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ABSTRACT

Effects of changes of land use on sare animal populatiaons.

P. J. Knights,

Two examples are considered: (1) The effects'of arganotin agricultural
fungicides on soil Acarina; (2) The effects of reclamation of intertidal land
on overwintering shorebirds at Seal Sands, Teesmouth.

The effect of triphenyltin acetate and triphenyltin hydroxide was
examined by field experiments and the results are discussed in relation to
the dose level, regime and season of treatment. MNumbers of soil Acarina were
reduced by both chemicals when applied in autum at recommended doses. The
Mesostigmata and an abundant Prostigmatid, Tarscnemus florigolus, were
particulariy -.ffocted and th2 magnitude of ceductkions was .wc.ated ou the
quantity of chemical applied. UWNot all species of mites were affected and
treatment of half the recammended dose resulted in an increase in sane families.
of Prostigmata. Seasonal changes in the abundance of mites are described and
camnpared with the results of studies elsewhere in Britain. Suitable laboratory
culturing techniques were devised for small Prostigmatid mites.

Reclamation of Seal Sands between 1972-74 resulted in a loss of feeding
area and reduced feeding time. The effects of reclamation are considered in
relation to the overwintering numbers of five waders: Grey Plover (Pluvialis
squatarola), Curlew (Numenius arquata), Godwit (Limosa lapponica), Redshank
(Iringa totanus) and Dunlin (Calidris alpina) and to the Shelduck (Tadorna
tadorna) . Monthly counts of each species are described and campared with
counts in previous winters. Changes in numbers are discussed in relation to

progressive reclamation. The relative importance of the reduction in feeding
area and feeding time in determining the overwintering numbers after reclamation
is considered by examination of: (a) the time spent feeding, and (b) the forag-
ing behaviour and diet. The waders overwintered in lower numbers than
previously but Shelduck numbers were unchanged. To satisfy their food require-
ments, Grey Plovers adapted by feeding at night while the other waders fed on
adjacent fields in mid-winter. Shorebirds did not change their diet or
foraging behaviour. Reduction in numbers was related to the reduced feeding
area and food resources available, but for Dunlins loss in feeding time was
more important.
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PREFACE,

The work undertaken and described in this thesis arose from two separate
projects, neither of which could be funded for a full three-year periocd. The
two projects have nothing in common exéept that they both deal with changes in
land use and their effects on animal populations.

The first part of the thesis examines the side effects of two agricultural
chemicals on soil Acarina and assesses whether these effects occurred by direct
toxicity or indirectly, by the destruction of potential food. Additionally,

I followed the seasaonal fluctuations in the munbers of soil mites in the
recent]v establisbed grassland which ~omprised the study area and discuss
changes in the species camposition of mite commumities associated with the
cessation of cultivation.

The second project considers the effects of reclaration of intertidal
mudflats on the numbers of overwintering shorebirds in the Tees estuary and
examines the relative importance of loss of feeding sites and reduction in
feeding time in determining the numbers of birds which wintered there after
reclamation.

Because the two projects were not directly linked, they are presented

separately.



PART 1.

THE EFFECTS OF ORGANOTIN AGRICULTURAL
CHEMICALS ON SOIL ACARIMA.



THE HISTORICAL DEVELOPMENT OF ORGANOTINS

AS AGRICULTURAL CHEMICALS,

- 61;g§notin campounds were first synthesised in the mid nineteenth century
(Lowig, 1852; Frankland, 1853 and 1854), but apart from the establishment of
some industrial app]._ications and a few kiological applications, for example
mothproofing (Farbenid, 1930; Miller et al., 1931), systematic investigation of
their properties and potential uses began almost a cent_ﬁ.ry la\iter. Renewed
interest in organotin compounds was initiated in the early 1950's by the
International Tin Research Council (now the Tin Research Institute) and research
was initially carried out at the Institute of Organic Chemistry., T.N.O., Utrec];t.

Subsequently the mamentum of research in this field increased. While some
new uses were industrial, for example as stabilizers of vinyl resins, plastics
and polymers, considerable emphasis in research has been towards the utilization
of the biocidal properties, particularly as agricultural chemicals. The success
of this research is reflected in the sharp rise in production of organétins for
agricultural use from a few hundred tons in the mid 1950's to over 100,000 tons
in 1968 (Van der Kerk, 1970). 1In 1968 approximately 25% of the British potato
crop was protected by triphenyltin fungicides (Thomas ané Tann, 1971).

Van der Kerk and Luijten (1954) first established the fungiéidal properties

of various organotin compounds inclucing triphenyltin acetate (henceforth

referred to as TPTA). In fact, m:whe basis for the first commercially
\\3 ap
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available organotin fungicide, a fornmlation registered as Brestan and produced
by Faberwerke Hoechst (Hartel, 1958 anlc:FS??;estei_jn, 1959) in 1959. Subsequently
triphenyltin hydroxide (TPTH), the hydrolysis product of TPTA, was introduced
for the control of the same fungal diseases (Pieters, 1962). The vast amount
of research and development. concerned with various aspects of fungicidal
activity in organotin compounds are discussed in depth in a number of reviews
s(:??;;steijn et al, in Torgeson, 1967: and Poller, 1970).

In Britain and Europe, and more recently in the U.S.A., TPTA and TPTH
have became firmly established in agricultural use for the control of potato

blight (Phytophthora infestans), yellow blight (Cercospora beticola) on sugar

beet and lezf opol {(Septorie. aprii) on celery (Poller, 1970)j. While che

triphenyltins are not the most strongly fungitoxic of the organotin chemicals,
their phytotoxicity is far less than that of aliphatic tin compounds. In situa- )
tions where phytotoxicity is of no consequence Tiibutyltin oxide (TBTO) is very
widely used, for example in wood preservation, since it is highly toxic to
fungi (Hof and Luijten, 1959). Thus, the use of triphenyltins in agriculture is
a compromise.

The Inter..ational Standards Organisation has designated the triphenyltins
as Fentins ~ TPTA as fentin acetate and TPTH as fentin hydroxide. These two
compounds are now marketed in Britain under a variety of brand names (see
Appendix 1). In these formulations TPTA is always cambined with the dithio-
carbamate, Maneb, TPTA being presént as a 20% active ingredient. TPTH is not
combined with Maneb and usually occurs as a 60% active ingredient. The
solubility in water of both TPTA and TPTH is low so they are prepared as
wettable powders and applied in aqueous suspension. The inclusion of Maneb
with TPTA formulations is related to reduction of phytotoxicity rather than
improvement of the fungicidal properties (Tin Research Institute, pers. comm.).

As pesticides, organotin chemicals have a major advantage over most other



organoretallic campounds, namely that they break down to inorganic tin which is

one of the least toxic metal ions to man.




THE TOXICOLOGY OF TRIPHENYLTIN COMPOUNDS.

-Triphenyltins appear not to he systemic, since radioactively laibelled TPTZL
is not absorbed by plants through either roots or leaves (Herok and Gotte, 1963).
However, residues may remain on the surface of plants and a number of studies
have aimed at determining the potential hazard to humen beings fram contaminated
foodstuffs, on the basis of toxicity to laboratory mammals. Investigations by
Stoner (1966) concluded that an acceptable daily intake for rr;an was in the order
of 0.001 mg/kg of TPTA or TPTH, a considerably lower l=vel than first suggested
by Harion et al. (19€X,. Evider... of TPT residuss in and on po. zLes indicaté ;
that such levels are unlikely to be reached in current agricultural practice -
(Thomas and Tann, 1971; Lloyd et al., 1962).

Verschuuren et al. (1966) confirmed the findings of Stoner (1966) and
demonstrated various sub-lethal effects such as growth retardation. Despite
initial evidence of an accumilative action of TPT's (Scholz, 1965), subsequent
investigation indicates that it is only partially cumlative, with a half-life
of around 50 days in quinea pigs (Stoner and Heath, 1967).

A comprehensive radiometrical study (Barth et al., 1964) to determine
possible effects on ruminants of TPTA ingested on silage found that most of the
campound passed directly through the alimentary system. The small portion which
was absorbed was quickly broken down and after a few weeks no residues could be

detected. Earlier radiometrical estimates by Herok and Gotte (1962) found that



unchanged TPTA or its hydroxide had a half-life of 20 hours in the tissues of
cattle, the resulting metabolites having a half-life of 8 — 70 days. The acute
toxicity of TPTA and TPTH to various laboratory mammals is summarized by Ben-Dyke
(1970) . .

At a cellular level the activity of trialkyltins, notably trimethyltin and
triethyltin campounds, has attracted extensive study since it was found that these
chemicals provided a useful tool in attaining an insight into the mechanism of
oxidative phosphorylation (Aldridge and Rose, 1969). Their value in this context
was due to their high biological specificity, both trialkyltins apparently
inhibiting oxidative phosphorylation through the binding of these chemicals with
. a specific site in the mitecronTria (Mdridge and Street. 1771, Ceemer, 1558; and
Selwyn et al., 1970).

Triphenyltins have been studied in less detail but the published information ™
which does exist suggests that these compounds also have a direct inhibitory
effect on cxidative phosphorylation (Stockdale et al., 1970; Byington, 1971;
Byington et al., 1974). These investigations were similarly undertaken to
establish the use of organotin campounds as a tool in determining the mechanism
of oxidative phosphorylation.

Additionally, ﬁistop’athological examinations have been conducted as part of
insect anti-feedant studies (Abo-Elghar and Radwan, 1971) and for the determina-
tion of mammalian toxicity (Stoner, 1966; Verschuuren, 1966) and sub-lethal
effects, such as reduced fertility (Newton and Hays, 1968). These effects are
summarized by McCollister and Schober (1975) in a review of toxicological
properties of organotins.

While TPT's appear to be broken down photochemically on exposed plant and
mineral surfaces, breakdown within the soil itself is due to microbial activity
(Barnes et al., 1971 and 1973). Furthermore, the breakdown of TPTA was not
preceded by a marked lag period, suggesting a rapid adaptation of the soil micro-

flora. Tributyltin oxide (TBIO), generally a more toxic chemical than the TPT's,



was also found to have little effect on various activities of the micro-flora,
such as ammonification, nitrification and sulphur oxidation (Bollen and Tu, 1972)
This evidence suggests that the less toxic organotins may have little effect on
soil fertility providéd that organic breakdown tq particle sizes small enough
for microbial action to start is not prevented by’toxicity to the macro-fauna.
The exact mechanism of biodegredation remains to be determined. Barnes:et al.
(1971) determined a half-life of TPTA in the soil of 140 days and noted rapid
adsorption of TPTA to soil particles such that 70% of the compound remained in
the top 4 an. of soil. It was concluded that pollution of ground water by TPTA

was unlikely.

Systematic investigation of potential insecticidal =ctivity of organotins
began in the early 1960's. Kotchkin (1964) demonstrated the toxicity of TPT's
to houseflies (Musca domestica) while Kenaga {1965) found that both TPTA and
TPTH sterilized adult houseflies at sub-lethal concentrations and suppressed
reproduction in the German cockroach (Blatella germanicaj and the flour beetle

(Tribolium confusum). Several studies have confirmed the chemosterilant property

of TPTA and TPTH towards houseflies (Kissim and Hays, 1966; Hays, 1968) and
shown that other groups of insects are similarly susceptible, for example,

tobacco bollworm (Heliothis zea ~ Lepidoptera: Noctuidae) (Wolfenburger, 1968)

and Japanese beetle (Popilla japonica ~ Coleoptera: Scarabidae) (Ladd, 1968).

TPT's generally act as stamach poisons rather than as contact insecticides
(Gardiner and Poller, 1964). Direct toxicity in this manner has been proved
effective against cotton leafworm (Spodoptera littoralis) (Abo-Elghar and Radwan,
1971; Findlay, 1970) and the pink bollworm (Pectinophora gossypiella) (El1 Sebae
and Ahmed, 1963). At sub-lethal concentrations an anti-feedant effect is shown

by these and related pest species (Asher and Rones, 1964; Asher and Nissim, 1964

and 1965; Findlay, 1970). However, conflicting with these numerous field and
laboratory studies is the rather erratic efficiency of TPT's against the

bollworm, (Heliothis zea), described by Graves et al (1965).

Acaricidal properties have also been investigated. Both TPTA and TPTH have



been found to provide effective control of, for example, citrus rust mite

(Phyllocoptruta oleivora) (Bullock and Johnston, 1968) and pink rust mite

(Aculus pelekassi) (Asher and Nissim, 1964; Stermlight, 1966). Generally, TPTH

appears to be more effective than TPTA but both are inferior to the new
extensively used acaricide Plictran (reg). The active constituent of this is
tricyclohexyltin hydroxide and has been evaluated in a number of studies
(Allison et al., 1968; Downing and Moilliet, 1970).

While several early studies suggested that TPTA was considerably toxic to

certain mollusca, for example Astralorbis glabratus (Hopf and Muller, 1962;

Deschiens and Floch, 1962), more detailed work (Frick and Jimenez, 1964) has
shown that the toxic_ity of TPTA is inferior to that of TBTO. TBTIO is now of
consicderable importance in attempts to eradicate the snail vectors of
Schistosomes (bilharzia) (Evans, 1971), a situation in which its phytotoxicity
is of minor importance. ‘

Despite the considerable volume of literature rela'ting ’;o screening tests
and possible applications of organotins as biocides, little information is
available on toxicity to non-target animal species. The udjor eaceniion to t}';ié
is th= standard assessment of the effects to man ard comestic animals, detailed
above.

In view of the variation in performance of TPT's towards target species,

prediction of their effect on non-target organisms is likely to be unreliable.

This led to the work to be reported in this thesis.



AIMS OF THE STUDY‘.

The primary aim of this study was to determine the effects, if any, of
commercially available triphenyltin fungicides on population levels of certain
soil invertebrates wheﬁ the rungyicides arc applied at dose levels used 1n current
agriculturel practice. |

The need to identify the soil organisms studied to a reasonably fine
taxonomic level (and preferably to species) in broad spectrum toxicological
studies has been demonstrated by many workers, for example Sheals (1957). It
was particularly necessary in my study since, as detailed in the introduction,
organotins generally show remarkable variations in toxicity between different
g:'oups of animals and even between different species of the same group. Since
it was impractical to identify all the invertebrate fauna in agricultural soils
to this level, soil Acarina alone were selected for counting and identification.
This choice was dictated largely by numerical abundance within the study area
available.

Fungicide applications were made and samples taken during a virtually
continuous programme fram September 1972 to July 1974. The results of these
trials are presented in pages 30 - 65.

Another aim of my study, subsidiary to the toxicological work, was to
Getermine the seasonal changes in population levels of the principal orders of
soil mites and of some particularly abundant species. These observations are

presented in pages 77 - 95.



An attempt was made to complement the results obtained in field trials by
culturing certain mite species in the laboratory and carrying out direct toxicity
studies. A successful means of culturing several species was eventually
achieved but no systematic laboratory trials could be initiated during the two
year period of the study. The culturing techniques used are described in

pages 66 — 76.
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THE STUDY AREA.,

Although more realistic effects of the fungicides would have been obtained
by setting trial plots in arable land under normal agricultural use, such an
area was not available,

The study area chosen camprised recently established grassland which had
been seeded with coarse lawn grass mixture after several years' cultivation.
Final rotavation had occurred eighteen months before the present trials
commenced. Although the grass had been mown regularly since sowing, this area
had received no other treatment or use. In particular, no agricultural chemicals
had been applied to the area for at least two years before the study began and
no organotin campounds had ever been used there.

In the following sub-sections the soil, vegetation and general climatic

influences are hriefly described.

SOIL CHARACTERTISTICS.

The soil of the study area was developed on boulder clay, typical of most
of lowland County Durham. This generally heavy soil had been modified by the
incorporation of considerable solid debris including old pottery, brick fragments
and clinker which was derived from the construction and subsequent removal of a
nearby railway track.

The soil structure was broadly similar to that of cultivated soils,
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containing no distinct litter layer. The distinction between A and B horizons
was difficult to determine. The mineral component was therefore dominant with
generally low hums levels. No detailed analysis of the soil was carried out.

Drainage of the soil was slow, the clay camponent retaining water well.
When dry, the soil became extremely solid.

The surface of the site had a slight slope of approximately g°.

VEGETATION.

The dominant component of the vegetation cover was rye grass (Lolium
perenne), this having been seeded in the first instance. Clover (Trifolium
repens) and wundelion (Taraxavwn vulgeiria) Tad became ectsliis e subseguuntly.

However, even the rye grass cover was sparse, and closer examination
showed the immediate soil surface of the gaps between rye grass clumps to be N
covered b}} mosses (primarily Pottia and Phascum spp.) .

The majority of root development occurred in the top 3 - 4 an. of the
soil; éertainly the roots of rye grass penetrated very little below this.

No gradients in soil fertility were visible in the form of variable

vegetation growth.,

CLIMATE.

The site was open but at the same time afforded some protection by adjacent
woodland. The climate is typical of that in the vicinity of Durham City, being
generally moderate with respect to many parts of north-east England. Thus, in
any year, air temperatures range from around 10°c jin December to 27°C in August.
The number of ground frosts are generally over 100 per year. Average annual
rainfall is 650 mm., there being between 180 - 200 days with rain - the highest
rainfall occurring between the months of April and August. In an average year

snow falls on only 7 - 14 days, whilst snow cover may remain for over two weeks.
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Detailed records of climatic variation were not made at the study site
since more camprehensive measurements were made at the Durham University
Observatory located about a mile from the study area in a very similar situation
and altitude. .'

The variation in rainfall and temperature recorded by the Observatory during

the two years of my study are sumarized graphically in Figure 1.
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METHODS OF STUDY,

PROGRAMME OF FIELD TRIALS.

Two triphenyltin fungicides, Duter (TPTH) and Brestan (TPTA with Maneb)
were used in the trials. The recamended dosages for agricultural use are
1% 1bs./Acre (1.4 kg./ha) and 7 oz./acre (0.5 kg./ha), respectively, these
dosages being repeated up to six times at 10 .- 21 day intervals for each product.
Both are wettable po;ﬂders, being sprayed in suspension in 20 - 100 gallons
(91 - 455 litres) of water.

In this study, five series of trials were undertaken, involving a total of

seven different levels of treatment. These were as follows:-

Series A 4 x recomended dosage TPTH (single application).

Series B 2 x recommended dosage TPTH (single application).

Series C Agricultural dosage TPTH (repeated 4 times at 10 - 14 day intervals).

Series D/1 2 x recommended dosage TPTA (single application).
D/2 Agricultural dosage TPTA (repeated 4 times at 10 - 14 day intervals).
D/3 2 x recamended dosage TPTA (repeated 3 times at 10 - 14 day

Series E/1 4 x recamended dosage TPTA (single application). mter\ralé) .
E/2 Agricultural dosage TPTH (repeated 4 times at 10 - 14 day intervals).

E/3 2 x recamrended dosage TPTH (single application).
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Treatments E/2 and E/3 were repeats of trial series C and B respectively,
but were carried out at different times of year. In all cases, each dosage was

prepared immediately before treatment.

The lav-out of trial plots.

Treatment series A, B and C were laid out in strips, two experimental and
two control for each series, these being arranged alternately with a distance of
30 an. between each strip. Within each strip eight individual plots, 60 am. by
60 cm., were separated from adjacent plots by a distance of 30 am. of untreated
ground. This free ground enabled easy access for sampling and spraying, and at
the same time reduced the iisk of laterai movemenic and contamination of adjacent
plots. In view of the lack of substantial leaching demonstrated by Barnes et al.
(1971), this distance would be an adequate, if not unnecessary, provision.

The alternating arrangement of control gnd experimental strips was intended
to reduce the influence of any gradients in soil quality, vegetation or soil
water which might have affected the distribution of Acarina,

In series D and E, a 4 x 8 latin square design of plots was adopted, this
scheme being more usual in toxicological field trials. It enabled three
separate treatments to be incorporated in each series and at the same time
reduced further any errors due to various environmental gradients. Each treat-
ment had eight replicates which, along with control plots, provided a total
number of thirty-two samples on each occasion. This overall total was determined
purely by the capacity of the apparatus available for extracting Acarina from
soil cores. The size of plots in both series D and E was 90 an. by 90 am., each
plot being separated from adjacent plots by a distance of 45 aom.

In all series the size of plots chosen was related to the anticipated
number of samples to be taken while allowing considerable distances between

successive samples. The lay-out of trial plots is shown in Figs. 2 and 3.



FIGUREQ_:THEARRANGEMENPOFTRIA_LPIUPSINSERIESA, B AND C OF THIS STUDY.

In this alternating arrang:ment, experimental or treated plots are designated 'T',
while control or untreated plots are designated 'C'.

T c T c T Cc
C T cC T C T
T C T Cc T C
c T c T C T
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FIGURE 3 : THE ARRANGEMENT OF TRIAL PIOTS IN SERTES D AND.E OF THIS STUDY.

In this latin square design, treated plots are designaﬁed by their number,
while control plots are designated 'C'.

c D/3,E/3 D/2,E/2 ' D/1,E/1 ¥ D/3,E/3 D/2,E/2 D/1,E/1
|
D/1,E/1 C D/3,E/3 { D/2,E/2 D/1,E/1 o 0/3,5/3 0/2,5/2
[
D/2,E/2 D/1,E/1 C D/3,E/3 D/2,E/2 o/1,E/1 C D/3,E/3
D/3,E/3 D/2,E/2 D/1,E/1 C D/3,E/3 D/2,E/2 D/1,E/1 o

41
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Sampling Regime.

For each series of trials a set of pre-treatment samples were taken.

Sampling of series A was carried out for a period of three months between
November 1972 - January 1973 inclusive. In serie_s! A, emphasis was placed on
frequent sampling immediately after treatment to identify accurately any rapid
changes in abundance. Samples were taken at 4, 8, 12, 16 and 28 days after
initial treatment and subsequently at monthly intervals.

Series B and C ran approximately concurrently from February 1973 to
August 1973, the first sample being taken two weeks after initial treatment and
further samples at monthly intervals.

Since n ELled rapid cTanges occurrel amoagst soli vCeoina 1l sericel 4, B
and C, sampling in series D and E was undertaken only at monthly intervals from
October 1973 to January 1974. Since in each of these series a given treatment
was replicated only eight times, two sets of samples were taken from each plot
each month. This gave a total of 16 samples: for each treatment in each month
(the second samples were taken three days after the first to allow extraction
of the latter).

To provic.> a useful sequenice of samples “or study of pooulation changes
- amongst soil Acari, an additional series of samp_les was taken during intervals
between the various trial series, and for a seven month period after completion
of the final trial series; otherwise the control samples within each series were

used for this purpose.

Preparation and Treatment of Plots.

The general study area was fenced off a month before each sampling programme
was bequn, thereby excluding any human activity which might have affected the
results. The sample plots themselves were marked out with bamboo canes and

string, care being taken during this procedure not to trample on the future
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trial plots - an important precaution in view of their small size.

Before spraying, the grass on all plots was clipped to approximately 1 cm.
in height to allow maximm penetration of the spray to the soil surface.
Spraying was carried oﬁt at least ten days after this, to allow both fauna and
vegetation same time to adapt to the new conditions. Immediately before
spraying, superficial litter, such as déad grass and leaves, was removed since
these would also interfer with penetration of the spray.

In series A, B and C the dosages were applied in 300 ccs. of tap water to
each plot, these keing equivalent to the quantity of liquid per hectare suggested
for agricultural application. This quantity appeared to provide even coverage
of each plct without watericyging the s30i1  (wtich would ha.e wicreased the
chances of immediate run-off).

..In series D and E, one litre of water was used as carrier for each plot.
Once agair; this is equivalent to the amount of liquid recommended for agricul-
tural use. In no series was the amount of water added to trial plots considered
7o) larée as to require equivalent amounts of water to be applied to control
plots.

Spraying was carried out under damp weather cenditicn. as far as possible
to facilitate penetration of the fungicide particles into the soil. Under dry
conditions, it seems likely that penetration would be poor and a substantial
proportion of each dose would remain very near the surface where it might be
subject to more rapid photochemical degradation. Under extremely wet conditions,
on the other hand, the fungicide might be moved appreciably within or on top of
the soil; therefore such conditions were also avoided. Spraying was carried out
always in late afternoon, at which time the study area received no direct sun-
light. This was again a precaution to allow reasonable penetration of the
fungicide.

A small hand-held sprayer (manufactured by Gramess Co. Ltd.) was used
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throughout the study. This provided a narrow spread of fine spray, enabling
even dispersal of the fungicide. Being hand pressured, the rate of delivery
could be easily adjusted. The sprayer was held such that the nozzle was

14 - 16 am. above the soil surface, providing accurate coverage and avoiding
~ breaking up the soil surface.

When the study was first planned it was hoped to measure the amount of
each dose actually reaching and penetrating the soil and subsequently to monitor
its progressive degradation by polarographic analysis. Attempts to do so,
however, were defeated by the tenacity with which triphenvltin adsorbs to clay
particles. No solvent has yet been found to provide the camplete recovery of

organotins from soil necessary for meaningful analysis.

SAMPLING AND EXTRACTTON TECHNIQUES. -

The sampling equipment and method.

in all five trials series, cylindrical core sampliss were taken, 3.8 ani. J'Ji
diameter with a surface area of 11.5 square cm. Preliminary sampling had
indicated that this size of sample contained sufficient mites to provide useful
data while at the same time allowing reasonably quicr sorting.

Cores were taken to a depth of only 3 cm. Important factors determining

this choice depth were as follows:

(a) Mites were separated fram soil by means of a high gradient extractor.
Macfadyen (in Murphy, 1962) recommends the use of cores 3 am. in depth - the
depth of samples affecting the gradients of temperature and humidity within it,
and possibly, therefore, movement of some species. For deeper samples, it would
have been necessary to divide each core, a process which would have increased

effects due to soil compression, particularly in view of the clayey nature of
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the soil.

(b) The extractors available held a total of 32 samples only. If division of
cores had been adopted, it would have bsen hecessary to reduce the number of

treatments possible to maintain adequate replication of each.

(c) With the sampling equipment available, it was difficult to obtain good
quality samples consistently below 3 am., since the soil was so stony. In the
dense clay soil, campression was more evident in samples deeper than 3 om.
Problens of compression are generally more marked with a small size of core

(Murphy, 1962), as used here.

(@) In most soils.70% of total soil Acari are found within this depth
(Wallwork: in Burges and Raw, 1967) and preliminary sampling within the present
programme found around 80% to be present in the top 3 an. This is perhaps not
surprising in view of the shallow penetration and development of roots. Only
a relacively smali nuiber of mite groups occurred consistently below 3 am. - |

for example Pyamephorus sp. and Rirodocarellus sp.

(e) The study was intended to detect proportionate changes in abundance rather

than an absolute measure of density.

(f) Barnes et al. (1971) found that 70% of a TPTA dosage remained in the upper

4 cm. of soil.

The type of corer used was similar to that employed and described by
Block (1965) and Springett (1965). The manner of use followed that outlined in
these previous studies and will not be described here, but several aspects of

sampling procedure are worth emphasis.
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Before each set of samples were collected, the cutting edge of the sampler
was sharpened to minimize campressional effects. Sampling under conditions when
the soil was waterlogged was avoided, since canmpression of the sample was then
more frequent and sever.e, and smearing of the surface occurred. Furthermore,
during extraction, wet samples tended to shrink considerably, and a gap would
form between the core and canister whicﬁ held the core. This disturbed the
correct temperature and humidity gradients.

Sampling was carried out in the first half of the morning, before 10.00
hours, so as to exclude, in part at least, variation due to any diurnal vertical
migration of animals within the soil. Within each plot samples were taken on a
stratified, iandon design, i.e. che co—ordinates of sampie site were deternuned
by random numbers, as used by Davis (1963). Samples which showed evident cam-
p.resgion, .‘perhaps due to a large stone contained within the core, were rejected
and repléc;ed in the plot. Under normal circumstances no replacement cores were
provided for those removed. The area of each plot was adequate to allow several
centimétres around each previous sample hole for the anticipated number of
samples to be taken. .

Canisters containing cores were stored individually witn appropriately
numbered slips of paper. On all occasions samples were loaded into the extractor

within two hours of sampling.

Extraction.

Samples were extracted using a modified Macfadyen high gradient extractor.
Although this system has been found to be inferior to Tullgren funnels for the
extraction of most groups of Acari from mineral soils (Edwards and Fletcher,
1971), the Tullgren funnels available at Durham were not suitable for the
extraction of small core sizes. Furthermore, preliminary use of Tullgren
funnels was found unsatisfactory, as much debris fell into the collecting

vessels, a factor which greatly increased the time taken to sort samples,



particularly those containing the smaller Acarina.

Bl§Ck (1965 and 1966) described the construction of the extractor used in
this study, the develomment of temperature/humidity gradients and the rates of
extraction of different groups of mites from mineral soils. Although no check
of extraction efficiency was made in the course of this study, Block found that
the equipment extracted 76% of Acarina fram mineral soils.

The extractor held a total of 32 samples, an important determining factor
in the arrangement of plots, the number of replicates in each treatment etc. as
already noted.

Following Block's findings, I adopted the following heating regime:

18 hours at 60 volts
24 hours at 100 volts

24 hours at 140 volts

Thus, including sampling and loading of the extractor, a camplete sequence of

extraction required three days.

The treatment of samples before and after extraction.

Before loading the cores into the extractor, cars was taken to clip and
remove surface vegetation very close to the soil surface but without actually
disturbing the soil itself. The presence of surface vegetation could quite
easily form hiding places and ultimately traps for the mites, and might have
interrupted the development of temperature and humidity gradients.

It was found important to mount the core above the collecting vessel with
the minimum of disturbance to reduce the quantity of debris falling into the
vessel. Similarly, care was taken when removing the dry cores after extraction
vas camplete.

After completion of the extraction, samples were washed fram collecting
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vessels with 90% alcohol into plastic screw topped containers of 100 ml.

capacity. Together with the small amount of water initially in the collecting
vessel, this gave a final storage fluid of approximately 75% alcohol. Since
storage times before sbrting were relatively short, possibly a month, no

glycerol was added, as is recommended for storage over a longer term, Evans et al.

(1961) .

The sorting of samples.

For counting and identification, samples were flushed fram storage con-
tainers with 70% alcohol into a fine sieve. This sieve comprised a perspex ring
with an inte=mal diameter of £ am.. =i acr~s= one end wa: 320 a fine rslon
mesh, a method developed by G. Robertson (pers. camm.). The perspex ring was
obtalned by cutting an 8 mm. wide section of perspex tube. The nylon mesh had
a pore size sufficiently fine to retain adults of all species of interest, yet
enabling reasonably rapid flow of fluid and the escape of finer debris. Care
was taken to ensure good adhesion of the mesh to the perspex.

The mesh surface was demarcated for easy searching by china-graph pencil.
Despite the nece:ssity to remark at frequent intervals, perl.aps every sixty
samples or so, the pencil was not soluble in alcohol as were several markers
tested.

Because of the gradual accumilation of very fine debris amongst strands of
the nylon mesh, and consequent darkening of the background, the mesh was renewed
reqularly.

For examination, the sieve was placed on a white filter paper disc in a
petri dish. The filter paper enabled specimens to be kept moist easily and
provided a good bright background for separating mites fram debris. Using this
system, sorting and identification of mites was a comparatively simple process.

For counting and the bulk of identification, a Zeiss binocular microscope

with 10 x 1.4 - 6 (zoom) magnification proved most convenient. During initial
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identification, and subsequently for checking doubtful specimens, temporary
slides were made for examination under high power magnification. Highly
sclerotized species, for example various Gamasids and Cryptostigmata, were first
cleared in warm 5% acetic acid before mounting in D.P.X. Cavity slides were
necessary only for the larger Mesostigmata. In general, I followed procedures
outlined by Evans et al. (1961). |

Mites for each sample series were removed from the sieve as they were
counted and identified and stored in two by one inch vials in case further, or
more detailed, identification was necessary. The storage fluid used was 70%
alcohol plus glycerol.

Mites weoe manipulata! wich & micro-spatula (the flactened end of a strand

of copper wire set in a glass rod) or a fine paint brush.
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TAXONOMY,

Both for the identification of major groups of soil Acari in the initial
phase of this stoly and Sor s-bs-:queat ident ., Jicution to family level, “An
Introduction to Acarology” (Baker and Wharton, 1952) proved of greatest use.
Ident}ficat_ions were confirmed by K.H. Hyatt of the British Museum and
D. Maci'Ea.rlaéle of the Cammonwealth Institute of Entamology, but responsibility
for checking these against the bulk of spechréns is mine.

| Preliminary sampling of the study area indicated that Prostigmata were
daminant, conforming with the findings of Loots and Ryke (1967), Edwards and
Lofty (1968) and Thillon and Gibson (1962) tiwt in cultivated soils Prostigmaca
are far more numerocus than Cryptostigmata. In fact, at the beginning of the
study no Cryptostigmata were found. This contrasts strongly with the
abundance of these groups in permanent pastures, and confirms the close
similarity of the study area with agricultural land.

Although a complete species list was not prepared for my study area, it was
evident that relatively few species camwprised the bulk of Acarina present. For
the present study the major groups of Acari were separated as also were a small
nunber of the more abundant species.

Below, the general diversity within each of the four camonly occurring
orders of the sub-class Acari is briefly outlined. This basic classification

follows Evans et al. (1961).
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1. Prostigmata.

On the basis of numerical abundance two species, Tarsonemus floricolus

(Canestrini and Fanzago) and Scutacarus (Variatipes) montanous (Paocli) were
separated as also was the genus Pygmephorus of which two species were probably

present. T. floricolus has not previously been reported in the north-east of
England and was not recorded by Hull (1916), in his major work "Terrestrial
Acari of the Tyne Province'.

Identification and information concerning the ecology of these genera was
obtained from Stammer (Ed.) (1959: Karafiat, Scutacaridae; Krczal, Pyemotidae;
Sciearschmidt, Tarsonemidae). Apart from a comprehensive taxonamic study of tle
family Tarsonemidae by Beer (1954) recent interest in these three groups has
been shown primarily by EFuropean workers. Further information relating to the
Tarsonemidae was obtained from Karl (1965), Schaarschmidt (1963) and Mahunka
(1970) . For the Scutacaridae, Rack (1965) and Mahunka (1965) provided most
information.

Those Prostigmatids which are generally more abundant in established
paswure occurred in relatively smail numbers in my study area, but representa- )
tives of the Fupodidae and Tydeidae were regular components of samples through-

out the study.

2. Mesostigmata.

Throughout the study Rhodacarellus epigynalis, Sheals, ,and an unidentified
Pachylaelaps species were the most abundant representatives of this order. The
large Mesostigmatid, Pergamasus longicornis, Berlese ,was less frequent, but
nonetheless regular in occurrence. Of the Uropodina a single species,

Dinychopsis appendiculata  Berlese , occurred regularly but at no time was common.

3. Cryptostigmata.

During preliminary sampling within my study area, no Cryptostigmata were
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found. Subsequently, however, small numbers of one species, Tectocepheus velatus
(Michael), appeared during sampling of trial series, and in series B and C an
unidentified Oppia sp. also became a regular camponent of the population.

Towards the end of my study, a third species Nanhermannia nana (Nicolet) began

to appear regularly.

4. Astigmeta.
Astigmatids were generally uncommon in the study area with the exception of
a single species (unidentified) belonging to the genus Schwiebea.

These details of species are summarized in Table 1.
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TABLE 1 : A SPECIES LIST OF ACARINA WITHIN THE STUDY ARFA AT DURHAM.
Order Family Genus or Species

Prostigmata Tarsonemidae

Pyemotidae

Scutacaridae

Eupopidae

Tydeidae
St igmaeidae

Mesostigmata Rhodacaridae
Parasitidae
Pachylaelapidae

Uropodidae

Cryptostigmata Tectocepheidae
Oppiidae

Nanhermanniidae

Astigmata Acaridae

Acaridae

Tarsonemus floricolus (Canestrini and Fanzago)
Tarsonemus talpae (Canestrini and Fanzago)
Pygmephorus spp.

Scutacarus sp.

S. (Variatipes) montanus (Paoli)

Fupcdes sp.

(Unidentified)

Eustigmaeus sp.

Rhodacarellus epigynialis, Sheals
Pergamasus longicornis, Berlese
Pachylaelaps sp.

Dinychopsis appendiculata, Berlese .

Tectocepheus velatus (Michael)

Oppia sp.

Nanhermannia nana (Nicoiet)

Schwiebea sp.

Tyrophagus sp.

N.B. Small numbers of Prostigmata were found which were not ultimately

identified even to family level, but for other orders the representa-

tion of families given here is complete.
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THE RESULTS OF FIELD TRIALS,

CHOICE OF ANALYSIS.

In common with many studies of soil invertehrate populations, even within
plots of a few metres square, the variance of numbers in replicate samples was
frequently found to be as great as the mean (Snedecor, 1966)__. In these circum-
stances simple comparison of means is unsatisfactory in assessing the results
of fungicide treatments on the soil Acarina.

Aithough some experiments were carried out using a latin square design
(series D and E), analysis of variance of the results is valid only if the data
canply with a model which assumes the additivity of v=riance, together with
normal and independent distribution of error and hamogeneity of variance
(Snedecor, 1966). Suitable transformation can provide variances which are
independent of the means and are additive, but Bartlett's test for hamogeneity
indicated that in my study variances were heterogenecus, a feature which simple
transformation cannot resolve.

A non-parametric method, the Wilcoxon two sanple test, was therefore
chosen for analysis of field trial data in this study, since it makes no

assumptions about the nature of the frequency distributions of numbers between

samples.
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PRESENTATION OF RESULTS.

The effects of triphenyltin fungicides are considered in relation to counts
of total Acarina, two principal orders, the Prostigmata and Mesostigmata,
and a single species of Prostigmata, Tarsonemus floricolus. Excluded from the
group 'Prostigmata'’ is the genus Pygmephorus in all trial series and the species
Scutacarus (Variatipes) montanus also in series D and E. These were analysed
separately because of their increasing abundance in the sampling area in 1973.
However, treatment with fungicides had no consistent effects on these groups,
so they are not discussed further below, but median densities after various
treatuents are iacluded in Zperdix 2.

For each series of trials the median numbers of each taxoncmic group per
square metre are plotted in histogram form (Figs. 4 - 13 ). A complete inventory
of median 'c;zensities and the total range of observed densities within samble
groups is provided in Appendix 2 . The resul£s of analyses by Wilcoxon two
sample tests are provided in Tables 2 - 10 . In each table, values represent
the level of significance of differences between control and treatment popula-
tions on the same sampling date. The direct.icn of the difference is exrrescsad
by an arrow, for example 0.001 ¥ indicates that the density of mites in the
treated plots is significantly lower than that recorded in corresponding control
plots. Differences with p > 0.05 are considered not significant and represen-—
ted in each table by the abhbreviation "Ns". In Tables 11-19, the differences
in numbers of mites between control and treated plots is expressed as a percent-
age of the median densities in control plots for each sampling occasion. Thus
"75 ¥ " indicates that the density of mites in treated plots is 75% lower than
the density in the corresponding control plots, the direction of change again

being indicated by an arrow.
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FIGURE 4: CHANGES IN DENSITY OF ALL SOIL, ACARINA AND

MESOSTIGMATA DURING TREATMENT SERIES A.

The date of treatment is indicated by the letter Tf .
A significant (p = < 0.05) difference of density in
treated and control plots is marked thus:|
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FIGURE 5 : CHANGES IM DENSITY OF 'OTHER' PROSTIGMATA AND

TARSONEMUS FLORICOLUS DURING TREATMENT SERIES A.

The date of treatment is indicated by the letter Tf .
A significant (p = < 0.05) difference of density in
treated and control plots is marked thus: |
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FIGURE 6 : _CHANGES IN DENSITY OF ALL SOTIL ACARINA AND

MESOSTIGMATA DURING TREATMENT SERIES B,

The date of treatment is indicated by the letter Tf .
A significant (p = < 0.05) difference of density in
treated and control plots is marked thus:)
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FIGURE 7 : CHANGES IN DENSITY OF 'OTHER' PROSTIGMATA AND

TARSONEMUS FIORICOLUS DURING TREATMENT SERIES B.

The date of treatment is indicated by the letter Tf
A significant (p = < 0.05) difference of density in
treated and control plots is marked thus: |
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FIGURE 8 : CHANGES IN DENSITY OF ALL SOIL ACARINA AND

MESOSTIGMATA DURING TREATMENT SERIES C,

The date of treatments is indicated by the letter T f
A significant (p = <0.05) difference of density in
treated and control plots is marked thus: |
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‘Other' Prostigmata

FIGURE 9 : CHANGES IN DENSITY OF 'OTHER' PROSTIGMATA AND

TARSONEMUS FLORTCOLUS DURING TREATMENT SERIES C.

The date of treatments is indicated by the letter T f .
A significant (p = <0.05) difference of density in
treated and control plots is marked thus: |
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Total Acarina

FIGURE 10 :CHANGES IM DENSITY OF ALL SOIL: ACARINA AND

MESOSTIGMATA DURING TREATMENT SERIES D.

The date of treatments is indicated thus: D/lt , D/Zf , D/3 1\ .

A significant (p = < 0,05) difference of density in
treated and control plots is marked thus: |
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FIGURE 11 :CHANGES IN DENSITY OF 'OTHER' PROSTIGMATA AND

TARSONEMUS FLORICOLUS DURING TREATMENT SERTES D.

The date of treatments is indicated thus: D/1 1, o/2t, /3t .

A significant (p = <« 0.05) difference of density in
treated and control plots is marked thus: |
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The density of mites in each trial is distinguished as follows:
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FIGURE 12 : CHANGES IN DENSITY OF ALL SOIL, ACARINA AND

MESOSTIGMATA DURING TREATMENT SERIES E.

The date of treatments is indicated thus: E/1 f ) E/Zf , E/3t .
A significant (p = <0.05) difference of density in
treated and control plots is marked thus:‘

NOTATION
The density of mites in each trial is distinguished as follows:

® Median densities of zero.
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her' Prostigmata

FIGURE 13 : CHANGES IN DENSITY OF 'OTHER' PROSTIGMATA AND

TARSONEMUS FIORICOLUS DURING TREATMENT SERIES E.

The date of treatments is indicated thus: E/1 f , E/2 f , E/3t .
A significant (p = <0.05) difference of density in
treated and control plots is marked thus: |

NOTATTON
The density of mites in each trial is distinguished as follows:

® Median densities of zero.
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TARIES 2 — 10:

THE SIGNIFICANCE LEVELS OF POPULATION CHANGES IN GROUPS OR SPECIES OF SOIL

ACARINA AFTER TREATMENT OF PLOTS WITH ORGANOTIN FUNGICIDE.

Each value in the following tables represents the level of significance of
differences between control and experimeﬁtal populations on the same sanpling
date. The direction of change with respect to the population of control plots
is indicated by an arrow - thus 0.001 ¥ indicates a fall in numbers of Acari
within treated plots which is significant at the 0.001 level. The lowest level
of significance recorded is 0.05; a non-significant record is abbreviated

thus - "Ns'.

Trial series A, B, C, E/2 and E/3 comprise treatments of triphenyltin hydroxide,

~

while trials D/1, D/2, D/3 and E/1 canprise triphenyltin acetate treatments.

DLE 2: Series A comprising four times the recommended agricultural

dose of TPTH (single application).

Treatment  Sample Total 'Other’
Date Date Acarina Prostigmata Mesostigmata T. floricolus
8.11.72 12.11.72 Ns Ns 0.05 ¢ Ns
17.11.72 Ns 0.05¢ Ns Ns
23.11.72 0.025 ¥ Ns Ns 0.025 ¥
08.12.72 Ns Ns 0.025 4 0.025y

27.01.73 0.001 ¥ Ns Ns 0.025 ¥
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TABLE 3: Series B camprising twice the recommended agricultural dose
of TPTH (single application).

Treatment  Sample Total 'Other’

Date Date Acarina Prostigmata Mesostigmata T. floricolus

23.02.73 ‘
06.03.73 Ns Ns 0.05 ¢ Ns
21.03.73 Ns Ns Ns Ns
04.04.73 Ns Ns Ns Ns
28.04.73 Ns Ns Ns Ns
22.05.73 0.005% 0.001 4 Ns 0.005 4
29.06.73 0.0054 Ns 0.05 vy Ns
26.07.73 0.01 4 0.001 ¢ Ns Ns

TABLE 4: Serijes C comprising the recommended agricultural dose of TPTH
repeated four times at approximately 2 week intervals.

Treatment  Sample Total 'Other!

Date Date Acarina Prostigmata Mesostigmata T. floricolus

06.03.73 _

17.03.73 17.03.73 Is Ns Ns . Ns

0:.04.73 31.03.73 Ns Ns Ns Ns

16.04.73 25.04.73 0.05 ¢ 0.001 ¢ Ns Ns
17.05.73 Ns 0.025 4 0.05 ¢ Ns
25.06.73 0.0014 0.005 4 Ns 0.001 4
23.07.73 0.01 4 0.025 4 Ns Ns

21.08.73 Ns Ns Ns Ns



TABLE 5: Series E/2 comprising the recammended agricultural dose of TPTH

repeated four times at approximately two week intervals.

Treatment  Sample Total 'Other!
Date Date Acarina Prostigmata Mesostigmata T. floricolus

14.09.73

05.10.73

20.10.73 9/15.10.73 Ns Ns Ns Ns

06.11.73 16/19.11.73 0.025¢¥ Ns 0.001 ¥ 0.001 ¥
11/14.12.73 0.001 ¥ 0.001 ¢ Ns 0.001 ¢
21/24.01.74 0.005 ¥ Ns 0.001 ¥ 0.001 ¥

TABLE 6: Series E/3 comprising twice the recomrended agricultural dose

of TPTH (single application).

Treatment  Sample Total ‘Other’
Date Date Ararina  Prostigmata Mesostigmata T. floricolus
12.09.73
9/15.10.73 Ns 0.025 4 Ns Ns
16/19.11.73 Ns 0.005 4 0.001 ¥ 0.05 ¥
11/14.12.73 Ns 0.025 4 Ns 0.01¢
21/24.01.74  Ns 0.01 4 0.001 ¢ 0.05 ¥

TARLE 7: Series D/1 comprising twice the recommended agricultural dose

of TPTA (single application).

Treatment Sample Total 'Other!
Date Date Acarina Prostigmata Mesostigmata T. floricolus
03.09.73
27.9/3.10.73 Ns 0.01 4 Ns 0.05 ¥
6/12.11.73 Ns 0.001 4 0.05 ¥ 0.001 ¥
5/08.12.73 Ns 0.001 4 Ns Ns

13/17.01.74 0.05 ¥ Ns Ns 0.001 ¥
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TABLE 8: Series D/2 rising the recommended agricultural dose of

TPTA repeated four times at 2 - 3 week intervals.

Treatment Sample Total 'Other'
Date Date Acarina Prostigmata Mesostigmata T. floricolus
04.09.73
18.09.73
08.10.73 27.9/03/10.73 Ns Ns Ns 0.001 ¢
29.10.73 6/12.11.73 0.001 ¥ Ns 0.005 ¥ 0.001¢
5/08.12/73 0.005 ¥ Ns Ns 0.001¥
13/17.01.74  0.005 ¥ Ns Ns 0.001 ¥

TABLE 9; Series D/3 ggp. rising twice the recommended agricultural dose

of TPTA repeated three times at 2 - 3 week intervals.

Treatment Sample Total 'Other’
Date Date Acarina Prostigmata Mesostigmata T. floricolus
04.09.73
18.09.73
08.10.73 27.9/03.10.73  0.01 ¥ Ns 0.025 ¢ 0.001 ¥
6/12.11.73  0.001 ¥ Ns 0.001 ¥ 0.001 ¥
5/08.12.73  0.001 ¥ Ns - 0.001 ¥ 0.001 ¥
13/17.01.74  ©.001 ¥ Ns _ 0.025V 0.001 ¥
TABLE 10: Series E/1 comprising four times the recommended agricultural

dose of TPTA (single application).

Treatment Sample Total 'Other’ _ _ _
Date Date Acarina Prostigmata Mesostigmata T. floricolus
12.09.73
9/15.10.73 Ns Ns 0.05 ¥ 0.005 ¥
16/19.11.73 Ns 0.05 4 0.001 ¥ 0.001 ¥
11/14.12.73  0.05¥ Ns 0.005 ¥ 0.001 ¥

21/24.01.74 Ns 0.025 4 0.005 ¥ 0.005 ¥
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TABLES 11 - 19:

THE PERCENTAGE CHANGE IN MEDIAN DENSITIES OF SOIL ACARINA FOLIOWING ORGANOTIN

TREATMENT'.

Eaéh value in the following tables represents the percentage by which densities
of mites in treated plots differ from that of the equivalent control plots
(100%) . The direction of this difference is indicated by an arrow; for example,
50 ¥ shows that the median density of the treated plots was 50% lower than

that of respective control plots.

T—ial series A. R, C. E/2 and £/? camprise treatments of *~iphenyltin hvd~: ide,

while trials D/1, D/2, D/3 and E/1 camprise triphenyltin acetate treatments.

TABLE 11: Series A camprising four times the recommended agricultural

dose of TPTH -(single application).

Treatment  Sample Total 'Other’

Date Date Acarina Prostigmata Mesostigmata T. floricolus

08.11.72 12.11.72  20.7 ¢ - 50 ¢ 55.5¢ 2 ¥
17.11.72 29.5 ¢ 60 ¢ 50 ¥ 35 ¢
23.11.72 42 ¥ 16.6 ¥ 0 a3 ¥
08.12.72 29 ¥ 43 ¥ 100 4 26.5 ¥

27.01.73 57 ¥ 33.3 ¥ 14 ¥ 68 V¥
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TABRLE 12: Series B comprising twice the recommended aaricultural dose
of TPTH (single application).

Treatment  Sample Total 'Other’

Date Date Acarina Prostigmata Mesostigmata T. floricolus

24.02.73 06.03.73 30 ¥ 100 4 67 ¢ 35 ¢
21.03.73 12 4 12.54% 50 ¢ 8 4
04.04.73 10 4 10 4 0 18 4
28.04.73 44 36 4 29 ¢ 0
22.05.73 33 4 41 4 14 ¥ 64 4
29.06.73 53 4 0 67 ¥ 0
26.07.73 36 4 60 4 12 4 0

TABLE 13: Series C comprising the agricultural recamended dose of TPTH.
administered on four separate occasions at approximately two
week intervals.

Treatment  Sample Total ~ 'Other! _

Date Date Acarina Prostigmata- Mesostigmata T. floricolus

06.03.73

17.03.73 17.03.73 10 & 125 A 50 4 33 4

03.04.73  31.03.73 14 19 ¥ 30 4 8 4

16.04.73 25.04.73 35 ¥ 52 ¢ 0 13 4
17.05.73 23 & 35 4 14 ¥ 18 ¥
25.06.73 100 4 200 4 33 ¢ 1300 4
23.07.73 43 4 60 4 25 ¥ 100 4
21.08.73 25 4 50 4 17 ¥ 0
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TARLE 14: Series E/2 rising the recammended agricultural dose of

TPTH administered on four separate occasions at approximately

two week intervals,

Treatment Sanmple Total 'Other’ :
Date Date Acarina Prostigmata Mesostigmata T. floricolus

14.09.73

05.10.73 . _

20.10.73 9/15.10.73 8 ¥ 14 4 17 ¢ 33 ¢

06.11.73 16/19.11.73 319 50 4 71 ¢ 100 ¥
11/14.12.73 68 ¥ 75 ¢ 50 ¥ 100 ¥
21/24.01.74 46 ¥ 25 4 60 ¥ 10C ¢

TABLE 15: SCeries E/3 comprising twice the recommended acricultural doge

of TPTH (single application).
Treatment - Sample Total 'Other’

Date - Date Acarina  Prostigmata  Mesostigmata  T. floricolus
19.09.73
9/15.10.73 13 ¢ 71 4 43 ¢ 3¢
16/19.11.73 4y 250 4 43 ¥ 67 ¥
11/14.12.73 11 4 50 4 50 ¥ 75 ¥
21/24.01.74 174 175 ¢ 60 ¥ 67 ¥

TABLE 16: Series D/1 canprisjnd twice the recommended agricultural dose

of TPTA (sinqie application).

Treatment Sample Total - 'Other _
Date Date Acarina Prostigmata Mesostigmata T. floricolus
03.09.73 '
27.9/03.10.73 16 ¢ 83 4 25 ¢ 75 ¥
6/12.11.73 74 188 4 67 ¥ 73 ¥
5/08.12.73 22 4 275 4 25 ¢ 25 ¥

13/17.01.74 45 ¥ 25 4 50 ¥ 67 ¥



TABLE 17:

Treatment
Date

04.09.73
18.09.73
08.10.73
29.10.73

TABLE 18:

Treatment
Date

04.09.73
18.09.73
08.10.73

JABLE 19:

Treatment
Date

12.09.73

49

Series D/2 rising the recamended agricultural dose of
TPTA regafed four times at 2 - 3 week intervals.
Sample Total 'Other’
Date Acarina Prostigmata Mesostigmata T. floricolus
27.9/3.10.73 16 ¥ 100 4 0 509
6/12.11.73 61 ¥ 25 ¥ 674 100 ¥
5/08.12.73 48 ¥ 0 50 ¥ 100 ¥
13/17.01.74 52 ¥ 0 50 ¥ 100 ¥
Series D/3 cawprising twice the recammended agricultural dose
of TPTA reﬁeat;ed three times =t 2 - 3 week intervals.
Sample Total 'Other
Date Acarina Prostigmata Mesostigmata T. floricolus
27.9/3.10.73 42 § 334 25 ¥ 100 ¥
6/12.11.73 66 ¥ 25 ¢ 67 ¥ 100 ¥
5/08.12.73 63 ¥ 0 100 ¥ 100 ¥
13/17.01.74 52 ¥ 25 4 . 100 ¥ 100 ¥
Series 1 c rising four times the recamnended agricultural
dose of TPTA (single application).
Sample Total 'Other'
Date Acarina Prostigmata Mesostigmata T. floricolus
9/15.10.73 3814 43 § 43 ¥ 100}
16/19.11.73 74 125 ¢ 86 t 100 ¢
11/14.12.73 214 50 4 50 4 100 ¥
21/24.01.74 174 100 ¢ 60 ¢ 100 ¢
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INTERPRETATION OF RESULTS.

In the following sub-sections the reaction of soil Acarina to each of the
two fungicides was considered separately and then similarities in observed
changes are discussed.

Treatments are considered to have had an effect on the numbers of soil
Acarina only where results followed a developing pattern or trend. Where an
apparently significant difference occurred in the absence of such a pattern, it
was usually only at the 1 in 20 level and probably arose as an artefact of the

small sanple sizes.

The effect of triphenyltin hvdroxide (TPTH) treatments.

(Trials A, B, C, E/2 and E/3).

N -

(i) Effects on T. floricolus.

Tn each of the autumn/winter trial series A, E/2 and E/3 there was a

significant and progressive fall in the numbers of T. floricolus in treated

plots. While the percentage reduction in the numbers of this species appears
similar after a single application of Lkoth the lowest (trial E/3) and highest
(trial A) dose levels, in trial E/2 - in which the total quantity of fungicide
administered was the same as for trial A - a considerably greater reduction was
recorded. Although treaﬁrent on four separate occasions in trial E/2 (rather
than as a single application in trial A) might be responsible for the greater
effect in this trial, it is also possible, perhaps more likely, thét the magni-
tude of changes in the two years cannot be campared directly. This might be
the case if the populations being studied in the two years were in a different
state, perhaps containing more or less individuals vulnerable to treatment, thus
for example giving age differences in mortality as found for mollusca by Frick

and Jimenez (1964). Furthermore, the differing weather conditions during these
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trial pericds may have affected the efficiency of triphenyltin, its uptake by
fungi and therefore availability, through feeding, to the mites. Clearly there
will ke many more variables of this nature which are beyond the scope of this
study. Camparison of &ids E/2 and E/3, which were conducted concurrently and
therefore not subject to these variables to the same degree, certainly indicates
a relationship between the level of dose and response of T. floricolus.

In series B and C which were carried out during spring and early summer,

no dose response effect was evident.

(ii) Effects on 'Other' Prostigmata.

In ser_2s E/2, the 1. 2:0 level of “TH treatment, 1 significantlr *gher
number of Prostigmatids was recorded fram treated plots on all sampling
occasions. This did not occur consistently, however, in the earlier trial at -
this do_se-level, trial B, although a similar reaction of this group was suggested
under the higher dose levels in trial C. Iﬁ contrast, there is no indication
on any occasion of sampling that a similar increase in 'Other' Prostigmatids
occurred wnder the highest dose levels in trials E/2 and A. In the latter, in
fact, percentage changes sug,est a decline in this group.

Once again there is difficulty in relating the responses of mites to
similar dose levels between the two years in which trials were conducted. Some
variables which might contribute to this have been mentioned in consideration
of the changes in the numbers of Tarsonemids, but there is the further possi-

bility here that the species camposition varied between years.

(iii) Effects on Mesostigmata.
Following treatment in trials E/2 and E/3, consistently lower median
densities of Mesostigmata were recorded. Although this reduction in numbers

was significant only in the second and fourth months post treatment, a real
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effect of treatment is suggested on the basis of percentage change in median
densities. A similar response is not evident in series A, but in series B and
C median densities of Mesostigmata in treated plots were lower than densities in
control plots over periods of 3 and 4 months respectively. These differences

vere, however, rarely significant.

(iv) Effects on Total Acarina.

The contrasting changes in densities outlined above are reflected in
different responses of total Acarina. In the two autum trials, A and E/2,
vhich involved a treatment equal to the total recommended agricultural dose,
although differing in the regime of treatment. a fall in the total number Jf
Acarina in treated plots was recorded. In contrast, the same level of treatment
in series C, -whi'ch was conducted in spfing, was féilowed by an increase in total
Acarina. -

Similarly, diffe'rences in response according to season were shown at
lower levels of fungicide application. An increase in total Acarina followed
treatment ir spring (trial B) whereas treatment in autumn (trial E/3) produced

no change in the itotal numbers of mites.

The effect of triphenyltin acetate treatment. (Series D/1, D/2, D/3 and E/1).

Since all TPTA treatments were carried out at the same time of year, under
similar edaphic conditions, the results are more dire_ctly camparable than for

the TPTH trials and can be interpreted more briefly.

(i) Effects on T. floricolus.

In each trial series the densities of T. floricolus were reduced in treated
plots. These reductions continued after the treatment until numbers reached

very low levels. Under the highest dose rates, only occasional individuals
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survived four months after treatment. At the lowest dose levels (D/1) the

reduction in numbers was less severe and on one sampling occasion was not

significant.
(ii) Effects on 'Other' Prostigmata.

The numbers of 'Other' Prostigmata increased markedly following the
lowest level of TPTA treatment (D/1). A suggestion of such an increase was also
obtained after the highest single dosage application (E/1), but not after the
same absolute dose level given as four separate treatments (D/2) and not at

the highest level of treatment (D/3).

(iii) Effects on Mesostigmata.

| In trials D/3 and E/1 there was a sighificant ?reducti&u in the nﬁhberé of
Mesostigmata following treatment, but in trials D/2 and D/1, although there were
percentage reductions in numbers which were consistent, the differences were

significant on only one occasion in each trial.

(zv) Effects on Total Acarina.

| As noted in relation to the effect of TPTH treatment, the total numbers of
mites recovered in samples fram TPTA treated plots depends on the relative
abundance of different groups and the manner and degree to which they are
affected. In general, small doses of TPTA which produce a modest yet significant
decline in numbers of T. floricolus and the Mesostigmata, rarely produce a
significant decline in total Acarina since there is a compensating increase in
the group 'Other' Prostigmata. At higher levels of TPTA treatment where the
numbers of 'Other' Prostigmata do not change significantly, the fall in

T. floricolus and the Mesostigmata is reflected directly in a significant

decline in the total numbers of mites.



THE EFFECTS OCF ORGANOTIN AGRICULTURAL

CHEMICALS ON SOIL ACARINA - DISCULSSIONMN

AND CONCLUSTIOMNS,

THE EFFECT= OF TPTA AND TPTH WHEN SPRAYFD AT RECOMMIMDED CONCENTRATTONS AND

REGIMES OF TREATIENT.,

N\ -

)

Results from my field trizls at Durham demonstrate that both TPTA and TPTH
may recuce the totzl numbers of Acarina occurring in autum in agricultural soils
if applied at levels of Gosage recammenced dy menufacturers and the Ministry of
Agriculture. In this sub-section, the action of TPTA and TPTH as auturm treat-
ments only is discussed (namely, treatments £/2 and L/2 respectively), since
these provide comparable data fram which to generalise. An equivalent treatment
with TPTH in spring (trial C) is considered in a subsequent sub-section of this
discussion. However, it is important to recognize that summer treztment is
more lilzely in agricultural practice and, therefore, none of my trials precisely
correspond with this use.

Partial separaticn of the Prostigmsta revealed tl'.at-although certain species

(namely, Scutacarus (v) montanus and the two unidentified species belonging to

the genus Pyamephorus) appeared to ke unaffected by administration of TPTA ancd
TPTH in auturmn, the small fungiferous mite Tsrsonemus floricolus disappeared

completely fram some samples within two months of treatment veginning. To both
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chemicals, therefore, the reaction of this species was very rapid. Other
Prostigmata, chiefly camprising Eupodidae and Tydeidae, whicﬂ amounted to some
20% of all Prostigmata by numbers during autum trials D and E, were as a group
unaffected. Oonceivably, however, this group might have included sorr\é species
adversély affected by treatment while others might have increased, thus campen-
sating -and maintaining overall densities no different from those -in the control
plots.

Reductions in excess of 60% in the numbers of Mesostigmata were recorded
from plots treated W1th both chemicals in autum. Since the Mesostigmata were
considered as a group without separation to species level, it is not known

whether TPTA and TPTH affected only one or two species cr all species.
| The Cryptostigmata and Astigmata occurred at densities too low to allow
adequaﬁé deueci:ion of-ahy efféct of tréaﬁrent, | I |

In general, the changes in densities of soil mites following the recommended
treatments with both TPTA and TPTH appear broadly similar and this is perhaps
not surprising, since it is likely that TPTA Iwhen in the soil might be convefted
quite quickly to its hydrolysis prcduct, namely TPTH. It might be that my
trials with the two chenicalé were in practice identical but I am not awere of
the rate of hydrolysis and, therefore, how likely this is.

Since TPTA and TP'IH may not affect all species of mites in the same Qay,
nor to the same degree, their influence on the total numbers of soil Acari will
~depend directly on the relative abundance of susceptible species. At other sites

treatment with these chemicals might produce a greater or lesser change in
numbers than o.ccurred at Durham. Furthermore, environmental factors which may
modify the effect of organotins, e.g. the adsorption to different types of soil

particles, climate, etc., will also differ from site to site.
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THE INFLUENCE OF LEVEL OF DOSE ON THE EFFECT OF TRIPHENYLTINS.

The autum series of treatments with TPTH (E/2 and E/3) and TPT2 (D/1, D/2
and D/3) énable carparisons to be made between the effect of the full recommended
agricultural dose and a dose of half this quantity, and also in the case of TPTA
of 1% times the recommended dose. Although the spring trials B and C are
identical to E/3 and E/2 respectively and might be expected to contribute to
this canparison, the degree of seasonal difference in the responses of those
groups and species which were separated does not permit this and they are con-
sidered in the next sub-sectioa.

For bcth TPTH and TPTA a dose-relate? mesmons2 is evadent in the post

treatment fall in numbers of T. floricolus and also in the post treatment

increase in numbers of 'Other' Prostigmata. In the case of T. floricolus,

trea:ci:nent with the full recomended agricultural doses of both chemicals brought
ébout almost complete extinction, with only qccasional individuals occurring in
samples after the completion of treatment. In contrast, after treatment with
only half the recommended dose, the density of this species in both TPTA and
TPTH treated plots remained above 500/m2.. Sinre the full reccmmendiad dose of
both TPTA and TPIH in trials D/2 and E/2 did not affect the numbers of 'Other'
Prostigmata significantly, it seems reasonable, in the first instance, to assume
that treatments had no effect on numbers of constituent species. However, since
treatment with half the recommended dose of bofh TPT's produced significant
increases in the numbers of the 'other' group, the constituent species mey be
responding differently when subject to different concentrations of organotins in
the soil. It seems possible that there may be a balance between (a) the benefits
of treatment to some species, which tend to inflate the numbers of the group.
and (b) the toxicity of TPT's to the same or different species within the group.
The increase in numbers of soil fauna under low doses of a more usually toxic

chemical is not infrequent and possible reasons why this might arise are
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discussed later (p. 63).

The Mesostigmata appeared to be affected to an equal degree by both half
and full doses of both TPTA and TPTH, the percentage reduction in treated popula-
tions in each case being around 65--70% of control populations. However,
‘mortality' may be related to the quantity of chemical administered, for TPTA at
least, since -in trial D/3 1) times the recommended dose depressed the population
far more then the full dose. Only occasional individuals were present in samples
three months after treatment in this trial.

From studies with other agricultural chemicals (Edwards, 1969) it seems
likely that the effect of TPT's will not be proportional to the dose but more

nearly logaritlmic.

THE EFFECT C SEASON UPON THE ACARTCIDAL ACTIVITY OF TPTH.

Only for TPTH have I camparable records for treatments in spring as well as
in autum (suturn series E/3 and E/2 are identical to B and C in spring). Over
" the four month post—treatment period for which each trial was studied, the overall
impression was that in spring popuilation changes in experimental plots were
erratic and differences with respect to control populations less marked, compared
with their autum counterparts. This may be illﬁstratéd, for example, with
respect to the Mesostigmata. In both the autum series E/2 and E/3 , signifi-
cantly lower numbers of this order were collected from treated plots in the
secord, third and fourth months after treatment, whereas in the spring trials
B ané C a similarity in terms of consistently lower densities in treated plots
was significant on only two occasions in trial B and on one occasion in trial C.
A particularly conspicuous contrast in the results of these replicate trials

was provided by the response of T. floricolus which, although having shown a

marked fall in numbers after treatment in the preceding autumn (series A), failed

to show a decline in spring - in fact, there was a suggestion of a rise in the



population in treated plots, although this was not significant. However, in the
following autum, in series E/2 and E/3 the numbers of this species dropped
drastically after treatment, confirming the preliminary findings.

Conversely, spring series C showed changes not evident in its autumn
replicate E/2, namely a significant increase in the numbers of 'other’
Prostigmata in sgveral months, rather than the absence of effects noted in series
E/2. The reaction in trial C was similar, therefore, to that in trial E/3 when
half the recammended agricultural dose was administered. This raises the
possibility that the effective toxicity of TPTH was for same reason less in spring
than in autum. This is supported by the fact that (1) there is a dose-related
response affecting Prostigmata including T. floricelus ar«i {?) thst *he re~munses
of all oroups was rather less definite, as already noted, trends being suggested
by percentage changes rather.thanuby a.seriés of significanﬁly different levels
of population. In contrast to the difference between trials E/2 and C, with
respect to the 'Other' Prostigmata, the response of this group in E/3 and B is
closely similar, and this detracts from the notion that spring application is
less toxic than in autum as it does also, of course, from the idea of a dose-
related response. However, since it is likely that the relatinmmship hetween
effect and dose level is not linear, there may be a plateauing in the beneficial
effect of TPTH which treatment levels in both E/3 and B have reached.

The reaction of Mesostigmata fits less well into the hypothesis that spring
treatment is less effective than autumn since this is the only group which
responds similarly at both levels of treatment in the different seasons. However,
differeﬁceé do exist, notably that the degree of reduction in density is consis-
tently less in spring and there is not the progressive change which is conspicuous
in autumn.

Lower activity of TPTH in spring may be attributable to seasonal differences
in climate and vegetation since these are known to change the effectiveness of

other organic pesticides (Harris and Sans, 1972), although this is not known for



TPT, at least against soil animals. Equally, however, the sensitivity of the
animals to treatment may vary seasonaily. For example, one feature associated
with the lack of effect on T. floricolus populations in spring is that treatment
- then acted upon natu.rally' declining populations, while in autumn and winter
populations were stable or falling only slightly. Further examination of such
seasonal associations is difficult in the absence of information about the.
general biclogy of the species involved. This may occur because mite populations
differ in character, for example, in age structure or in physiological state,

with individuals being, as a result, more or less sensitive.

THE EFFECT OF DIFFERENT REGIMES OF TREATMENT ON THE ACARTCIDAL ACTIVITY OF

TRIPHENYLTINS.

N

‘The f-eaction of the 'Other' Prostigmata to TPTA treatment provides the only
indication throughout this study that the regime of treatment (namely, whether
a single large dose or repeated small doses) | might have had scme influence on
the response of soil Acarina. This possibility is shown in the results of
trials E/1 and D/2. In both trials, total applications were equivalent to the
recamended agricultural dose but in the former the TPTA was applied only once,
whereas in the latter four separate treatments were given. 1In trial E/1, a
significant increase in the numbers of Prostigmata was recorded on two sampling
dates, two months and four months after initial treatment, while in trial D/2 no
significant difference in numbers occurred. Percentage changes in density
support this, with increases recorded in the second, third and fourth months
after treatment in trial E/1. The response of 'Other' Prostigmata in E/1 was
thus akin to their response when subjected to half this dose, but differed in
that in D/1 (half full dose of TPTA) the increase in Prostigmata after treatment
was highly significant on all sampling occasions. The reason why this differ-

ence occurred is not known.
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THE RECOVERY IN NUMBERS OF SUSCEPTIBLE SPECTES FOLLOWING TRIPHENYLTIN TREATMENT.

In each trial series (with the exception of series A) samples were taken
for a pericd of four months following the commencement of treatment. 'i‘his
period was chosen because (1) the half life of TPT's in the soil is around 140
‘days (Barnes et al., 1971) and if there was an acaricidal effect it would
develop within this period. (2) This was a convenient pericd allowing two
treatment series in a year, i.e. spring and autumn, since each series took around .
six months, allowing for the preparation of plots, etc. As noted earlier (p. 9)
time was a marticilarly limiting factor in this study.

Althouch the recovery in numbers of other soil animals after treatments
with highly toxic chemicals, e.g. Aldrin, DDT, etc. can e slow (Coleman, 1966),
I hoped, because of timé limitations, this would not be so in respect of TPT
treatments, in particular since immigration would probably be rapid in the
system of smell plots which I employed. Certainly I expected some indications
that recovery was beginning during the four mrsnth period after treatment.
Although I increased the sampling period following series 4, delay in the
analysis of subsequent samples fiom trial series B, C, D and E gave me no
opportunity to extend the sampling period. The net result of these difficulties
is that I am not able to establish the effective period of TPT treatments. All
the recorded responses of soil Acarina, including the positive effect of treat-
ment amongst 'Other' Prostigmata and the negative effect as shown in
T. floricolus, are maintained throughout the four month sampling period, both

at recomended dose levels and at half this level.

THEE PROCESSES BY WHICH TRIPHENYLTINS AFFECTED SOTL ACARINA.

Two directly conflicting effects of TPT treatment on soil Acarina have been

identified in this study: firstly, that treatment at recommended dosages nay
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reduce the numbers of some species, and secondly, that at low dosage it may
bring about an increase in the numbers of other species. This phenomenon is not
infrequently found in studies which attempt to assess the effect of agricultural
chemicals on soil fauna. For example, Sheals (1957) noted that, in plots treated
with DDT, the numbers of Collembola increased while the numbers of Mesostigmatid
mites were considerably reduced.

While field trials demonstrate the existence of deleterious or beneficial
effects of agricultural chamicals, a precise indication as to the mechanism
through which these population changes occur can be obtained only in laboratory
trials. In only a small number of studies has this two part approach been
oondurted and unfrrtunately Uine was not a-~ilalidle to underl Xke accrator, toials
in this study. Preliminary work to this end, namely the development of culturing

methods for T. floricolus, was achieved and this is described later in this

thesis.

77}

In spite of the absence of supporting evidence from laboratory trials in
my study, and the general scarcity of information from other studies, same of
the more likely possible mechanisms are briefly outlined and discussed below.

The fall ia aumbers of T. floricolus ard Mesosztigmatid nates may be
-explicable in terms of:

(a) Direct toxicity, that is mortality occurring as the result of ingestion of
and/or contact with the chemical. This might involve poisoning hut could include
an initial anti-feedant effect resulting in starvation.

or

(b) Indirect 'toxicity', whereby the treatment modifies the environment,

e.g. reducing the availability of a particular food, thereby irducing those
species which depend upon it to move or starve.

Since intoxication and death of mites through contact is known to require
almost complete saturation with high concentrations of TPT's (Bullock and

Johnston, 1968) and this is so also with respect to insects (Abo-Elghar and
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Radwan, 1971), this direct toxicity through contact is most unlikely to have been
the means by which reductions of mite populations in my study occurred.

However, TPT's act as stomach poisons, as has been established for a variety of
invertebrates (Asher and Nissim, 1964) and this route of intoxication seems most
likely in this study. That T. floricolus was particularly susceptible would
perhaps be expected since the hyphal material of fungi wupon which this species
is believed to feed (Wallwork, 1967) would probably be heavily contaminated

with TPT's.

Assuming that those species of Mesostigmata suffering a reduction in
numbers after treatment were predacious, like the majority of this order, for
direct toxicity to occur TPT's must have been ingested by way of contaminated
prey. This raises the possibility that prey species, and in turn the predators
themselves, were accumilating TPT's in body tissues, a feature which was not
found to occur in vertebrates (Barth et al., 1964),

The possibility that the reductions in numbers which I recorded might be
due to an indirect effect of treatment rather :than direct toxicity is a very
real possibility in view of the small size of trial plots which I used. Study

of T. floricolus in the laboratory indicated that this is a very mobile species,

capakle of moving quickly fram an adverse environment. It seems likely that
treatment of soils with TPT's resultsin severe depletion of soil fungi and,

therefore, a shortage of food for species such as T. floricolus. If the diet

_of this speci_es is quite specific, emigration from treated plots could result in
the decline of numbers collected in samples. Various herbicides are reported
to 6perate in this way a1.36 (Edwards, 1969).

Similarly, species of Mesostigmata might move from an area depleted of
prey species and the decline in numbers of T. floricolus - the most abundant of
the Prostigmata present in the study area - may have caused a food shortage for
predators, assuming of course that it was important in their diet.

With respect to the increase in numbers of 'other' Prostigmata also, both
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direct and indirect action of TPT treatments might be responsible. It is known,
for example, that small sub-lethal doses of same toxins may heighten fertility,
thereby resulting in higher population levels after breeding (Hueck, cited by
Sheals, 1957). However, this- assumes t;hat breeding and recruitment of young to
the population was occurring during the sampling periods in both spring (series
B and C) and autum (D and E). While same mites do breed several times in a
year, many soil inhabiting species breed only once annually. Promotion of
higher breeding success, therefore, seems unlikely to account for the increase
in numbers of Prostigmata, but this cannet be ruled out. Certainly increases
only occurrad at low dose levels of TPT and this conforms with this idea.
Frequently, increases in numbers in similar ~ircumstances bhave been attraimtd
to diminished predation, for example by Sheals (1957), Edwards (1969) and
Heugens (1%68), by way of being an indirect effect of treatment. Thus, in my
stud;r‘ the .r'eduction of predaceous Mesostigmatid mites might be the cause of the
increase in numbers of 'Other' Prostigmata. Such an increase might occur by way
of greater recruitment of young (if breeding occurs during the sampling period)
or by immigration. Since increases occur only at low dose levels of TPT's, it
is necessary to assume that some member species within the group of 'Other' -
Prostigmata are affected by direct or indirect toxicity and that the observed
increase in number in the group is a balance between toxicity and the effect of
diminished predation. Reduced competition might also create conditions under
which the 'Other' Prostigmata might increase. For example, the reduction in
numbers of T. floricolus in my s_tudy would have allowed this if this mechanism
was operating. Equally, however, members within the group of 'Other' Prostigmata
might be declining, allowing a disproportionate increase of (an)other species.
This would be hidden by the incomplete separation of the Prostigmata to species
level.

A further possibility is that treatment in some way created an attractive

environment for same species within this group and that,as a result, there was



immigration and numbers increased. Certainly treatment would have created an
abundance of dead and disintegrating fungal material which for saprophytic
species would be an attractive source of food. Increases in some species of

soil fauna after treatment with DNOC were similarly attributed to increases in

food supply by Karg (1964). .

THE IMPLICATIONS OF THE ACTION OF TRTIPHENYLTINS ON SOIL, MITES.

The direct toxicity of TPT's, including TPTA and TPTH, to various inverte-
brates and indeed to vertebrates, including man., was known at the becinnina of
my study. An acaricidal activity of these organotins was alsc known, a single
report of screening tests including TPTA and TPTH having been given by Bullock
and Johnston (1968). However, in ocommon with most research connected with the
selection of pesticides, at least in preliminary stages, no information appears
to have been gathered cénceming the effects of these chemicals on non-target
organisms in field situations. Regarding their effect on the functioning of
soil ecosystems, I am aware of only the study of Bollen and Tu {(1972) who found
that administration had no effect on soil microbial respiration and nitrification.

My choice of soil Acarina to demonstrate the existence of organotin toxicity
to non-target organisms was largely one of convenience. Perhaps on the basis of
known susceptibility, molluscs might have been a more reascnable choice since
several studies had demonstrated that very low levels of TPT's were effective
against this gfoup (Evans- et al, 1971). On the other hand, so as to establish
sare circumstantial link with avian predators (these were to be the subject of
a toxicological laboratory study as the second part of the original project)
probably larger soil invertebrates, such as tipulid larvae, would have been more

appropriate.

Notwithstanding these reservations, my work using soil mites has demonstrated



65

as an example, that soil invertebrates are susceptible to levels of organotin
administration which are used in agricultural practice and there are indications
that fungal feeders, and this includes a large number of species fram a variety
of phyla, are perhaps particularly susceptible. Furthermore, it is possible,
in view of the toxicity of organctins to the mainly predacious mites of the order
Mesostigmata, that these chemicals may accumlate in body tissues and are capable
of transfer=nce through food chains. In this final possibility lies a link to -
larger precatory invertebrates and ultimately to avian predators.

Although the Acari are a numerically abundant group within soils and are
an importart link in the food web of the soil ecosystem (Ghilarov, 1965), their
role in nutrignt cycling being of particular importance (Butcher et al., 1971:
..Richle; 1977), it is likely that most agricultural chemicals have no appreciable
effect on soil fertility. For example, Edwards (1969) in reviewing the effect
on é&ﬁl fértility of highly toxic chemicals, such as D.D.T. and Aldrin, concluded
that they had a relatively small effect compared with agricultural practices
such as cultivation, drainage and fertilizer.application. Bearing in mind that
it is in highly cultivated soils that organotins are used, it seems likely that
their use in quantities recommended for agriéultural treatment has no significant

effect on soil fertility or nutrient-cycling in the soil.
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"THE CULTURING OF SOIL MITES,

When it wes found in field trials that TPT's did have an appreciable effect
on certain soil Acarina, a sefies of laboratory trials was proposed whereby
zare facets of (he mxle of actiun of TkI's toxwcity wmight be discinguished, the
aim being to recreate, under controlled and easily observed conditions, situa-
tions similar to those occurring in field trials. I was particularly interested
to establish whether direct or indirect toxicity was operating in the field
situation.

It was necessary first to develop a successful method of culturing soil
mites which would facilitate their easy observation, . counting and handling.
Unfortunately, altough this was eventually achieved, as described below, time

did not permit a toxicological study to be undertaken.

THE CHOICE OF SPECIES FOR CULTURING.

On the basis of (i) its abundance during the early part of my study, and
(ii) the indications in trial series A that it was adversely affected by TPTH,

Tarsonemus floricolus was the obvious choice for attempts at culturing.

Furthermore, the Tarsonemidae are considered primarily mycetophagus by Wallwork
(in Burges and Raw, 1967), Karl (1965) and Evans et al. (1961) so that TPT's
might be expected to act both directly and indirectly against this species.

This choice of species has cdrawbacks, however, notably its small size, a
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feature requiring modification of established culturing techniques and creating
problems both in determining direct toxicity and in distinguishing toxicity due
to ingestion fram that due to contact with the chemical. Also, in common with
" a nunber of studies of direct toxicity to mites (Saba, 1971) only adult

T. 'floricoius were reliably identified and, therefore, only these could be used
for tests. No measurements are therefore possible of the effects of TPT
treatment on pre-adult and egg stages, which may be the most susceptible si:ages
of the life cycle. Successful long term culturing would, however, make this

possible.

Evans et al. (1961) review a number of methods suitable for culturing free
living Acari, three of which were tested for this study.

The smll size of adult T. floricolus, about 160 (M) in length and

80 - 85 ( jV\) in width, demanded the use of a microscope even for counting, and
established a number of criteria to be fulfilled by the culturing unit and

irdividual culturing cells.

(i) The cells had to be small, to save time .searching for the mites,l and to
keep disturbance of their environment to a minimmum.

(ii) Cells had to have a sufficiently closely fitting seal to prevent escape,
although not to prevent gaseous exchange.

(iii) where cells were grouped in a primary container uhit, this also had to
be convenient for frequent examination under the available low power microscope.
and each cell haé to be appropriately placed within it. For example, where the
primary container unit was too large it was impossible for it to balance on the
microscope stage while viewing all cells, and when square the central cells

within a large container could not be viewed since the edge of the container
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struck the trunk of the microscope.

(iv) The structure of individual culture cells had to permit the use of
indirect lighting under the microscope stage (direct lighting causes excessive
heating and fluctuations in the microclimate of the cells).

(v) The cells had to be sufficiently shallow to allow manipulation of the
mites within the cell while under the microscope. A fine paint brush was

generally used for this purpose.
These constraints , while not peculiar only to smaller mite species, are
rather mcre rigid than those necessary for the culture of species of

Cryptostigmeta, for example. The following culture methods were used:-

(a) A method using a plaster—soil substrate.

Following a design developed by Bdwards (in Kevan, 1955) and Rhode (1956),
a unit of culture cells was made camprising a plastic storage container,
8 x4 x 2 ins. (20.3 x 10.2 x 5.1 cm.) in which was laid a 2 : 1 plaster of
Paris and soil substrate to a depth of 4 inch (1.25 am.). Individual cells
comprised 1 x % ins. (2.6 x 1.25 cm.) diameter plastic specimen tube, these
being bisected with a hot knife, the bottam portion discarded and the top
inserted % inch (0.6 am.) into the substrate. The plastic stoppers of each
tube were perforated with holes of appropriate size. The lid of the storage
container was also perforated.

2An effective 100% humidity was maintained by periodically wetting the
substrate between the individual cells. Each container accommodated two rows

of eight cells.

(b) Micro-immersion filter culture cells.

Murphy and Doncaster (1957) developed a culture cell incorporating a

micro-immersion filter for studying the behaviour of predatory soil helminths.
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A similar system developed for this study is shown in Fig. 14,

The culture cells were made from a 5 mm. length of glass tubing of
approximately 1 cm. in diameter, fixed at one end to a sintered glass disc
with a porosity of 30 - 50 (M). This formed the base of the cell. The upper
end was ground with carborundum paste to give a tight seal with a glass cover
slip or section of glass slide. The cells merely rested in shallow filter
tubes and could, therefore, be removed easily for examination under the
microscope. The filter tubes were secured firmly to the perspex framework by
a rubber cramwet to prevent any movement resulting fraom flexion of the rubber
tube during irrigation. A plastic hypodermic syringe provided the water
reservoir.

High humidity was maintained in each cell by keeping the water level in
the filter tube just below the sintered glass base. This level was adjusted

every two days to conpensate for loss by evaporation.

(c) Perspex block technique.

Evans et al, (1961) descrike the preparation of small cells drilled in a
rerspex block. This technique was modified somewhat in my study, with the
following result.

Each unit camprised a perspex slab of 5 x 5 ins. (12.7 cm. sguare) and
12 inch (1.25 am.) deep, in which was drilled a number of holes forming the
individual culture cells. The use of this thickness of perspex reduced the
tendency of the material to warp. Each cell was around 6 cm. deep, 1 an. in
diameter and flat-bottomed. Four rows of four such cells were made in each
block, an arrangement which allowed at. least 1 cm. between each cell.

The substrate comprised a filter paper disc, cut with a cork-borer to bel
slightly smaller in diameter than the culture cell. The cells were sealed by
portions of glass microscope slides, anchored by plasticine. These were

sufficiently non-airtight to provide for gaseous exchange. A complete unit is
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shown in Fig. 14.

Four perspex blocks were stacked on wire shelves in a dessicator. The
base of the de sj/g:ator was filled with water and this provided a humidity around
100%. The vent in the 1id of the de si/gator was sealed with bolting. silk so as’
to reduce the rate of evaporation while maintaining adequate circulation of air.

The filter paper discs were periodically wetted with distilled water to

ensure'a high humidity was maintained within the cells. The use of filter paper
as a substrate for culturing small arthropods has been criticised since it also
provides a good medium ‘for fungal growth which can, if unchecked, overwhelm the
culture cell. Edwards (in Kevan, 1955) recommends use of a 1 : 10,000 terpinol
soluticn te prwent fungal growt:, while t'+~ criginal per-mex blcck techrigre
(Evans et al., 1961) dispensed with the use of filter paper. In my study,
however, no undue proliferation of filamentous fungi was seen and it seems likely
that any growth simply provided additional feeding for T. floricolus. Globular,
mucilagenocus fungal growths did cause occasional cells to be abandoned but not
often enough to require the use of fungicide, which would have complicated the

proposed feeding experiments.

PRECAUTIONS COMMON TO ALL CULTURE METHODS.

In all trials the culture units were stored in a constant temperature
cabinet at 10°C. This approximates to the soil temperatures near the soil
surface during the day in most of spring and autum and is assumed, therefore,
to represent acceptable if not near-optimum conditions. The light regime,
while perheps of no great significance, was maintained at eight hours light in
every 24 hours, approximetely mid-winter conditions and a photoperiod unlikely
to initiate changes in behaviour.

The maintenance of constant temperature reduced the problem of condensation

within culture cells, a problem which occurred with each method, although
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considerably less often with the immersion filter technique. T. floricolus was

vulnerable to becoming trapped in droplets of condensation on the walls of

culture cells, although in practice this occurred infrequently since if a suitablel

food was provided the mites rarely strayed from it. Same reduction of condensa-
tion was achieved by the use of de-misting or water repellant coatings such as
Sigmacoat (R): this was used on the cover glasses.

Microscopic examination inevitably involved an increase in temperature and
fall in humidity since it required removal of the cover glass and exposure to
laboratory temperatures of 15 - 20°C, and when returned to lower temperatures,
oondensation ccourred rithin the cells. Fluctuatirns in temperatire end
humidity also affected the behaviour of mites and, if irvolving physiological
stress, could have affected any experiments adversely. Such problems were ming--
mised by making microscopic examination as brief as possible and using indirect
lighting.

Provided that adequate food was available, mites shéwed 1‘16 tendency to hide
beneath or actually burrow into the filter paper substrate used in the perspex
block te-Mnigue. Fuans 2t al. (1961; —-zcvords? this p"f?nb:" am as being =cute in

sSQme cases.

DETERMINATION OF SUTITABLE FOODS FOR CULTURING.

After a number of trials using mosses, moss protonema and yeast, the fungal
camponent of the pleurococcus association was found to provide attractive feeding
for T. floricolus.

Althéugh pleurococcus taken directly fram trees provided little attraction
to the mites, after "incubation" in the culture cells for about one week at
10 - 15°C the fungal camponent of the association, previously very much suborﬂin-—
ate, became daminant and a dense "down" of hyphae developed over the algal

cluster. The breakdown of such associations under laboratory conditions is a




common phenomenon, for example with lichens.

It seems likely that more than one fungus was associated in pleurococcus,
but apart from classifying them as belonging to the "imperfect fungi'" no further
identification was made. The same fungal group is widespread in soil, but no

attempt was made to isclate and identify the actual foods utilized by

T. floricolus in the field study area. While all forms of hyphal development
fram pleurococcus were eaten by the mites, fungus developing fram bark fragments
proved unpalatable and was removed.

Following seven days' incubation of the food, almost all T. floricolus
introduced into the culture cells began feeding on the hyphae within two hours.
Once established, they rarelv moved away firor *he foud sour 2. previded that de
quantity of mycelium was -adequate. However, pr.ovision of large cuantities of
pleufococcus created so much hyphal growth that, although it did not appear to
harmper the activities of the mites, it made counting them difficult.

For the size of culture cells employed and with the temperature and humidity
conditions chosen (10°C and approximately 100%) it was found that 2 - 3 fragments
of pleurococcus, each 3 ~ 4 mm. in diameter, generated sufficient hyphal growth
for 6 - 8 mites, and that a good balance betweer growth ard grazing was achiieved
quickly. This small quantity of pleurococcus did not impede counting, an impor-
tant feature in view of the need to minimise disturbance of the micro-environment
of the culture cells,as noted earlier in this section.

Some pfeference was shown by mites for feeding on the shorter, more recent,
growths of hyphae. Also, growth from some clumps of pleurococcus appeared pre-
ferable to others, but these aspects were not investigated further. |

When collected, T. floricolus had a distinctive green and gold colouration.
This was retained during culturing but some intensification or darkening of the
green colour occurred. This may have been the result of ingestion of some algal .
food but this was not observed. Alternatively, the hyphae were perhaps utilizing

and breaking down the pleurococcus algae and might, therefore, take up same
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chlorophyll.

The balance between hyphal growth and grazing by T. floricolus could be
maintained with only slight changes in the quantity of food material, for more
than one month, and even at the end of this test period s'howéd no sign of
breaking down. While it must be assumed that the pleurococcus algae were under-
going same breakdown to provide the fungal growth, this was not evident and the
algae appeared to remain healthy. Howevér, as a precautionary measure, fragments
of pleurococcus were usually removed after about three weeks. During this
period the fungi of the pleurococcus showed no tendency to invade the filter
paper substrate.

Initially, suitable food smuirces were also sought for both Smutacz:uvs
(Variatipes) montanus and the Pygmephorus sp. but the search was discontinued

when a suitable food was found for T. floricolus. Neither of these other two

Prostigmatid species fed on the algal or fungal camponents of pleurococcus
(each similar to those occurring in soils), although these foods are suggested
by Wallwork (in Burges and Raw, 1967).

However, both Tectocepheus velatus and the Oppia sp. found in the sampling

area fed satisfactorily, again for periods of over one month, on the pleurocnccus
algae. Carbined culturing of both these species with T. floricolus proved quite
feasible, although requiring more food material and, therefore, more time to

camplete counting, thereby exaggerating disturbances of the micro-environment.

THE CHOICE OF CULTURING METHODS — OVERAILL, APPRATSAL.

Each of the culturing systems I tested had a number of disadvantages,
largely fram inadequacies in design which could have been overcome by refinement
of the techniques:; but time did not allow this.

Below, the principal drawbacks for the culturing of T. floricolus (and

other small Prostigmata) are itemised.



Method (a), Using a plaster of Paris/soil substrate:

(i) This sytem, designed primarily for larger mites suchk as the Crypto-
stignata, proved cumbersome for microscopic examination. Manipulation within
individual cells was also difficul£ because of the depi:h -of thé cell. | A mJ.nlmum
depth was fixed by the need to use a stopper to each cell rather than a glass
cover. The stopper itself also had to be searched for mites.

Aii) 'ﬂavj.ng a solid base and being rather large, the culture unit proved
difficult to illuminate adequately.

(iii) All unit systems for culturing suffer from the fault that, while cne

cell is being examined, all others are subjected to environmental disturbance.
This problem was exaggeratsl with using this system since; for reasons nrted

above, examination was prolonged.

Method (b), Micro-immersion filter technique:

This system was generally preferable for detailed study, since individual
cells coulé be examined easily without the need to remove the whole unit from
canstant corditions. Furthermore, the individual cell was more convenient for
microscopic examination than either of the wunit systems.

However, the technique had the following problems:

(i) The system was essentially unstable. For example, the cover glass was
held in position simply by friction: there was no means of attaching it more
firmly. It proved very easy for the cover glass to shift even as the incubator
cooling unit stopped or started, but pa:ticula;‘ly when exclusive use of constant
temperature facilities was not possible.

(ii) while the cells themselves are small, the whole framework of the unit
occupies a considerable space, again a problem where facilities are limited and
when a large nunber of replicates are required in an experiment.

(iii) The system recuired more frequent irrigation than for the other systems

tested and, therefore, created somewhat more physical disturbance of the
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cultures.

Method (c), Perspex block technique:

This method cambined a number of good features. It was easily illumina-
ted, campect for storage and both the individual cells and the unit as a whole -
were easy to manipulate under the microscope.

Minor problems included:

(1) The tendency of the plasticine anchoring the cover glass to harden at
10°C so that it was difficult to re-use.

(ii) - Cordensation, which occurred on the perspex block when it was removed
frar low tenpermtrres, prevontad good adhesion of the plasti-~ine vwhen remlzoing
the cover glass. When condensation occurred rapidly, the cover glass adhered
firmly to the perspex.

(iii) The need to open each culture cell to add water to the filter paper
substrate. Normally, however, this was necessary only once weekly ard was

carried out after routine examination.

.On the banis of these investigations, I concluded thet methods (b) end
(c) were the more useful for this study, the former more appropriate for
frequent examination (perhaps the study of behavioural changes), the latter
more suitable for provision of large mumbers of replicates, requiring less
frequent attention, where counting the numbers of mites is the principal objec= -
tive.

Proposals for employing these culturing techniques in laboraetory tests
to establish more precisely the means by which mites are affected by. triphenyl-

tins are outlined in Appendix 3. Unfortunately, sufficient time was not avail-

able to undertake this work.
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OBSERVATIONS ON THE POPULATION CHANGES

AND ABUNDANCE OF MITES WITHIN THE STUDY

AREA AT DURHAM,

Whilst the pericd of my study., savewhat less than two years, must be con-
sidered inedequate to demonstr:ate any long term regqularity in seasonal changes
in the density of soil mite populations, the monthly frequency of sampling does
enable same details of the short term changes to be established.

The results presented in this section are based largely on the densities of
mites recorded in the control plots of each experimental series. Spall numbers
of additional samples were taken during the intervals between the beginning
and end of different trials and for a period of seven months after the final
trial series was terminated.

Since soil cores were taken to a depth of only 3 am., the results I
obtained do not necessarily represent absolute population levels. They do,
however, show the pattern of seasonal change. The validity of this pattern
assumes that similar changes in population density (although not necessarily of
equal magnitude) occur in soil levels below 3 cm. throughout the year. While
this wés not tested in my study, more rigorous examination of vertical movements
of mites, for example by Curry (1971), support this assumption for all major
groups except the known deep-living Acari, such as the Rhodacaridae (Evans,

1961). Notwithstanding the fact that my records do not give an exact measure



78

of the density of mite populations, it is possible to provide some interesting
canparisons with other studies in terms of the abundance of mites in the upper

layers of the soil.

THE PATTERN OF SEASONAL, CHANGES IN MITE POPULATIONS AT DURHAM.

' The seasonal variations in populations of the numerically important groups
of Acari and of three single species of Prostigmata are given in Figs. 15 - 20.
Each individual point in these figures represents the median density per square
metre based on 16 or more samples. For each observation the median and mean
lues and 1 standard err-7 of the mean o tabuizted 1+ Acperdix 4.

Two major ‘groups of mites, the Cryptostigmata and Astigmata, have been
included only in the total counts of mites (Fig. 15 ), since each of these
orders occurrgd in very small numbers in my study area. Although the variety
of species of Cryptostigmata increased during the study period, no statistically
significant increase in density was found of the group as a whole. Of the
Astigmata only a single Schwiebia sp. was recorded regularly in samples, often
orly as occasioral individuals.

Fig. 15 shows the seasonal variation in density of all mite species during
my study, and -indicates maxima in November 1972, May 1973 and June 1974. The
irreqularity of changes in density of total counts of Acari is common to most
studies of mites and stems from the composite nature of this total, whereby
peaks in numbers are frequently due to a single extremely abundant species
rather than to an increase in all species or even a single order. For examplé.
Macfadyen (1952) found that seasonal variatic;n in total Acarina in a fen soil
was principally due to the fluctuation in a number of species of Cryptostigmata.
Although hitherto considered unusual, early summer peaks were also observed by
Curry (1971) and Dhillon and Gibson (1962), and by Bdwards et al. (1967), and

in each study were due principally to changes in the abundance of a small number
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FIGURE 15: THE SEASONAL VARIATION IN THE TOTAL NUMBERS OF SOIL MITES.
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of dominant Prostigmata.

With the exception of the last two months of my study, the density of
Mesostigmata (Fig. 16 ) showed very little fluctuation. However, in both 1973
and 1974 the lowest median densities were recorded in late winter and higher
values in autum and symmer. Similarly, only slight variation in the density of
Mesostignata was found by_ Sheals (1957) in uncultivated mineral soil and .by
Evans (1955) in a soil of a Sitka spruce plantatiop. The pkeqmenon appears to
be widéspread iﬁ BritalinI (Waiiwork, 1967) and may result fram the similarity of
Mesostigmatid comunities, with common, widely distributed species having a wide
tolerance of physical con_ditipns (Evans, 1961). However, this relative stability
of "d'ens.itlies. may be true of -only the upper soil layers. Curry (1971), for
example, found little variation in abundance of Mesostigmata in the top 3 cm. of
old pasture, but greater seascnal variation at deeper soil levels. A similar
pattern was found by Dhillon and Gibson (1962) who took samples to a depth of
9 ins.

The numbers of Prostigmata, Fig. 17 (P-Xéluding the species shown separately
in Figs. 19 - 20) show very abrupt maxime in May 1973 and June 1974, with
relatively steady population levels 't}mugTDﬁt. the other months of the year.

The magnitude and rapidity of development of the maxima, and the existence of
only a single annual peak, probably indicates that only a few species, perhaps
only one speciés, were involved, with most species remaining at steady levels
throughout the year as found by Evans (1955). Dhillon and Gibson (1962) and
Curry (1971) both found maxima in Nb}}/June but also recorded a mid-winter peak.
In both of their studies, the Prostigmata were dominated by the genus Eupodes
and this was the most important group of my category of 'Other' Prostigmata.

It is possible that the peak population density I measured arose from
closely synchronised maturation to adult size and behaviour, the new year class
thereby becoming available for extraction by the techniques I used. This

occurs, for example, in grasshoppers (Richards and Waloff, 1954). Tre equally
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rapid falls in numbers following the maxima may be interpreted in terms of
predation as, for example, shown in the predator-prey oscillations of mites
in laboratory culture (Huffaker, 1958). Climatic changes are capable of provid-
ing "crashes" in population {(Andrewartha and Birch, 1954) but this would be an
unusual event and it would be unlikely to produce a similar decline in succes-
sive years. An alternmative or additional explanation of this decline (or
perhaps of both the increase and decline) is that individuals of the specie(s)
concerned were moving from,and possibly into,the 0 - 3 am. soil level which I
sampled. 7Thus, the maxima I recorded might represent the movement of adults
into the G ~ 3 om. level either from the surface vegetation or deeper soil
levels to corulate or lay =wige. the adults reiruming to their more usual! habitat
after this function was completed. Egqually, if the situation initially
proposed oﬁcurred, that is a synchronised maturation, there may héve been
emigration of newly developed adults to a different habitat. Certainly Riha
(1951: cited by Sheals, 1957) found J'.nmature_ Cryptostigmata inhabiting different
habitats fram the adults and considered that seasonal minima were occasioned
by migration of adults to other habitats for reproduction. Sheals considered
this a reasonable explanation for the absence of immature individuals of scre
species of Cryptostigmata and Mesostigmata in his samples.

For Tarsonemus floricolus (Fig. 18 ) the very high densities recorded in
the 1972/73 winter did not recur in the subsequent winter. The reason for
such year to year variation, a frequent feature of species populations of Acari,
is not explicable in terms of gross climatic variation, since both years of my
study had broadly similar patterns of temperature and rainfall (Fig. |.)
The absence of any other species of Prostigmata with a discernible winter peak
in population density allows no similarities or contrasts to be drawn. Further-
more, although-it seems thet only a single annual peak occurs in numbers of
T. floricolus, the life cycle is insufficiently well-known to correlate its

timing with climatic conditions.
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As mentioned earlier, the vegetation of my study site was established by
re-seeding only 18 months before the study began. It seems likely, therefore,
that the micro-arthropod fauna was undergoing transition to that more typical of
mature pasture. This process may have been accelerated samewhat by the absence
of regular mowing after my study began, and subsequently only a single pre-
treatment cut was made for each experimental series. The taller vegetation that
developed would shade the soil éurface and this might have greatly modified the
_ soil microe—climate, especially the moisture conditions, within the study area.
It is possible, therefore, that the absence of a resurgence in the numbers of

T. floricclus in the 1973/74 winter may represent a permanent reduction of this

species as vert of this transition process. Although Edwards et al. (1967)

found small numbers of Tarsonemids in arable soil, the only published record

of the gerus Tarsonemus occurring in soil in high numbers comes from a study by
Davis (1963) where it occurred in pasture of 12 years standing, whereas in

truly permznent pasture the family seems rare. Furthermore, Davis found
Tarsonemids during sampling in mid-November thch coincides with the highest

levels of population at the Durham site. Previously, T. floricolus has been

nore usually found in association with stored cereals (Hughes, 1959) rather
than in soils.

Two other findings of my study support the idea of a faunal transition
-occuwrring: firstly, the increased density and divérsity of Cryptostigmata, a
group more characteristic of permanent pasture (Loots and Ryke, 1967; Evans
et al., 1961) and adversely affected by cultivation (Sheals, 1957), and
secondly, the progressive-increase in density of a previously uncommon species
of Prostigmata, Scutacarus (Variatipes) montanus (Fig. 19 ). Davis (1963)
found this genus to be abundant in mature pasture but uncommon in adjacent
disturbed soils. The genus was also abundant in the established pasture studied
by Curry (1971).

The genus Pygmephorus (Fig. 20 ) showed maxima in May and June in both 1973
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FIGURE 19 : THE SEASONAL VARIATION IN THE NUMBERS OF SCUTACARUS (VARIATIPES) MONTANUS .

Each point of the graph represents the mean of 16 samples.
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and 1974, at about the same times, therefore, as the unseparated groups of
Prostigmata (Fig. 17 ). The regularity of this peak contrasts with the
irregular fluctuations of this genus recorded by Dhillon and Gibson (1962) who
recorded peaks in September, December and March as well as in May. The single
annual pezk recorded in my study suggests the presence of only a single genera-
tion per vear in the specie(s) present. If this is a cammon feature of the
genus, it would seem likely that the study area chosen by Dhillon and Gibson
contained a number' of species eaéh of which reached peak abundance at different
seasons. Similarly, Currey (1971) found a May/June peak for this genus in two
successive years, ut an autum peak also. Unfortunately, in both these

. studies gnd irn mv own, the zoecies of the ~2nus Brgmephornris, ere 1,07 sepaled
but since each study was made in a similar habitat -~ grassland developed on a
clay soil - it is possible the May/June peak densities recorded in each study
were of the same species.

Since no detailed study was made of seasonal variation in soil factors
(soil moisture, pH, soil temperature, etc.) within the sampling area no attempt
has been made to find correlations between population changes and gross climatic
changes recorded at the Durham Meteorological Observatory.. T lthough these
environmental variables are likely to be important, the relationships are
probably complex, and even a thorough investigation of soil factors by Dhillon
and Gibson produced few significant correlations. Similarly, Sheals (1957)
found no correlation between seasonal changes in population of Cryptostigmatid

species and gross climatic variation.

THE ABUNDANCE OF MITES IN THE STUDY ARFA AT DURHAM.

The median and the ranges of mean density exhibited by the major groups
of mites and by three species of Prostigmata throughout the period of study are

tabulated in Table 20 (densities being expressed as the numbers of mites/



TABLE 20:

THE MEDIAN AND THE RANGES OF MEAN DENSITY EXHIBITED BY THE MAJOR GROUPS OF

MITES AND BY THREE SELECTED SPECIES OF PROSTIGMATA DURING THIS STUDY.

Groups seperated. Median mean density Maximum pean Minimum mean
T per square metre . density density
‘Total Acarina : . 23346 58150 6843

All Prostigmeta ' 15805 54622 4627
Mesostigmata 3055 8953 1651
Cryptostigmata 159 _ 618 0
Astigmata 75 2384 0
Tarsonemus floricolus 3858 47733 274
Scutacarus montanus 1183 8918 53
Pygmephorus spp. 2207 13554 53

‘Other Prostigmata 2701, 19037 1042



In each case the density of mites are expressed as the mean numbers/mz.
the value given is the mean of z2ll samples taken over a 1% year period.
the period of sampling varies and is frequently less than one year.

Author (s)

Evans (1961)*
Evans (1955)*

Macfadyen (1952)
Sheals (1957)*

Curry (1971)**
Dhillon and

Gibson (1962) **
Sheals (1956)*

Davis (1963)

Davis (1966)

This study

TABLE 21: THE ARUNDANCE OF SOIL MITES IN DIF:'ERENT HABITATS.

Habitat

Oak Woodland
Sitka Spruce

Plantation
Fen Soil

Permanent
Pasture.

Permanent
Pasture

Permanent
Pasture

Recent
Pasture

Unreclaimed

Quarry
Arable

Recent
Pasture

Total Acarina

For my study,
For other studies,

405,000
99,000

77,600

33,220
77,1C0
24,900
12,2170

7,742

15,374

23,937

Prostigmata Mesostigmata Astigmata Cryptostigmata
87,000 28,000 6,000 284,000
35,000 5,000 2,000 57,000

2,000 6,000 600 69,000
3090 9,000 5,000 19,000
15,600 21,600 2,300 36,600
15,900 8,200 500 300
200 4,000 3,000 5,000
1,498 3,970 497 1,777
1,995 4,890 334 . 8,155
20,152 3.554 157 74

N.B. * These records are also shown in Evans et al. (1961).

** These values are calculated from histographs since no tabulated data are published.

06



sqQuare metre).

These figures have been extracted from the complete tabulated records in
Appendix 4. In addition to the category of 'Other' Prostigmata, this having been
used exclusively in previous sections of this thesis, Table 20 gives the
densities of ‘'all' Prostigmata.

Comparison with the results of other studies is frequently difficult since
the data on population densities are usually incomplete in published accounts
and the brisf consideration here did not warrant review of unpublished material.
In Table 21 the mean densities of the major orders of mites determined in a
mmber of cther studies is shown. These cover a variety of -habitats and include
most published British studies concerning soils in agricultural use. Sinre the
frequency cf sanpling, depth of samples, extraction techniques and the season
of sampling, etc. vary considerably amongst these studies and my own, camparison -
musé\bnly'be superficial and inevitably all similarities and diffefences require
qualificatioﬁ. Notwithstanding these difficulties, some interesting camparisons
may be made. |

Since cdecaying organic matter directly or indirectly (e.g. by supporting
algae or fungi) jprovides food for the majority of soil mites. it is not
unexpected that densities of mites are highest in soils where the organic content
is high, for example, in woodlands where there is a well developed litter
(Evans et al.,'1961).. At the opposite end of the scale from woodland is the
unreclaimed quarry studied by Davis (1963). Differences in soil pore size,
moisture content and other camponents of micro—climate which also influence mite
densities, tend to be positively correlated with the organic content of soils and
for purposes of simple comparison no distinction is warranted. Thus, between the
two extremes referred to above, lie soils subject to agricultural use. They
generally contain lower levels of organic material and are increasingly subject
to periodic cultivation (a process which disrupts the developrent of a surface

litter), and perhaps to drainage and artificial fertilization. The various
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effects of agricultural practice on micro-arthropods are reviewed by Edwards and
Lofty (1968). Where cultivation is infrequent and pasture may be retained on
a semi-permanent basis, the vegetation sward becomes matt-like, the diversity of
plants increases and a distinct humus layer develops. In these situations the
densities of mites may approach those 1n monoculture woodlands, such as Sitka
spruce plantation (Evans, 1955), for example, within the permanent pasture
studied by Currey (1971). Sheals (1957) and Dhillon and Gibson (1962), also
‘studying cld pasturés, found substantially lower densities of mites than -
recorded ty Curry. In the former, the difference was probably due to an under-
estimation of Prostigmata arising from the use of a floatation extraction
technique, widloe in the lalter the very low mmYers of Crivptostigmata fc.nd
were attributed to the low moisture content of the soil in their study area.
The densities of mites in recently established grassland, such as that
sampled by Sheals (1956) and my own at Durham, are lower than for permanent
pastures and thus fit the general pattern of association between the numbers of
mites and the development of a soil profile with a definite humus layer.
Sheals' records in this instance seem again to be deficient in the numbers of
Prostiagmata and this is true also of the arabile soi_l and unreclaimed quarcy
soil studied by Davis (1966 and 1963). This is an important contrast with my
study and probably hinges on the fact that in each of these three studies a
floatation extraction method was used. Although the recovery of Prostigmata by
floatation methods was no lower than by dynamic techniques in a camparative
study of _extraction methods by Edwards and Fletcher (1971), Evans (1951) did
.find this fo be the case, the recovery of the smaller more delicately kuilt
Prostigmata being particularly poor. This is important since it is these
smaller species which probably predominate in campact cultivated soils. It is
of interest that in my study the densities of Prostigmata approach most closely
those recorded in permanent pasture by Curry (1971) and Dhillon and Gibson

(1962) . This suggests that the Prostigmata had recovered rapidly in numkers,



if not in diversity,following previcus arable use. In both their studies,
high gmdien£ extraction methods, similar to mine, were employed.
Had it not been for the high numbers of Cryptostigmata recorded by
Curry (1971), the paucity of this group identified from the sites studied by
Dhillon and Gibson (1962) , and more particularly at Durham, might have been
attributed to the use of a high gradient extraction method in the same way that
I have interpreted the scarcity of Prostigmata in other studies. However,
other stucies-of agricultural-soils support the likelihood of very low -
densities of Cryptostigmata. For example, Edwards et al. (1967) found high
numbers of Prostigmata associated with a complete absence of Cryptostigmata in
an arable field situation. Unfortunately, their piklishaed results are not
presented in a way that enables calculation of the absolute densities of mites:
therefore direct camparison is not possible. But at least this shows that my
results with respect to the Cryptostigmata are not necessarily atypical.
Clearly a variety of factors operating_in agricultural soils, in addition
to the presence of low levels of organic matter, conspire against the develop-
ment of high densities of Cryptostigmata. Butcher et al. (1971), for example,
consider that this order of mites in particular might be greatly influenced
by the water content of soils and the pore size and .living space available in
upper soil layers. Since the site I sampled at Durham, having been seeded with
grass 18 months before my study began, had been mown very frequently (scmewhat
similar to a playing field), it seems possible that this activity on a quite
heavy clay soil would have caused considerable campaction. This might have
reduced its suitability for any Cryptostigmata which had existed during arable
cultivation or which might have attempted recolonization when the grass sward
was establishedf. I have noted previously that towards the end of my study
there appearéd a tendency for the density and diversity of Cryptostigmata to
increase. This coincided with changes in the abundance of certain Prostigmata,

namely Tarsonemus floricolus and Scutacarus (Variatipes) montanus, the former
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decreasing while the latter increased over the study period (Figs.18 and 19).
I tentatively attribiuted these contrasting changes to a natural transition in
‘the micro-environment of the soil in the study area, a possible reason being the
absence of mowing and, therefore, the absence of compaction of the upper soil
layers. My findings follow the relatively simple prediction that these changes
would provice a more suitable habitat for the Cryptostigmata. Since Sheals
(1956) found that only one species of Cryptostigmata recolonized soils within
a year aftar cultivation and insecticidal treatments, and since very slow
recovery was found in the study of irradiated soils (Coleman, 1966), the gradual
increase in the numbers of Cryptostigmata -at Durham is perhaps cha.raéteristic
of this grour

Of ary order of Acarina, the denrsities of Mesostigmata which I recorded at |
Durham showed closest similarity to the densities in similarly disturbed
habitats which had been studied elsewhere. In the previous sub-section,the
similarity in the pattern of seasocnal population change of this orcder in most
British studies of soil-mites was cited as being related to the finding that
many species of this group are widely distributed and appear tolerant of a wide
rariety of environments (Wallwoirk, 1967). It is perhaps for this reason also
that this group achieves similar densities under similar soil conditions.
Several widely occurring and abundant species of this group appear not to be
confined to the upper soil layers, having a poor association with the total
amount and localization of organic material in the soil profile. Furthermore,
the ability, éven preference, of some species of Mesostigmata to inhabit lower
levels of the soil would make them less susceptible to problems of soil pore
size, the feature which I have suggested might have contributed to the paucity
of Cryptostigmata at Curham.

The few published details concerning the biology of soil-inhabiting
Astigmata provicée no clues as to why this group should be so poorly represented

ond_.
in terms of diversity abundance at Durham. Certainly relatively low
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densities are recorded in other studies of disturbed soils but the densities
which I recorded lie far below these. While there may be some link with the
very low levels of Cryptostigmata, no available literature really gives any
support to the possibility of an associatiaon. Curry (1969), also using a high
gradient extractor, obtained a low recovery of Astigmata and perhaps it is the
use of this extraction technique in my study which results in such-low densities
being recoréed. Curry at&thed the higher densities of Astigmata in the
studies of Bevis (1963) and Sheals (1957) to ‘the more efficient recovery by
floatation methods, but this contrasts with the findings of Edwards and

Fletcher (1571).
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APPENDITX: 1,

The cammercially available formulations (in 1977) of organotin fungicides
containing triphenyltin hydroxide and triphenyltin acetate as active ingredients

are as follows:-

TPTH preparstions:

Registered trade name Manufacturer
Croptex Fentin 20 o , . Croptex.

mtér : Cuphar Midox
Erithane 50 Bayer

Farmatin Farm Protectior

L & K Fentin Lindsey and Kesteven
Profarma Tinspray Boots

Tubotin May and Baker
Vitospar Vitox

TPTA preparations (with Maneb):

Brestan 60 Boots
Brestan 60 Hoechst
Maneb-Brestan Hoechst
Mantin 45 | Ciba-Geigy
Trimastan Bos

* These preparations were the subject of this study.
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APPENDIX: 2.

THE DENSITIES OF SOTL ACARINA IN CONTROL AND TREATED PLOTS EXPRESSED AS
A MEDIAN VALUE PER SQUARE METRE AND THE TOTAL RANGE OF DENSITY RECORDED
'AMONGST SAMPLES ON EACH OCCASION,

SERIES A.

(1) Totzl Aczrina.

Sampling Control Treated

Date Median Range Median Range
07.11,72 26192 - 7048 - 75766 29073 13215 - 49336
12.11.72 3€121 16739 - 116292 28632 11453 - 98672
17.11.,72 53741 19382 - 15329h 37883 17620 - 9U42A7
23,11,72 370062 13215 ~ Tob4T 2114l 10572 ~ 43169
08.12.72 L2728 15858 - 86338 30394 14977 - 60789
27.01.73 38764 14096 - 96910 16739 8810 - 49336
(11) 'Other! Prostigmata.,

Sampling Control Treated

Date Median Range Median Range
07.11.72 881 0~ 7929 881 0 - 13215
12.11.72 1762 881 - 7048 881 0 - 6167
17.11.72 4405 0 - 13215 1762 0 - 7929
23.11.72 2543 881 - 30835 2202 0 - 4hos
08.12.72 3083 881 - 7929 1762 0 - 16739
27.01.73 1321 0 - 4405 881 0 - 23787
(1ii) Mesostigmata.

Sampling Control Treated

Date Median Range Median Range
07.11.72 3524 0 - 7929 2202 0 - 6167
12.11.72 3964 881 - 9691 1762 0 - 7929
17.11.72 3524 0 - 10572 1762 0 - 7929
23.11.72 2643 0 - 8810 2643 0 - 8810
08.12.72 2643 0 - 7929 5286 881 - 16739
27.01.73 3083 881 - 5286 2643 0 - 12334



(iv) Tarsonemus floricolus.

Sampling Control
Date Median _ Range

07.11.72 21584 3524 - 66073
12,11.72 21668 12334 - 103077
17.11.72 LL90 10572 - 146246
23.11.72 - 26870 7929 - 66075
08.12,72 28192 12334 - 78409
27.01.73 28192 8810 - 81933

(v) Pygzephorus spp.

Sampling Contrecl
Date Median Range

uy.11.72 762 0 - 4405
12.11.72 881 0 - 2643
17.11.72 881 0 - L4405
23.,11.72 1762 0 -~ 4405
08.12.72 2643 0 - 11453
27.01.73 . 2202 0~ 7929

Treated
Median Range
24227 8810 - 66075
2h227 7929 - 92505
28632 12334 - 88981
15417 2643 - 29954
20703 6167 - 50217
9691 5286 - 26430
Treated
Median Range
0 U~ Zb43
L0 0 - 6167
881 0 - 4405
881 0 - 6167
1762 0 - 6167
1762 0 - Lbos
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SERIES B.

(1)  Total Acarina,

Sampling Control

Date Median Range
20.02.73 24668 8810 - 86338
06.03.73 37002 7048 - 51979
21.03.73 28192 16739 - 55503
04,04,73 29954 21144 - 40526
28.04.73 32597 16739 - 74885
22.05.73 25108 14977 - 59905 - -
29.06.73 18941 7929 - 34359
27.07.73 9691 3524 - L7574
(ii) 'Other' Prostigmata.
Sampling Control

Date Median Range
20.02.73 L4o 0 - 7048
06.03.73 881 0 - 5286
21,03.73 3524 0 - 9691
04.04.73 4405 881 - 8810
28.04.73 13655 6167 - 36121
22.05.73 9691 4405 - 17620
29.06.73 2643 881 - 5286
26.07.73 2202 0 -  uhos
(1ii1) Mesostigmata.
Sampling Control

Date Median Range
20.02.73 1762 0 - 7048
06.03.73 2643 0 - 4405
21.03.73 2643 0 - 5286
04.04,73 2643 881 - 6167
28.04.73 3083 0 - 7048
22.05.73 3083 881 - 5286
29.06.73 4405 1762 - 8810
26,07.73 3524 1762 - 10572
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Treated
Median Range
28192 13215 - 65194
25989 8810 - 80171
31716 11453 - 49336
33037 20263 - 49336
33918 8810 - 89862
33478 22025 - 59908 -
29073 14977 - 49336
13215 6167 - 28192
Treated
Median Range
L0 0 - 6167
1762 0 - 6167
3964 0 - 10572
4845 1762 - 9691
18501 3524 - 45812
13655 9691 - 26430
2643 0 - 9691
3524 1762 ~ 14977
Treated
Median Range
1762 0 - 7048
881 0 - 6167
3964 881 - 7929
2643 0 - 8810
2202 0 - 7048
2643 0 - 4405
2643 881 - 10572
3964 881 - 7048
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(iv) Tarsonemus floricolus.

Sampling Control Treated
Date Median Range Median Range
20.02,.73 17179 4405 - 79290 22906 7929 - 61670
06.03.73 31275 . . 3524 - 46693 o 20263 . 5286 ~ . 74004
-21.03,73 17620 9691 - 29073 18941 8810 - 132597
04.04. 73 16739 7929 - 29073 19822 7048 - 30835
28.04.73 6607 2643 ~ 29073 6607 1762 - 32597
22.05.73 6167 1762 - 10572 10131 4405 - 22906
29.06.,73 1762 0 - 3524 1762 881 - 5286
 26.07.73 0 0~ 88t .o - 0- 1762
(v) Pygmedhorus spp.
Sampling Contaol Treatea
Date Median Range Median Range
20,02,73 1762 0 -~ L4405 881 0 - 6167
06.03,73 2202 0 - 7929 881 0 - L4405
21.03,73 . 3524 0 - 211k 1762 0 - 8810
04,04.73 405 0 - 12334 3083 881 - 16739
28.04,73 4845 0 -~ 20263 4405 881 - 9691
22.05.73 L0535 0 - 28192 L4845 0 - 20263
29,06,73 8369 881 - 20263 19382 0 - 41407
26.07.73 1762 0 - 5286 3524 0 - 8810
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SERIES C.
(1) Total Acarina,
Sampling Control i Treated

Date Median ~  Range Median Range
03.03.73 26430 10572 - 59027 32597 14096 - 62551
17.03.73 30830 14096 - 111887 33918 15858 - 79290
31.03.73 30830 18501 - 59027 31275 18501 - 65194
25.04.73 29513 14977 - 59908 18941 14096 - 38764
17.05.73 36561 23787 - 135674 L4931 30836 - 123340
25.,06.73 11893 7048 - 21144 23787 10572 - 40526
23.07.73 9250 Los5 - 18501 13215 L4405 - 28192
21.08.73 7048 2643 - 13251 8810 3524 - 30835
(ii) ‘Other’' Prostigmata.
Sampling Control Treated

Date Median Range Median Range
03,03.73 1762 0 - 3524 1321 0 - 4405
17,03.73 1762 0 - L8455 3964 0 - 18501
31.03.73 7048 2643 - 13215 5726 3524 - 13215
25.04.73 11012 2643 - 22906 5286 1762 - 14096
17.05.73 14977 9691 - 59027 20263 11453 - 81933
25.06.73 2643 881 - 5286 7929 0 - 19382
23.07.73 2643 1762 ~ 3524 Lyos . 881 - 18501
21.08.73 1762 0 - 8810 2643 . : 0 - 7929
(iii) Mesostigmata.
Sampling Control . Treated

Date Median Range Median Range
03.03.73 1762 0 - 7648 1762 0 - 7048
17.03.73 1762 0 - 11453 2643 0 - 7929
31.03.73 2643 0 - 7048 3524 1762 - 5286
25.04.73 2643 0 - 5286 2643 0 - 7048
17.05.73 3083 0 - 7929 2643 0 - 3524
25,06.73 2643 0 - 7048 1762 0 - 4405
23.07.73 3524 881 - 7048 2643 0 - 7048
21.08.73 2643 881 - 6167 2202 0 - 7929



(iv) Tarsonemus floricolus.

Sampling
Date

03.03.73
17.03.73
31.03.73
25.04,73
17-05- 73
25.06.73
23.07.73
21.08.73

Medlan

18501
19822
15858
7048
14977
881
0

0

(v) 'Pygmephoius PP

Sampling
Date

03.03.73
17.03.73
31.03.73
25,04.,73
17.05.73
25.06.73
23.07.73
. 21.08.73

Median

1321
2202
2643
2643
L8hs
352

881

881

Control
Range
7929 - 40526
5286 - 64313
10572 - 33478
2643 - 22906
7048 - 23787
0 - 3524
0 - 1762
0 - 1762
Control
Range
0 - 3524
0 - 13215
0 - 7929
0 - 35240
881 - 76647
0~ 7929
0 - 3524
0 - 3524
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Treated

Median Range
23787 9691 - 55503
27311 7929 - 67837
17179 7048 - 29954
7929 4405 - 15858
12334 4405 - 19382
12334 2643 - 20263
881 0 - 5286
0 0 - 2643

Treated

Median Range
1321 0 - 8810
1762 0 - 5286
3083 0 - 30835
2643 0 - 9691
8810 0 - 29954
5286 32524 - 20263
1762 . : 0 - 14096
881 0 - 14977



SERIES D,

(i) Total Acarina.

Sampling
Date

01.09.73

27.09.73
03.10.73

06.11.73

05.12.73
08.12.73

13.01.74

Trial

Designation

Median

7048
7048
11012
8369

13655
11453
11453

7929

18060
16739
7048
6167

11893
14536
6167

12774
7043
6167
6167

Range
4405 - 10572
4405 - 21144
9691 ~ 16739
5286 - 12334
5286 - 22906
5285 - 29073
5286 - 22906
3524 - 18501
5286 ~ 34359
6167 -~ 44050
1762 - 29073
2643 ~ 11453
3524 - 28192
7048 - 37883
2643 - 18501
1762 - 12334
2643 - 21144
2643 ~ 58146
1762 - 25549
1762 - 13215
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(i1) 'Other’ Prostigmata.

Sampling Trial
Date Designation Median Range
01.09.73 Control ' 2202 881 - 6167
D/1 1762 881 - 8810
D/2 3524 881 - 7929
D/3 3524 881 - 8810
27.09.73 Control 2643 881 - 6167
01.10.73 D/1 4845 1762 ~ 11453
D/2 5286 881 - 7929
D/3 3524 881 - 8810
nN6.11.73 Contzot 3520 o31 - 114535
12.11.73 D/1 10131 3524 - 20263
D/2 2643 0 - 12334
D/3 2643 0 - 9691
05.12373 - Control 1762 0 - 3524
08.12.73 D/1 6607 1762 - 23787
D/2 1762 881 - 6167
D/3 1762 0 - 10572
13.01.74 Control 1762 0 - 8810
17.01.74 D/1 2202 0 - 7048
D/2 1762 ' 0 - 3524
D/3 2202 0 - 7048



(iii) Mesostigmata.

Sampling
Date

01.09.73

27.09.73
03.10.73

06.1 11 ] ?3
12,11.73

05.12.73
08,12,73

13.01,74

Trial

Designation

Control
D/1
D/2
D/3

Control
D/1
D/2
D/3

Control
D/1
D/2
/3

Control
D/1
D/2
D/3

Control
D/1
D/2
D/3

Median

2202
3083
3083
2643

3524
2643
3524
2643

2643
881
881
881

1762
1321
881

1762
881
881

Range
881 - 2643
0 - 5286
881 - 7048
1762 - L4405
0 - 11453
881 - 9691
881 - 10572
0 - 6167
0 - 8810
0 - 7048
0 - 3524
0 - 1702
0 ~ kio5
0 - 4405
0 - 3524
0 - 1762
0 - 6167
0 -~ 9691
0 - 6167
0 - 4405
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(iv) Tarsonemus floricolus.,

Sampling
Date

01.09.73

27.09.73
03.10.73

06,11,73
12.11.73

05.12,73
08.12,73

13.01.74
17.01.74

Trial

Designation

Control
D/1
D/2
D/3

C7ntrol
D/1
D/2
D/3

Control
D/1
D/2
n/3

?7ntrol
D/1
D/2
D/3

Control
D/1
D/2
n/3

Median

881
881
881
1321

1762
881

4845
1321

1762
1321

2643
881

Range

leNeoleNe]

OO0 OO OO
[ I R B | [ I R I |

[eNeoNeNel

2643
7048
3524
3524

7929
2643
3524
3524

16739
12334
1762
881

7929
6167
881
881

7929
3524
4405
1762

& LT



(v) Pygmephorus spp.

Sampling Trial
Date Designation Medium Range

01.09.73 Control - : ' 0 0~ 1762
' D/1 0 0 - 6167
D/2 ' 881 0 - 4405
D/3 - 440 0 ~ L4405
27.09.73 Control 881 0 - 5286
03.10.73 D/1 881 0 - 15858
D/2 0 0 - 3524
D/3 440 0 - 3524
06.11.73 Control 440 0 - 21144
12,11.73 D/1 1762 0 - 8810
D/2 es; 0~ 1C572
D/3 4ho 0 - 5286
05.12.73 Control 881 0~ 9691
08,12.73 D/1 1762 0 - 4405
- D/2 881 0 - 11453
‘ D/3 881 0- 881
13.01.74 Control - 881 0 - 5286
17,01.74 D/1 : 1762 0 - 36121
_ D/2 881 0 - 7929
D/3 440 0 - 5286
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(vi) Scutacarus (Variatipes) montanus,

Sampling Trial
Date Designation Median Range

01.09.73 Control 0 0 - 2643
Dfi 0 0 - 882
D/2 0 0 - 528
D/3 0 0 - 2643
27.09.73 Control 881 0 - 10572
03.10.73 D/1 0 0 - 2643
D/2 881 0 - 4405
D/3 . 0 0 5286
06,11.73 Control. 0 0 - 24668
12.11.73 D/1 881 0 - 18501
D/~ G O~ 93
n/3 0 0 - 5286
05.12,73 Control 1321 0 - 22906
08.12.73 D/1 881 0 - 23787
S : D/2 0 0 - 5286
D/3 0 0 - 4405
13.01.74 Control 0 0 - 7048
17.01.74 D/1 440 0 - 6167
D/2 0 0 - 10572
D/3 : 0 0 - 6167



SERIES E.
(1) Total Acarina,
Sampling . Trial
Date Designation
11.09.73 Control
E/1
E/2
| E/3
09:10:73 Control
15.10.73 E/1
E/2
E/3
16.11.73 Control
19.11.73 E/1
E/2
E/3
11.12.73 Control
E/1
E/2
E/3
21.01.74 Control
24,01.74 E/1
E/2

E/3

Median

13215
12334
14096

8810

10572
6607
9691
9250

12774
11893

8810
12334

8369
6607
2643
9191

10572
8810

5726
8810

117

Range -

8810 -
7929 -
7929 -
5286 -

3524 -
2643 -
3524 -
bLho5 -

5286 -~
3524 -
3524 -
3524 -

6167 -
2643 -
881 -
1761 -

5286 -
4405 -
3524 -
2€43 -

19382
23787
18501
25549

34359
15858
22906
20263

44931
29073
17620
33478

20263
20263
8810

35240

23787
51979
21144
27511



(ii) 'Other' Prostigmata,

Sampling
Date

11.09.73

09.10.73
15.10.73

16.11.73
19.11.73

11.12.73
14.12,73

21.01.74
2,01, 74

Trial

Designation

Control
E/1
E/2
E/3

Control
E/1
E/2
E/3

G7ntrol
B/1
E/2

w/n

&y 5

Control
E/1
E/2
E/3

Control
E/1
E/2
E/3

Median

4405
L4405
3964

881

3083
1762
3524
5286

1762
3964
2643
6167

1762
2643

L0
2643

1762
3524
2202
L8L 5
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11453
6167
5286
6167

7929
7929
7048
8810

22025
124

7048
21144

10572
7048
1762
7048

5286

10572
ko5

14977



(111) Mesostigmata,

Sampling
Date

11,09.73

09.10.73
15.10.73

16.11.,73
19.11.73

11.12.73
14,12.73

21,01.74
24,01.74

Trial

Designation

Control
E/1
E/2
E/3

Control
E/1
E/2
E/3

Control
B/1
E/2
E/3

Median

2643
3083

3524

3083
1762
2643
1762

3083
440
881

1762

1762
881
881
881

2202
881
881
881

Range
881 - 5286
881 - 4405
2643 - 6167
881 - 8810
0 - 11453
0 - 6167
0 - 8810
881 - 10572
881 - 7929
0 - .24
0 ~ 6167
0 - L4405
0~ 7929
0 - 3524
0 - 13524
0 - 4405
881 - 7929
0 - L4405
0 - 4405
0 - 2643



(iv) Tarsonemus floricolus,

Sampling
Date

11,09.73

09.10.73
15.10.73

16,11.73
12,1073

11.12.73
14,12,73

21.01.,74
24,01.74

Trial

Designation

Control
E/1
E/2
E/3

Control
E/1
E/2
E/3

C?ntrol
B/
E/2
E/3

C7ntrol
E/1
E/2
E/3

Control
E/1
E/2
E/3

Median

3524
3083
3524
2202

1321
0

881
881

2643

9]
881
1762

2643

0
881
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Range

881 - 7929

1762 - 7048

1762 - 7048
0 - 4405
0 - 10572
0 - 1762
0 - 4405
0 - 6067
0 ~ 8810
C ~ od1l
0 - 881
0 - 9691
0 - 5286
0 - 1762
0~ 881
0~ 7929



(v) Pyemephorus spp.

Sampling
Date

11.09.73 -

09.10.73
15.10.73

16.11.73
19.11.73

11.12.73
14.12.73

21,01.74
24,01.74

Trial

Designation

C7ntrol
E/1
E/2
E/3

Control
E/l
E/2
E/3
Contxol
E/i
E/2

E/3

Control
E/1
E/2
E/3

C7ntrol
E/1
E/2
E/3

881

681
1762

881

881
881
881
881

881
881
861
881

]
5
a .

0 - 881
0 - 10572
0 - 5286
0 - 5286
0 - 3524
0 - 6167
0 - 7048
0 - 1762
0 ~ 23787
0 - 5286
0 - 9691
0 - 5286
0 - 3524
0 - 4405
0 - 1762
0 - 6167
0 - 7929
0 - 11543
0~ 1762
0 - 3524
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(vi) Scutacarus (Variatipes) montanus.

Sampling
Date

11,09.73

" 09.10.73

15.10.73

16.11.73
211,73

11.12.73
14.12.73

21;011?1"’
24,01.74

Trial

Designation

Control .
E/1
E/2
E/3

Control
E/1
E/2
E/3

Control.
E/:

E/2

E/3

C7ntrol
E/1
E/2
E/3

Control
E/1
E/2
E/3

881
881

881
440

881
440
440
881

1762
1762

881
1321
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3524
- 881
1762
2643

19382
2643
2643
2643

9691
792y
7929
7929

3524
12334
5286
26430

8810
L1407
14096
12334
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APPENDIX: 3

TOXIOOLOGICAL TESTING USING MITES IN CULTURE - AN ASSESSMENT OF SUITABLE METHODS.

Although an acceptable standard of culturing was achieved, the time available
was insufficient for meaningful toxicological experiments to be undertaken. This
situation was aggravated by the developing shortage of T. floricolus within the
sampling arcas towards the end of my study. Below, a brief outline of the pro-
posed experimental programme is given, along with the reason for its choice and
some attendant problews.

The econamic importance of insects and also of mites as agricultural pests
has generated a vast nunber or toxicological screening tests. Since a review of
toxicological test methods by Sheppard(1958), there have been a number of refine-
ments, some quite elaborate, but basic techniques have rena_ined the same. |

With respect to mites, the slide dip method. first described by Voss (1961),
is the most widely used method, although sore modifications have been developed:
the alternative cage spray and loaf dip methods provide roughly comparable
results (Drittch, 1962, and Walker et al., 1973). These techniques were developed
t«, evaiuate the effectiveness of potential acaricides for use primarily agaiast
phytoparasitic and phytophagus species. and aim to reproduce their field use
conditions in.the laboratory. They are not directly applicable for determining
toxicity to soil mltes Two deficiencies camon to these methods are:

(i) They make no distinction between toxicity caused by ingestion and by
contact with the active ingredient. Generally, there is no need to distinguish
these two sources of mortality for externmal plant mites; it is sufficient to
establish that mortality does occur. However, in the present case, the importance
of contact toxicity in the field situation is probably small in that TPT's are
rapidly adsorbed on to soil particles (Barnes, 1971), and also it is suspected
that saturation of high concentrations is required (Bullock and Johnston, 1968).

The important feature is the quantity ingested, as suggested by antifeedant
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studies on insects, for example El Sébae (1973). Only with the larger species
of free living mites, and more particularly with insects, are suitable micro-
application techniques available whereby a precise quantity of toxicant may be
administered orally or-at least to the mouthparts (Sheraf, 1972).

(ii) TPT's have a low solubility in water and are spréyéd as suspensions. With
dippiﬁg or spray methods it seems likeljr that ho meaningful relationship would
be obtained with the quantity in suspen.sion. Solvents such as acetone are
widely used in standard screening tests to overcome similar problems, but for
TPT's effective solvents, such as dimethylformamide, are excessively toxic of
themselves and cannot ke used.

It must be ancluded thet at present ... method existe by whaich indiv.i3upal
mites of this size can be given directly, and solely by ingestion, a known
quarlt_ity of TPT. No meaningful LD30 value can, therefore, be produced by
stanéiard methods.,

In the present situation, therefore, the aim should be to determine the
extent of mortality, if occurring at all, when mites are forced to feed on food
contaminated with TPT's at levels which are assumed to be similar to those
occurring in soil.  Unfortunately, the inability to adequately remove TPT
adsorbed to soil particles necéssitates a very approximate assumption of equiva-
lents in this respect.

The principal problems of the technique relate to the means by which the
food is contaminated. While the use of a reasonably natural, fungal food makes
the laboratory test more similar to the field situation, the food will itself be
affected adversely by the fungicide, thereby tending to induce the effect of
"indirect" toxicity. To exclude this, it would be necessary to maintain the
quality of food available. This would not be a problem if an artificial food
medium were found, and substitute food materials are now used frequently for the
evaluation of acaricides against Tetranychus sp. (0. Prostigmata) as outlined by

Salama et al. (1970).
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Assuming the pleurcccccus focd is used, it would ke necessary to replenish
the cultures with freshly contaminated food, a process which would remove any
feature of progressive degradation of the active fungicide as occurs in the field
situation. A reduction in the level of TPT treatment, appropriate to the
degradation of fungicide might be made to successive replacement pleurococcus
fragrments in a further attempt to recreate the field situatidn more exactly.

The contamination of incubated pleurococcus fragments, that is where the
hyphal growth is well established, might be achieved either by dipping in a
suspension of the fungicide or by spraying with a quantity equivalent to that
received by the surface soil iayer in the field situation. The latter appears
preferable, nnt pnly in being more nearly equivalent to administration ir the.
field, but in that it would also reduce matting and collapse of the hyphae (which

might further reduce its attractiveness for feeding to T. floricolus).

The féllowing experimental programme would, therefore, be adopted to
determine the presence or absence of a direct toxicity of TPT's to T. floricolus.
(It must be assumed that the levels of fungicide on the food in culture are

similar to levels on the food within the treated plots of the field trials).

(i) Contamination of the incubated pleurococcus by a microspray dispenser
using a range of treatment levels spanning, but not necessarily identical
to, the range used in field trials.

(ii) Preliminary testing of the treated food alone, in a micro-immersion filter
system,to determine tﬁe rate of breakdown of the fungal mycelia and,
therefore, the.rate at which replacement is necessary at various levels
of treatment so as to maintain the quality of food.

(iii) Setting up perhaps two treatment series using 16 or more replicate cells.
Each cell would contain 6 - 8 T. floricolus plus the appropriate quantity
of food material as determined by preliminary culturing. All mites would

be obtained fram established cultures rather than directly from samples;
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they may, therefore, be presumed healthy and acclimatised to the food

and environments of the culture system, For this purpose, the perspex

block system would be appropriate. The number of mites alive and their

general corndition and behaviour would be checked at least once weekly.
(iv) For each series of replicates using the perspex block system, additional
replicates would be made in the micro-immersion system for the purpose

of rore detailed daily observation of behaviour, for example, any develop-

ing tendency to leave an apparently adequate food supply. This would

provide an additional check on any rapid deterioration in the food quality.

(v) Each series would be maintained until appreciable mortality was evident or,
if no mortality occurred, until the period at which, in field trials, the
maximum fall in numbers was observed.

'I'hé- above programme merely outlines t}'.le approach which was anticipated
initially. No doubt a number of modifications would have been developed and
certaJ.n aspects of the investigations extended. For example, where a clear
behavioural change was seen, perhaps a refusal to eat the treated food, indicat-
ing the possibility of "indirect toxicity" by way of erzligrétion from treated
areas in the field rather than actual mortality, a series of preference tests
might be employed to assess discrimination between treated and untreated food
material, as used by Madge (1964) to determine the humidity reactions of Oribatid

mites.
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APPENDI X : 1,

CHANGES IN THE POPULATION LEVELS OF SOTIL MITES IN THE STUDY ARFA AT DURHAM.

On the following éages are tabulated the mean numbers of soil Acarina/
.sample p one standard error, obrtained from éoilections within control plots of
.successive trial series and from the small number of additional collections
made after the completion of field trials.

The ézte of sarrpiing and the trial series are indicated for each set of
records; the additional records are marked thus: a

The nunber of samples contributing to each mean is 16.



Sanmpling
Date
07.11.72
12,11.72
17.11,72
23.11.72
08.12,.72
27.01.73
20,02,73
03.03.73
06.03.73
17.03.73
21.03.73
31.03.73
04,04,.73
25.04.73
28.04,73
17.05.73
22,05.73
25.06.73
29.06.73

Series

U O W o W aowooaowaw>»>>» > > >

Total
Prostigmata
33211%5.36
WM. 746,79
61.8629,72
41.13%5.35
14,0025, 62
46.0626,18
30.6125.88

32,2223,40

35.99°3. 58
37.1926.51
31.04%3,08
32.9922.,66
29.69-1.79
32.1623.86
36.2124.,29
50.8 18,03
27.31%3,61
10.2120.93
17.9 22.10

Other

2.59%0,38
2.9420,48
6.3721.01
6.09:2,12

4,43%0,82

2,3720.43
1,240, 52
3.0320,32
1.6220.36
14,6820, 58
6.1620.70
8.7920.99

6.23%0., 66

15,3551, 66
19.81%2, 5
23.1221,78
12,4471 18
4.4550.38
4,75-0,38

Prostigmata Mesostigmata

3.7520. 59
4.81%0,74
4,00%0,79
3.6920.76
3.75°0. 61
3,1820.43
2.51%0,63
2.5620.63
2.6320,38
3.1920.86
3.12%0. 42
3,46%0.,66
3.5320.,48
2.6820.42
3.50%0.,7

3.6820. 56
3.5120.37
3.3720,57
5.2520. 50

Tarsonemus
floriceolus
29.30-5.14
37.68%6.69
54,1279, 33
32,614 5
35.75:5.22
40.3175.7
27.4525,65
27.8253,0
31.25°3.72
28,2025,10
19,7071, 54
19,662 .89
18.13%1. 50
9.5021.46
9.3741.95
16,0021, 53
6.93%0,80
1,687 ,27
1.8720,27

Scutacarus (V)
montanus

Pygmephorus 9p.

1.81%0.43
1.1320,25
1,3720.31
2.3720.46
3,81%1,00
3.3720.72
2,0020,35
1,3720.33
3.12%0,563
4.31%1,12
5.18%1, 44
4.50%0.68
5.33%0.93
7.3152.99
2.0021.36
11.68%5,33
7.94%2,43
4.06%0, 54
11.25%1,66

Total
Acarina
37.4325.47
46,93-7.10
65.93-9, 60
45,0025, 69
48.31%5,65
49.5 26,146
33.1825.63
28.8122,7
38.8123.76
43.6827.26
W.3133.23
36.33°2.93
33.4021,65
35.56-4,06
39.8724,12
54.698,18
30.87%3.72
13.5621,03
23,25+2.28

821



Sampling
Date
23.07.73
26,07.73
21.08.73
01.09.73
11.09.73
27.09.73
09.10.73
06.11.73
16.11.73
05.12.73
11.12.73
13.01.74
21.01.74

28.01.74

28.02.74
25.03.74
25,05, 74
28,06, 74
20,08, 74

Series

Mo P X X XM UDU EH O B D H OB OAQHOQ

Prostigmata Prostigmata Mesostigmata’

Total Other
5.9270,88  4.1270.23
8.36-2.33  5.74-0.62
4,1320.68  2.8820.28
5.2420.82  2.87%0.64

11,2521,29  5.6221.38
10,2451,43 3. 5620.42
9.341,76  3.u4%0.71
15,1722,00  4.3720.83
12.8612.86  4.62%1.57
13.6122.29  1.6820.29

?7.6121,10 2.81%0.75
10.4271.42  2.62%c.64
9.5251.47  2.40%0.48
10.241.75  1.92%0.34
11.1552,42 3.9 ¥0.62
15.8651.83 2.0 f0.39
21.88%2.81  7.67%1.29
37.48%4,07  1s5.42%2.05
14.45051.83  2.93°0.57

4.2550.48

4,37%0. 61
3.300,34
1.8770.23

3.25%0,59

5.0620,87
4.,0620.77
3.62%0. 64
n.12%0. 51
2.3120.38
2.62%0.146
2.62%0.57
3.4 20.68
2.42%0.,37
3.1520.46
4,000, 64
3.8720.62
9.00%1,17
10.14%1,07

Tarsonemus
floricolus

0.3720.15
0.9120.12

0.38%0,12

1.1270.39
4,3720,98
2,500, 56
2.,68%C .74
6.061.15
3.93-0.87
2.87%0.58
2,2120.48
4,06%0,78
3,06=0.47
0.91%0.31
0.40%0,13
1,18%0,27
1.2520.49

2.21%0 39

0.43%0,17

Scutacarus (V)

montanus

0.63%0.37

1.0020. 50

3.12%1.05

2.18%1.35

+

2.68-1,73

1.8120.76

6.31%2.21

1.12%0.30

1,5620,63
2.5320.86
3.6621.19
3.3020.,67
8.62%2.75
7.1251.21
4,5021,36
10.10%2.65

Pygmephorus' 5pp. *

1.43%0.32
2,31%0.49
0.8720.25
0.62%0.26
0.2620.06
1.06%0.39
1,060, 34
2.0621,47
2.5021.66
2.7551,01
1.37%0.31
2.18%0.62
1,53%0. 57
3.7551.43
3.55' 1,34

" 4,0651.39

5.752,62
15,35:2,87
0.93%0.26

Total
Acarina

" 10.5620.95
© 12.8 11,12

8.0670.89

7.75%0.77

15,1351, 47
+

15.60°1.53
14.15:2.27

20.0722.28

17.9472.80
16, 562234
11.371.09
14.2551,33
13.6621.77
13.7553.01
15.65-1.65
19,0422, 14
26.94%2,83
49.6023,88
25.93%2.95

62T



PART 2,

THE EFFECTS OF RECLAMATION OF INTERTIDAL
LAND ON OVERWINTERING WADERS AND SHELDUCKS
AT SEAL SANDS, TEESMOUTH.
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INTRODUCTION

In 1€70 the Tees and Hartlepool Port Authority embarked on a three stage
reclzmation roogramne which. when campleted. would have <liminat=¢ almost 211
the remairing areas of intertidal mudflats on the north side of the mouth of
the\.River Tees, Co. Cleveland (54037'N,, 1°12'W) , along with associated areas
of san& citmes and fresh water marsh.

Concern over the possible loss of 'I’eesn_iouth as an important feeding site
for overwintering waterfowl led to a ’research programme to monitor the effects
on the fauna of 'Stage I' of this reclamation ané to determine the carrying
capacity for “irds of the remsining portion of Seal Sands..(Fig. 1). This
study, the first of its kind in Britain, was based at Durham University unéer
the supervision of Dr. P. R. Evens. The first phase was carried out between
1970 and 1973; a second phase is still in progress. From 1971 onwards,
adéitional surveys of the invertebrate fauna of the estuary in relation to
pollution of the River Tees have been made from time to time by the Leeds
Wellcare Marine Research Leboratory (Gray, 1976, and pers. comm.).

The conclusions of the first phase of the Durlam study, including predic-
tion as to the value to shorebirds of the remaining mucéflats, if not engulfed

by Stages IT and IIT of the reclamation programme (Evans, 1973) led to an
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expansion of the study, with the aid of funds fram the Natural Environment
Research Council, Coastal Ecology Research Station (C.E.R.S.), cduring the-
winter of 1972/73 (Pienkowski, 1973). My study, conducted between October
1973 and December 1974 and funded partly by the C,E.R.S. and also by the
Royal Society for the Protection of Birds (R.S.P.B.), continued and enlarged
upon Pienkowski's work. Since adequatel monitoring of invertebrate densities
was undertaken by other workers during this period, my studies concentrated
on the changes in numbers and behaviour of estuarine birds in relation to the
reclamation.

The zim of my work was to test the predictions of changes in 'carrying
capacity’ made by BEvaas (1972) and to ident.. Ly my ways in which the birls’
original feeding strategies (outlined by Pienkowski, 1973) changed after
comp}etiqn of Stage I of the reclamation, thereby testing other predictions
made by Gc;ss~letard (1972) . 1ty work at Teesmouth was summarizec in two
unpublished reports to the C.E.R.S. in 1974 -and 1975, and part in a report to
the R.S.P.B. (Evans, 1975).

At the present time, reclamation of the remaining areas of mudflats is
‘n abeyahce, being examined with a view tc "Leir retention, 3long with
associated areas, under the Teeside Structure Plan (Newell, 1974; Nature
Conservancy Council, 1972). With the aim of contributing further support for
this possibility by monitoring further changes in the numbers and behaviour
of shorebirds a number of studies continue at Durham University.

The reclamation programme for Seal Sands was examined by the Department

of the Environment in June 1975 as part of the Co. Cleveland Structure Plan.
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Figure 1

A. The location of intertidal sand & mudflats at Teesmouth in relation
to the neighbouring centres of urban & industrial development in'73

/
( \ NOTATION
™y MIDDLESBOROUGH ) Intertidal mud & sand flats in &
0 & km o around Teeside

)
/

T Centres of urban & industrial
development

B. The areas of Seal Sands which have been or are scheduled for
reclamation '

HARTLEPQO L*

15100 m.

NOTATION
B Intertidal areas

Areas of Seal Sands subject to
phase I of the reclamation
orogramme

TEESIDE [\\J Areas of Seal Sands to be subj

| ject

- to phases II & III of the

reclamation programme



133

THE RECLAMATION OF THE TEES ESTUARY

The past and presént reclamation of the Tees estuary illustrates well
e fate ofirany estuarive Mmvircorments srcud the roast f Iritain, e 183D
the Tees estuary contained some 6,000 acres (2,430 ha.) of intertidal sand,
mudflats and saltmarsih. Subsequent reclamation reduced intertidal areas on
the north side of the estuary to around 650 acres (263 ha.) at the beginnihg
of my study in October 1973. Despite this, _.'IVeesmouth remains of international

importance as an overwintering ground for Shelduck (Tadorma tadorna), since it

holds more than 1% of the European population (Ramsar Convention, 1975). In
tenns of total numbers of wadnrs and wildfowl, it ranked fifteenth amcauo.t

British estuaries in 1971 (Prater, 1972).

THE HISTORY OF RECIAMATION AT TEESMOUTH.

The extent and pattern of reclamation at. Teesmouth is illustrated by a
short series of maps (Figs. 2 - 4). Fig. 2(A) is a simplification of the
Ordnance Survey (lst edition) series of 1840. At this time incustrial develop-
ment was centred on Middlesborough and Stockton, more than four miles upstream

fram Teesmouth.
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Before this date and primarily in the late 18thL Century, reclamation for
agriculture had occurred by the enclosure of the higher areas of saltmarsh with
earth banks. Cowpen darsh to the north of the estuary ané Coatham Marsh to
the south represent relics of this type of reclamg:}tion, which typically created
areas of rough grazing divided by fresh water dykes, fleets and occasional
pools. Cowpen Marsh, particularly, retains this original form, although some -
better-drained areas have been improved and ploughed, and some areas used for
industrial waste disposal. The Al78 roac¢ between Port Clarence and Seaton
Carew and the Middlesborough - Reccar railWay closely follow the northern and
southern late 18th Century btoundaries of the estuary at this time.

In the wid 19th Centurv the estuary w=s aporximately r=2ar shaped with
only narrow intertidal areas upstream of Port Clarence. The main channel of
the river separated two large intertidal areas: Seal Sands to the north and
west, anc Bran Sands to the south and east. A subsicdiary channel flowed past
the western edge of Seal Sands and separated ‘it from a wide sandy beach,

Seaton Sands, which extended northwards along the coast from the mouth of the
estuary. Eran Sands was contiguous with a similar beach, Coatham Sands,

extending southwards to Redear.

(@) Reclamation 1840 - 1930. (Fig. 2(B) ).

In the late 19th Century two breakwaters, the South Gare and North Gare,
were constructed either siGge of the river mouth with slag, the by--product of
the local steel industry. The South Gare, the more major development, was
some two miles in length and split off a small portion of Bran Sands to its
seaward side.- This small area of intertidal sand flats became largely invaded

by sanc dunes, leaving a single irlet which is now flooded only on extreme
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Figure 2

A. TheTees Estuary
in 1840
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spring tides. It contains one of the two small areas of saltmarsh remaining
at Teesmouth. Together with surrounding sand dunes, it was designated a Site
of Special Scientific Interest (S.S.S.I.) in 1971,

A continuation of the South Gare called the /German Charlies' runs
parallel to the beach about % km. offshore, being exposed only at low water,
aﬁd is an important feeding area for some waders. On spring low water it
extends southwards for about cne mile.

Redcar Jetty was. constructed,at about the same time as the two break-
waters,for the purpose of mineral export and this divided Bran Sands in two.

Sections of saltmarsh and higher parts of Seal Sands along the north-
cwistern edge 2E the estuary .ere snclosed Ly siag walls in cie 1890's tc romm
further areas of rough grazing land with fresh water and brackish dykes and
pools. These remain as 'Greenabella Marsh’ and the I1.C.I. 'Brinefields’'.
During this reclamation the course of Greatham Creek was straightened and its
waters confined by slag walls near its juncti-on with the western channel of
the Tees. Further inland, it remains less confined adjacent to Cowpen Marsh
and here abuts the largest section of saltmarsh at Teesmouth. 1In 1965 this
saltnarsh, together with paits >Ff Cowpen Marsh (an R.P.S.B. reserve since 19%69),
were scheduled as an S.S.S.I. The former course of Greatham Creek, through
the Brinefields, remains irregularly tidal.

In the early part of this century, fuz.'ther reclamation took place eastwards
from the southern parts of the Brinefields, effectively blocking the subsidiary
western channel of the Tees. This was generally a more solid reclamation,
rather than enclosure, although one major pool, the 'Reclamation Pond', was
created and separated from the remainder of Seal Sands only by a narrow wall
of porous slag. This retarded movement of the tide through the wall but did
not prevent it, thereby producing a delay in the tidal cycle inside the
Reclamation Pond of over one hour. This phenamenon is a by-product peculiar

to the use of blocks of waste material rather than fine debris in the initial
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stages of enclosure. It occurred during all subsequent reclamations of the

Tees estuary.

(b) Reclamation 1930 - 1960. (Fig. 3(a) ).

During World War IT the chemical industry of Teeside underwent consider-
able expansion, and has continued to grow steadily since then.

By 1960 the flats on both sides of the river between Port Clarence and
Tees Dock were reclaimed, leaving a total of around 1,500 acres (607 ha.) on
the north side of the river. In the late 1950's, Bran Sands suffered severe
pollation which Killad the irtertidal invertebrates and 127+ 3eal fands as ‘he

primary feeding arca for waders and wildfowl (Stead, 1964).

(c) Reclamation 1960 - 1970. (Fig. 3{(B) ).

During the early 1960's the major part of Bran Sands lying between Redcar
Jetty and Tees Dock was totally reclaimed, leaving a small portion, around
100 acres (40 »a.), north of Redcar Jetty.

On the north-west side of the estuary two major developments occurred
during this period. The first, between 1964-66, included the deepening of
the main channel, the dredged material being pumped an to the eastern margin
of Seal Sands. This created a raised bank of sand and clay, the 'Peninsula’,
which extended south to merge with the second important development, the
enclosure in 1967 of 250 acres (101 ha.) of Seal Sands, later known as the
'Monsanto option'. This enclosure was progressively infilled by material
dredged during maintenance of deep water in the river channel. Infilling
continued irregularly until 1974. At an early stage this programme of

infilling removed tidal influence fram the 'Reclamation Pond'.
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Figure 3 |

A. The Tees Estuary
in 1960 e
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The Dutch technique of enclosure and infilling with 'liquid' dredged
material (rather than solid waste dumped fram lorries) was used almost
exclusively during the further reclamation of Seal Sands.

In 1965 the northe.rn and western portions of.§eal Sands (same 640 acres
(259 ha.) of the 1,000 acres (405 ha.) remaining after enclosure of the

Monsanto option) were scheduled as a S.S.S.I.

(d) Reclaretion after 1970 until the beginning of this study. (Fig. 4).

Industrial development on the southern part of the 'Peninsula' adjacent
to the iiver Lugan late in 1.29 «ad contivcz=d throughout 1, study. A sesll
enclosure cf 100 acres (40 ha.) at the eastern corner of Seal Sands, north of
the y]_\onsan_to option, was filled and built upon early in 1970.

In _19‘—70 a major slag wall was campleted which divided the remaining
portion of Seal Sands into two parts. This Qall, running approximately from
east to west across the flats (and hereafter called the 'East/West wall'),
separated a northern part, some 350 acres (140 ha.) of flats, (the 'North Area'),
which remained open to direct tidal influence and a souttern section, (the
'South Area'), of 550 acres (220 ha.) which was effectively enclosed and subject
to tidal delay as water movement through the wall was retarded.

Reclamation of this 'South Area' was Stage I in the T.H.P.A.'s programme
while Stages II and III would, if carried out, include camplete removal of the
'North Area'.

Between 1972-73 the enclosed 'South Area' was further subdivided, giving
the 'West', 'North-East' and 'South-East' enclosures. During the summer of
1973 the ‘'North-East' enclosure was almost completely infilled and therefore
no longer of use as a feeding area for waterfowl by the beginning of my study

in October 1973.
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The first phase of infilling of this 'North-East' enclosure was by dredged
material pumped from Seaton Channel, which was deepened at this time to allow
the removal of an o0il drilling platform under construction for B.P. at
Graythorp Dock. Eowever, the majority of materia;?. for infilling this and the
other two enclosures of the 'South Area' came frorﬁ the creation, by dredging,
of a deep water dock adjoining the south-east corner of the 'North 2Zrea’.

This dock later assimilated a small portion of the 'Morth Area' enclosed by
a short slag waZ_Ll in 1973.

The construction of the porous E/W wall, which retarded the flow of
water, caused a delay in the attainment of high water in the South Area of around
1wo hours an” rziutsed somerrtat the tidal ~plitude. This 27 lowed birds tn feed
on the mud for 12 hours in each tidal cycle, an artificially favourable situa-
tion which was .further improved by subdivision of the South Area, whereby tidal
movemént was further delayed aﬁd larger areas of flats were exposed, for longer
periods. On neap tides considerable sections, particularly of the
South-East Enclosure, remained available for feeding throughout the tidal

cycle (Pienkowski, 1973).

THE EFFECTS OF RECTAMATION UP TO 1970.

In addition to the direct removal of intertidal feeding areas for
waterfowl, reclamation of the Tees estuary appears to have caused radical
changes of sediment type over the remaining flats. This in turn has cl'ianged
the distribution and abundance of invertebrate prey species which may also
have caused changes in abundance among overwintering waders and wildfowl.

While detailed records of such change have not been made until recently,

the evidence which does exist is considered briefly below.
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1) Changes in distribution and abundance of invertebrates

and sediments.

During the 19th Céntury the majority of inter{tidal areas of the Tees
estuary were probably sand, subject to vigorous tiaal action, and only
limited areas of mud existed. The presence of an extensive shell bed, well
below the surface of the present substratum, comprised chiefly of cockles
(Cardium ecule L. ), together with the designation of the flats as 'Sands',
supports this argument. The small remaining portion of Bran Sands situated
close to the river mouth still retains a mainly sandy substratum where,
Aespite polluticny, small nunrcre of cockles . 3till exist ar* where sare sanl

mason worms (Lanice conchilega) and lugworms (Arenicola marina L ,) are found.

A survey of invertebrates at Teesmouth in 1930 (Alexander et al., 1935)
revealed that cockles were present only in small numbers on Seal Sands and

Macoma balthica (L), a bivalve species less susceptible to silting, was

considered uncommon. Corophium volutator (Pallas) and Nereis diversicolor

O0.F. Muller ,were abundant but Hydrobia ulvae (Pennant) was not recorded at

that date. The survey sugges*'; that even by 1930 the estusry was vecoming
silted, a feature almost éertainly caused by the restriction of the water
flow and reduction in the scouring effect of the tide created by con-struction
of the North and South Gare brealkw-aters.

The deposition of fine sedimeht on Seal Sands was greatly accelerated
by the creation of the 'Peninsula' in the 1960's whi.ch separated it fram the
main Tees channel. From this date onwards Seal Sands received only slight
through-flow of water from Greatham Creek. Rapid deposition of fire sediment
continues to occur on Seal Sands, the supply of debris augmented recently by

outwashed material from Stage I of the reclamation. Fnrichment of these new



143

sediments occurs as the result of sewage effluent discharged into Greatham
Creek. The net effect of these changes has been to provide an extremely
productive feeding ground for waders. It may also be protected from the more
severe effects of pollutants entering the main cPannel of the Tees from the
steel and chemical industries. |

By the 1970's the change to a more muddy substrate had produced several
important changes in the distribution and abundance of invertebrates on Seal

Sands. Bvdrobia ulvae had colonized since 1930 and was present in very large

numbers, whereas cocckles were absent and Macoma declining. Nereis diversicolor

had becare the dominant large annelid although being itself displaced in areas
of liguid mmAd bv. small olicochaetes (notably Paranais littoralis (Muller) and
Manayunkis gestuarina (Bourne) ), small polychaetes and nematodes (Gray, 1976),
while Corophium had diminished in most sections of the flats.

<. .

2) Changes in the number of shorebirds at Teesmouth.

The extent of post World War II reduct;‘.on in the available intertidal
feeding areas =t Teesmouth would have been expected to produce a marked decline
in the numbers of overwintering shorebirds. However, although there are
difficulties in camparing past records with more systematic counts of recent
years (i.e. B.T.O. / R.S.P.B. Birds of Estuaries Enquiry), it would appear
that the numbers of same species (those which prefer muddy substrates) have
increased. This has been most evident for Shelducks which have increased in
numbers from a few in the 1930's (Alexander et al.,1935to.a few mundred in 1950
(Temperley, 1951) and to around 1,000 in 1970. Similarly Dunlins (Calidris
alpina (L). ) numbered around 2,000 - 3,000 before 1960 (Stead, 1964) while in

1970 they were in excess of 5,000
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Amongst the wader species for which adequate comparison can be made, only
Curlews (NMumenius arquata (L),) have shown a convincing fall in numbers from
over 1,000 before 1950 (Stead, 1964) to between 200 - 300 in 1970, although
this has been attributed to the pollution of Bran Sands. The numbers of

l
Oystercatchers (Haematopus ostralequs L .) and Knots (Calidris canutus (L).),

species more characteristic of sandy estuaries where Cardium and Macoma are
most abundant, seem not to have changed since the 1940's. However, it is
possible that their use of the estuary itself has diminished in favour of
feeding on the adjacent cocasts and offshore rocks and which counts of the
estuary include. It would appear that while the total feeding area available
+o shorebirds was haing reduced, a feature which would alis0 intensify
shooting pressure and other disturbance, various aspects of the reclamation

| programme were beneficial to a number of species, albeit perhaps only
temporarily. The deposition of fine sediment, the changes in abindance of some
invertebrate species and the overall enrichment and increased productivity of
the flats by virtue of increased sewage effluent, seem to be important factors

contributing to the maintenance of high numbers of sane waders.
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THE STUDY AREA,

Althouch many of the physical features of Seal Sands and its environs have
been cescrik=d arilac wuitlini ; the story of ceclemation - Teesmouth, tl. sites
which made up my study area deserve rather more specific description. Broadly,
there are two divisions: firstly, the intertidal mudflats of Seal Sands (which
by the middle of ny study consisted of the North Area alone)} and secondly, the

fields and various pools, streams and dykes to the west of the estuary.

1. THE INTERTIDAL ARFAS OF SEAL SANDS. (Fig. 5).

The construction of the East/West wall in 1970 created the primary division
of intertidal areas during the present phases of reclamation, giving two areas
of flats which have been designated as the North and South Areas. During the
1972/73 winter, subdivision and reclamation of the South Area began and continued
during the course of the 1973/74 winter. Almost from the beginning of my study
in autum 1973, the two remaining unreclaimed subdivisions or enclosures of South
Area existed only in a modified form. The reclamation of these two enclosures is
recorded in some detail in this section since its timing and the methods by which
it took place were probably important in determi.ning the overwintering numbers of

some wader species for which the enclosures remained important feeding areas.



146

FIGURE 5 : THE DIFFERENT INTERTIDAL AREAS OF SEAL SANDS

WHICH EXISTED IN OCTOBER 1973.
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(i) The North Area.

This camprises around 350 acres (140 ha.) of intertidal sediments separated
from the main channel of the Tees by the small dune system of the 'Peninsula’.
Parts of these dunes were removed during the period of my study in the course of
developing a cCeepwater tanker dock. Disturbance during the course of its
construction caused the temporary abandonment of a traditional high water roost
of waders amidst the dunes.

The alrmost unbroken slag wall which forms the northern and western boundary
of North Area gives the flats a cut-off appearance. The northern boundary wall
extends eastwards forming Seaton Snook which separates North Area from North
Gare Sands. Thzre tac heen nn Jevelopwent -4 =zlimarsh aiong this perimcter,
probably because the tidal amplitude is so great. The marshland and rough pasture
which\ this wall once protected has mostly been given over to industrial develop-
ment :.i:;rmcluc'.l;ing a C.E.G.B. power station and 3 British Titan Products titanium
dioxide factory, as well as docks and a variet;y of smaller factories. Only parts
of Greenabella Marsh (to the west) and Seaton Common (to the north) lie
undeveloped immediately adjacent to North Area.

Greatham Crezk empties intc the south-w= -t corner of North Area and this
quite small river, being highly charged with human sewage, is largely responsible
for the enrichment of substrates within North Area.

To the west of the Al78, the.channel of Greatham Creek is quite diffuse,
canprising some 40 acres of saltmarsh (now the only representative of this
habitat on the western side of the estuary) and a small area of mudflats. For
convenience and because of its position this portion, although estuarinel, was not
regarded as being part of North Area but rather as part of the field areas.
Betveen the Al178 and North Area the channel of Greatham Creek is closely confined
by slag walls, but contains narrow marginal mudflats at low water, and,for .

purposes of counting birds that fed there,was regarded as part of North Area.
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At low water the waters of Greatham Creek follow a deep channel through the
flats of North Area close to its western boundary. This is joined by two north
flowing -channels which drained South Area before its enclosure and which continued
to form (although not sé praminently) the lines of.drainage from the enclosures
after the construction of the East/West wall which forms North Area's southern
boundary. During the course of the reclémation of South Area these two channels
deepened and other more minor channels developed through the flats of North Area
close to the East/West wall. This appeared to be due to the continual flow of
water from the enclosures which were infilled with dredged material. These
gullies were extended laterally by wave erosion as the flats were exposed and
“ouverad by ihe tige. As the infilling of West Enciosure progressed, the rine siit
fraction of dredged material was carried through the East/West wall and was
depos‘ited in these widened gullies and éhannels, and on adjacent areas of flats.
Probably ox;er 30 acres of flats were covered by this new sediment which in some
places exceeded 20 ans. in depth. The influence of this factor on the feeding
behaviour cf same shorebirds is commented upon in the description of the West
Enclosure {see subsequent sub-section). Temporary dredging activity near the
outlet of Greatham Creek in tl";e extreme south-west corner of North Area possibly h
created similar sedimentation (possibly over Greenabella Bank) as well as removing
an acre or so of the original surface of the nudflats.

The union of the channel of Greatham Creek and those channels draining South
Area creates Seaton Channel, which runs close to the northern boundary of North
Area, separated by only a narrow strip of steeply sloping flats to its north.

This major channel empties water from North Area into the main Tees channel close
to the river mouth. The position of the mouth of Seaton Channel, close and almost
pointed towards the sea, results in North Area being flooded by water derived
primarily from the open sea; very little polluted water seems to enter North

Area. It is probably for this reason that North Area has so far escaped some of

the more serious effects of pollution to which Bran Sands, for example, has been



149

subject. The bed of Seaton Channel was deepened by dredging in 1974 to facilitate
the removal of an oil drilling platform from Graythorp dock but whether this
disturbed any low water feeding grounds for shorebirds is uncertain.

Along the southeriY edge of Seaton Channel, Ig}lt separated from it by a
narrow strip of mudflats, is an old low ridge of siag now part-covered by mud
‘'which is exposed at around mid-tide. For this reason it is known as the mid-tide
wall. This 'wall' begins close to the point where Seaton Channel arises fraom
Greatham Creek and the other minor channels, and from here runs eastwards in a
slight curve to join the Peninsula. It is to the south of this wall that the
major flats of North Area lie.

The flals of North Area ~ve for the mest part gently 'mdulating, hovirsg few
deep drains through them. Much of the area becomes exposed between HWw+2%-3%.

On tz'xe basis of the location of major creeks and features such as the surface -
confi;urat:'lon of the mud, its consistency and the existence of surface water,
North Area was divided into a number of sectibns for the purposes of counting
birds and rscording their behaviour. These divisions are shown in Fig. 6

along with other prominent features which are referred to by name in the course
of this thesis. Fig. 7 stowe the approximate distribution of broad. sediment
types on North Area, this being a simplification of data collected by Evans and
Herdson (pers. comm.). During the early part of my study the areas of liquid

mud were extended considerably as described earlier, but probably these began to
develop when the East/West wall was constructed. Gray (1976) noted that sediments
over the whole area were noticeably finer in 1973 than in 1971. During autum
1974 there was a contrasting but slight change in the sediments close to tﬁe
East/West wall in that they became markedly more sandy. This occurred as the
result of heavy deposition of wind-blown sand from the unconsolidated surface of
the then fully-reclaimed parts of South Area, in particular from the former
North-East Enclosure. Towards the end of my study the development of the tanker

dock on the eastern edge of the Peninsula involved extensive removal of the sand
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dunes there, and again the removal by wind of sand fram the newly exposed surfaces
onto the North Area may have been considerable. This extraction activity again
created considerable disturbance of the rcost on the Peninsula. It seams probable
also that construction activity upon the North—East’: Enclosure which began in
spring 1974 and continued beyond the end of my stuay also caused disturbance to
the high tidal level feeding areas in the south-east corner of North Area.

‘Althouch my study did not include the collection of data on the abundance
and distribution of invertebrates on North Area, work to this end was undertaken
by other workers before and during my study, and these findings have been recorded
in detail elsewhere (Evans et al., 1979; Gray, 1976). However, it is relevant
here to rec.:d hriefly the firdings.

It app=ars that invertebrate macrofauna are not particularly diverse and
only four species occur at levels of abundance which make them important items in ~

A .

the diet of shorebirds. The small spire shell Bydrobia ulvae is the most

abundant of these and is widely distributed oﬁ firmer muddy substrates (substrate
types 5/6) where it was recorded at densities in the order of about 12,000/m2 in

autumn 1973 at the beginning of my study. Nereis diversicolor is the only

abundart large armelid and is the single most important food of larger weders.
It appears to reach its highest densities, up to 250/m2 (Gray, 1976), on fimm
muddy substrates (types 5/6), in similar locations, therefore, to those where
Bydrobia are particularly abundant. Although Macoma balthica (probably a
particularly abundant bivalve on Seal Sands kefore its increasing muddiness)
remains widely distributed, it is usually found at densities lower than 200/m?,

almost insignificant compared with maximum densities of over 4,000/m2 which occur

at Morecambe Bay (Prater, 1970). Although the quadrat data of Evans et al. (1979)
indicate that Macoma are most abundant within areas of muddy sand, observation
showed this food was taken most frequently where the substrate was very sandy, for
example, at higher' tidal levels adjacent to the Peninsula. Shore crabs,

Carcinus maenus, were widely distributed within the muddy substrates of North
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Area in autumn but are recorded as occurring in frequencies of 1 or 2/m2. They
were seen to be taken by Curlews, Godwits and Redshanks in auturn of both years
of my study. Usually crabs were taken by a small number of individual birds and
not generally by the population nor over a large area. The high frequency with
which they were taken by individuals suggested thaf relatively high densities
occurred in patches.

Only the larger size classes of Nereis, Macoma and Carcinus were individually
distinguishzble when taken by feeding waders over the distances of observation
required in this study. Smaller size classes of these species along with Bydrobia
coul@ only be distinguished and recorded when a definite feeding or swallowing
mwement was rmade, Included #lsn in this groap of prey (which I have laielad
'gmall items') were rarer macrofauna, such as Corophium volutator and a variety of
small polychaetes, oligechaetes and nematodes which comprise a major part of -
the very abundant meiofauna of Seal Sands. Gray (1976) records the polychaete

Manayunkia sestuarina (Bourne) and the oligoclj;aete Paranais littoralis (Muller)

as particularly abundant, the former occurring in stable substrates (for example,
the muddy sand comprising most of the Central Bank) while the latter occurred on
imnstable substrates, such as th= very soft muds. Another polychaete, the tuk=
dwelling Polydora ciliata (Johnston) forms extensive reefs at low tidal levels
along Seaton Channel near its junction with the Greatham Creek channel. Small
oligochaetes and polychaetes were recorded by Gray in densities of up to
206,000/m2 and 30,000/m2 respectively, and the meiofauna as a whole was estimated
by Gray to have a biamass per unit area fifty times greater than the macrofauna on

Seal Sands.

(ii) The South Area.

At the beginning of this study only two enclosures of South Area, namely
the West Enclosure and the South-East Enclosure, remained available to waders and

wildfowl for feeding. The progressive reclamation of these enclosures began in
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early October 1973 and by February 1974 they ceased to be used for feeding at low

water.

The following description of these two areas outlines their reclamation:

f

(a) The West Enclosure.

Formerly this was a gently sloping area of soft mud and firmer muddy sahd
comprising around 240 acres (95 ha.) and containing centrally a major channel
which drained the southerly parts of South Area. When my study began a portion
of saltmarsh existed at the extreme southern end of the enclosure bordering the
main access road to the then embryonic Seal Sands industrial complex. This had
developed since the access road was constméted. in the mid 1960's. No informa-
tion concerning the nature of the substrate nor the invertebrate densities of the
original flats is available,

In early October infilling of the West Enclosure began by pumping in mud,
sand and gravel, then being dredged from the tanker dock under construction
adjacent to the south-east corner of the North Area. Initially infilling began
at a point mid-way along the eastern edge of the enclosure, immediately adjoining
the North-East Enclosure which had just been reclaimed. ThJ.s, however, stopped
shortly afterwards, and infilling, again with dredged material, recammenced at
the southern end of the enclosure. This renewed infilling was carried out by two
discharge pipes and quickly built a barrier of debris which removed tidal
influence to the small South-East Enclosure.

The process of infilling with fluid dredgings created deltas of coarser
material since the heavier boulders and gravels were deposited fram the water
body carrying them almost immediately they were discharged. Beyond this, finer
sands were washed outwards to form an extending fan-shaped deposit while further
away still, silt and mud were deposited as campletely waterlogged ‘liquid mud'.

As the depth of coarser material built up around the discharge, the pipés were
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raised and moved forward and thus the deltas pushed northwards along the
enclosure. At any one time a considerable portion of the extending deltaic
system was above the level of ordinary tides, enabling feeding to occur there
throughout the tidal c¢ycle., Beyond the distin'_ct edge of the deltas, the finer
material was deposited more generally over the orig!inal surface of the flats hut
appeared to accumilate particul'arly at the northerly end of the enclosure adjacent
to the East/West wall. In fact, as has been noted in the previous sub-section, a
considerable amount of fine sediment passed through the wall to be deposited on
the flats of North Area, notably on the Greatham Creek Area.

By mid-December 1973, when active reclamation ceased, approximately half
+the West Enclesure was completely infilled with coarse materizl and two thivds of
the remainder was rendered useless for feeding of most waders, simply by the
great depth of liquid mud.

The method of infilling by using fluid. dredged material rather than by
tipping, seamed to have the peculiar effect of making invertebrates, particularly
Nereis, more available to waders. This feature of reclamation was possibly of
considerable importance to the populations of same species at this time. It
app=ared that the deposition of new sediment, whether comwprising coarse sands as
along the margins of the deltas, or liquid mud on top of the original surface
of the mudflats drew the invertebrates fram the deeper substrate. Once in the
new substrate, these invertebrates were readily captured and Godwits, Grey Plovers
and Redshanks in particular took immediate advantage of this food. Ewven Dunlins
were seen to capture very large Nereis which they would be very unlikely to
obtain in normal circumstances. While it might be expected that invertebrates
would move upwards in a sediment as it increased in depth, possibly taking up
stations at depths similar to those in the previous substrates, the reason for
their unusual availability is not known. It might have been that invertebrates
were forced almost to the surface of the new sediment and were thus nuch more

readily detected. Alternatively, they might have becamne more active and again
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more easily detected within the new sediment. While the deposition of sediment
over a relatively small area might have resulted in exhaustion of the prey forced
to the surface, the progressive feature of the reclamation meant that new areas
of the original flats were being affected at a fairly steady rate as the deltas
moved northwards, giving pert;aps a reasonably constant yet much enhanced food
supply. In fact, the continuity of infilling seemed vital to maintaining the
food supply. When the active process of reclamation finished, the area abruptly
ceased to be attractive.

The West Enclosure continued to be used as a roost at high water and
there was e resurgence of feeding there, especially by Redshanks, but this was
confined tc the course of the overflow frou the South-Easi enclosure as this was
infilled ir February 1574. It is not known what prey were taken but it seems
unlikely that they were derived from the original sediments of West Enclosure
since these had been buried for about four months by eight feet of debris at this
particular point. More likely, .the food was obtained fram the water body of the
overflow which was more or less continuous and allowed feeding throughout the
tidal cycle.

In summer 1974 infilling of the West Enclosure was resumed and by autum it
was almost completely reclaimed. Thereafter, it remained virtually undisturbed
and the new surface came to hold a temporary pool which frequently attracted
almost the entire North Area population of Grey Plovers as a roost over high

water.

{(b) The South-East Enclosure.

This 60 acre (25 ha.) enclosure was available for tidal feeding for only the |
first two weeks in October 1973, after which date infilling at the south end of
West Enclosure removed all tidal influence. It soon came to hold a large and
permanent body of water, mainly deriv_ed from burst and overflowing pipes carrying

the dredged material to West Enclosure. In this condition it provided only
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limited feeding opportunities for waders, with a few Redshanks and Dunlins
feeding at high water in the sparse saltmarsh at its eastern end.
| Infilling, again by dredged material, began in late January 1974 and
continued through early February. Infilling occurred directly into the water
body, so that many of the peculiar benefits in terms of improved food availa-
bility were lost. Feeding by waders was of necessity restricted to a narrow
margin from several yards just above the water's edge (in the area coursed by
the discharge) and extending as far as the birds could wade. Godwits in
particular fed almost exclusively in the water in this situation.

As was observed in the case of the West Enclosure, feeding here ceased

abruptly when active reclanation stopped.

2. THE FIELD AREAS NORTH OF THFE ESTUARY.

For the purposes of estimating the extent of field feeding, a total of
around 1675 acres (670 ha.) of fields and pools were included in regular
counts of birds feeding or roosting there at high water. For the most part, these
were areas of rough pasture disected by freshwater and brackish dykes with small
permanent pools, but more generally subject to temporary flooding in winter. 1In
association with these are a nurber of major pools subject to a variable degree
of flooding.

Below, the different and distinctive components of the field areas and each
of the major pools are briefly described and each are identified in Fig. 4

Seaton Comon (162 ha.) This comprises a relatively small area of rough grass-

land with shallow dykes, same subject only temporarily to flooding, and with one
rather diffuse and shallow pool. This whole portion was heavily grazed by horses
throughout my study. The greater part of the common consists of a golf course

fairway system and this was subject to regular and often heavy disturbance. On
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the whole, the common was used only sparingly by waders either for feeding or

roosting.

Greenabella Marsh (101 ha.) This camprises prob;ably the roughest and most

truly marsh-like of the field areas. Close to the boundaries with Greatham Creek
and North Area exist a wide and elongated series of pools, fringed by rushes in
some places, but_ mostly very open along their margins. This was an important
roosting and feeding area for Curlews, being little disturbed during the day and
being close to North Area. The marsh was regularly but never heavily used for
grazing by horses.

ouring toe cowrse of my study, a road .as constructad accoss wnis mush fran
its north-west to south-east corner. The disturbance by construction seemed to

have more effect than the existence of a completed road.

Brinefields ( 140 bha.) As a whole, the Brir_;efields were very heavily grazed
both in summer and winter, the grass sward being typically short. The area is
disected by a system of small, permanent and.temporary dykes, and portions of
pasture were subject to winter flooding but siich pools were lever extensive.
Brine is actively extracted from deposits below the area, and hence its name.
The principal area used by waders over the high water period was that
immediately around the old, cut—off channel of Greatham Creek. This large
creek is tidal and probably contained water of high salinity since the inflow of
freshwater was generally slight. The fact that the channel is flooded only at
the extreme top of the tide attracted many waders for feeding over high water,
including Godwits. The majority of the channel is shallow and on ordinary tides
is probably less than a foot deep over half its area. What prey were taken by

birds feeding here is not known but may well have included Nereis.

In autum 1974 a settlement lagoon close to the old Greatham Creek channel

(and in fact once part of it) was filled in and associated with this a new
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brine extraction head was set up nearby after a month or so of drilling. During

periods of disturbance from this source, the channel was abandoned.

Cowpen Marsh (190 ha.) A moderate to heavily grazed rough pasture containing
]

a mature system of drains, some of which are of large size and specially managed
since the marsh became an RSPB reserve. At no time in my study was this an
important roosting area for waders, although small groups of Curlews moved to

the more irland parts of it and occasional Redshanks frequented the dykes.

Saltholme Pools ( 9 ha.) Two large freshwater pools separated by the Al78,

the wastern ponl lying withir improved past-e “hile the ~~stern pool wes bownded
in part by arable fields but with a dense area of rustes at its eastem end.

Both pools have very little shallow marginal water and were generally not

attractive to waders except when high water levels imumndated the surrounding land.

Dormans Pool ( 11 ha.) A large predominantly shallow pool heavily fringed with

rushes and very rough grassland which for the most part was ungrazed. At low
vater levels qui*+e large areas of mud were c-gxosed, providing attractive high

water feeding for some waders, especially for Dunlins.

_Reclamation Pond (22 ha.) This is the oldest enclosure of Seal Sands which
remains unreclaimed. Until the infilling of the adjoining Monsanto option,

from which it is separated by a slag wall, it remained subject to tidal flooding.
The original surface of the mudflats remains and is usually flooded very
shallowly by rainwater and by the overflow of water from Dormans Pool. Under
dry conditions the area of flooding diminishes so that up to three quarters of
its area is exposed but nevertheless the mud remains wet. The water is still

brackish. Under almost all conditions of flooding it provided feeding at high
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water for a variety of waders, especially Redshanks and Dunlins and also for

Shelducks, although what prey were available here is not known.

Monsanto Option_ (38 ha.) Although this enclosq:;e is almost canpletely infilled
with dredged material and the new surface must be in the order of 3 metres above
the original surface, substantial numbers of Dunlins and some Redshanks used
this area for feeding and roosting at times when it was partly flooded by

rainwater.
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AIMS OF THE STUDY.

An ohserved reduction in the nunbers of overwintering shorebirds could

result from one or both of two processes:

{1) By the settlement of smaller numbers of birds in autummn, that is
same weeks before individuals are likely to be experiencing diffi-
culty in collécting food at a sufficient rate. By same as yet
wknown means, individuals of a species might be able to anticipate

the approximate winter carrying capacity.

(2) By death or emigration during winter, arising fram the failure of

individuals to satisfy their energy requirements.

The inability of a bird to collect sufficient food sufficiently quickly
may arise either (a) because the stocks of invertebrate food either in terms
of density or availability are inadequate, or (b) because the time for which

the flats are exposed by the tide is simply too short to collect sufficient
food.

At Teesmouth there was both a major reduction in feeding area and in

potential feeding time during my study; the feeding area being reduced by
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approx:i.matelyzfs’fran 900 acres (364 ha.) in the winter of 1972/73 to 350 acres
(142 ha.) by the end of winter 1973/74, whilst feeding time was reduced fram
approximately 12 hours to 8 hours in each tidal cycle during this same pericd.
It seemed likely, in view of the magnitude of th,e, changes, that koth factors
would be involved in determining the overwintering populations of species

for which no 'predicted' carrying capacity had been established in autum.
However, the relative importance of reduced feeding area and feeding time
would ke expected to vary between species.

The purpose of my stucy was two-fold:

(1) To id~—tify the weaaxs By which shorehicds adapted v~ tha post

reclamation situation, assuming in fact they needed to do so and

were capable of doing so, and

(2) To try to determine the relative importance of loss in feeding area
and loss in feeding time in determining the overwintering populations

of different shorebirds at Teesmouth after reclamation was campleted.

These two problems are considered in respect of five species of
waders: Curlew (NMumenius arguata (L).), Bar-tailed Godwit (Limosa_lapponica

(L).), Grey Plover (Pluvialis squatarola (L).), Redshank (Tringa totanus (L) ),
and Dunlin (Calidris alpina (L).), and also a single species of duck, the

Shelduck (Tadorna tadorna (L).). Substantial populations of each species

overwintered at Teesmouth before Stage I of the reclamation programme began.
A number of other wader species, althouch making regular use of Seal Sands
at low water, sametimes in high numbers, have been excluded from my study,
either b.ecause of the difficulty of observation in the time available

(e.g. Ringed Plover) or because their dependance on Seal Sands for feeding

was erratic (e.g. Oystercatchers, Turnstones, Knots).
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Although a more complete insight into the effects of reclamation on
shorebird populations requires consideration of the responses of inverte-
brate 1$rey populations also, for example in terms of the standing crop
available for shorebirds and its sequential reduction during winter, my study
involved recording the responses of birds alone. |

Invertebrate densities on Seal Sands were recorded by other workers in
autum, winter and spring between 1971 - 1974 and this information is given
in the preceding description of the study area.

The zims and methodology of my work had a special relationship with
the study of shorebirds at Teesmouth made by Pienkowski between February and
May 1973. Pienkowski's stqdy provided baseline data on the numbers of
shorebirds using intertidal areas at Teesmouth and the extent of their
dependance on different portions of the estuary. He also provided gquantita-
tiv\e‘. neaéiu‘es of feeding activity in the pre-reclamation situation. In my
study these same measures of feeding activity were repeated, in accordance
with rationale for Seal Sands research at 'Iéesmouth prepared by Goss—Custard
(1972), both during active reclamation (1973/74) and after reclamation
was completed (October - December 1974).

Although the basic research methodology had been prescribed for me, I
collected information additional to this, and all interpretations of the

results are my own.
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METHODS OF STUDY

(1) GENERZIL, PROVISIONS FOR THE RESEARCH PROGRAMME.

(a) 2llocation of time for field observation.

Between October 1973 - March 1974 and October 1974 - December 1974
the s\"l\::.udy &rea at Teesmouth was visited on an average of three days each week.
Between October - December 1973 emphasis was i)laced on obtaining observations
of feeéing behavio;Jr during the day with only occasional visits at night.
Throughout the remain_der of my study there was a more equal spread of observa-
tion by day and night, includinm observaticn through_out eac tidal cycle on
any one day. For example, in a week when low water occurred around mid-day
and midnight (spring tides) observations were made from approximately dawn
to dusk on the first day and from dusk to dawn on the following day. In the
following week, when low water occurred around dusk and dawn (neap tides),
observations were made from mid-day to midnight on one day and vice versa the
following day. - This regime of study overcame the inevitable bias resulting
from the desire to maximise observations of feeding behaviour towards days
with the longest period of exposure of intertidal areas in daylight. The
third day in each week was used for counting the numbers of birds present on

the estuary or adjacent areas, as outlined below, and in making up deficiencies

in the number of cbservations of feeding behaviour.
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Between April - September 1974 the numbers of waders and Shelduck at
Teesmouth were low and observations of feeding behaviour were difficult
because heat haze reduced visibility. During this period, therefore, the
programme of study outlined above ceased, apart frgm monthly counts which were
continued so as to determine the pattern of reducEim and build up of numbers

through spring and early autumm migratibn, respectively.

(b) rethods of field observation.
21] observations of feeding activities were made with a Swift

15 - 60 x telescope. Movements of birds, location of feeding and roosting
flocks at hich watcr were vistched and cowr s at low water .ede with 20 » o0
binoculars.

The system of slag walls enclosing portions of Seal Sands, particularly

N .

the ﬁast/v;?est reclamation wall,provided vehicular access to points frem which
all important feeding areas for waders and Shelducks could be observed. A
long wheel base landrover was used as a mobile hide and this permitted close
approach to feeding areas with minimal disturbance of birds. It also allowed
movement to a nurber of different observa'ion points throughout each day.
Only by the use of this vehicle could the feeding activities of all species
be monitored adequately: a series of static hides approached on foot would
have restricted my study to one or two species only.

The slag walls, raised some 15 feet above the flats, provided an excellent
range of vision which was important for the accurate determination of the

proportion of birds feeding, since most feeding areas were between 150 - 350 m.

distant.

(c) _Recording field data.

All measurements of feeding activities and counts were recorded on
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a battery powered cassette tape recorder, tapes being transcribed on return to
Durham. Generally two tape cassettes, allowing 30 minutes recording on each,
were adequate for each field visit.

The times used té describe cobservations and ,counts in this thesis are
related to the time of high water preceding each observation; for exanple,
HWH+2 indicates two hours after the time of high water predicted for the mouth
of the Tees estuary.

All timed observations of feeding activity were made using a stop
watch accurate to !fo second. This degree of accuracy was essential for
measurements of searching rate of medium sized waders, such as Redshank, in
which all values were separated by 1o mors chian dne Sed™u. «t aight e
interior light of the landrover or a head lamp was necessary to read a stop
watch accurately but this caused no undue disturbance of feeding birds and
did not prevent the use of the telescope.

When recording feeding behaviour a single tally counter was used to

record less frequent feeding events.

(2) MONITORING OF SEASONAL AND TIDAL CHANGES IN NUMBERS oi gIRDS AND

AREAS USED.

A single monthly count of the five wader species and Shelduck using the
different éreas of Seal Sands was made at low water towards the end of each
month. All counts were made between one hour before and one hour after low
water at which period movement between different portions of the estuary and
within Seal Sands was negligible.

The typical programme of counting involved first walking along the mid-
tide wall counting birds along either side of Seaton Channel and along the

lower portions of Greatham Creek where it passes through the North Area.
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The relatively minor disturbance this procedure caused was clearly visible
and movement of birds were allowed for in totals. Birds using the remaining
portions of the flats were counted from the enclosing slag walls. Various
physical features of the flats, such as creeks and substrate boundaries, were
used to subdivice the area for convenient countiné. The same subdivisiaons
were also used for recording the location of each series of observations of
feeding activities.

" Between December 1973 and December 1974 low water counts were also made
each month on intertidal feeding areas south of the River Tees, camprising
Bran Sands and the offshore rocks and sea beaches adjacent to Coatham and
Redcar. These counts were made either the dav before or day after those for
Seal Sands and were again restricted to within one hour either sicde of low
water.

\'Non‘l;inly counts of waders ané duck at Teesmouth at high water were made
by members of the Teesmouth Bird Club as part of the B.T.O. / R.S.P.B. Birds
of Estuaries Enquiry. These counts, generaliy oconducted around the middle of
each month, provide useful corparison with my own records. However, because
of the temporary nature of many high water roosts of waders, numbers of those
were often underestimated when roosts were overlooked.

Regular counting of this type enabled the extent and patterm of seasonal
change in the numbers of shorebirds to be identified with reasonable accuracy,
though later experience suggests that counts at fortnightly or weekly intervals

would have been preferable during the autum when many birds moved through the

estuary.
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(3) QUANTIFICATION OF THE MEANS BY WHICH DIFFERENT SPECIES OF SHOREBIRDS

ADAPTED THEIR PREVIOUS FEEDING STRATEGIES TO THE REDUCTION IN INTER-

TIDAL FEEDING AREA AND FEEDING TIME.

(a) Estimation of the duration of feeding.

(i) Time spent feeding during daylight.

The proportion of feeding individuals of each species on the
section of flats being observed (e.g. North Area, West Enclosure) was recorded
once each hour, this value being termed the feeding intensity (FI). In the
case of larger waders such as Curlew and Godwit it was possible to count the
majourity ofi-1l individual- presert, even'r:‘.'; the Noith Ar-3. particularly &t
and above mid-tidal levels when birds were restricted to the more level flats.
Thg_se ra'_cher complete counts also gave support to the estimates of movements
to a‘and frcm Seal Sands (see below) and also provided a more accurate check on
the timing of any rapid change in numbers f,fom day to day as may occur, for
example, in relation to changes in weather.

For other waders complete counts of feeding and non-feeding individuals
- ware impossiblz, in the cese of Dunlins becauvse of their -small size, in e
case of Redshank, Grey Plover and also Shelduck because preferred feeding areas
were frequently in gullies and troughs in the flats and were not visible from
all observation points. For both Redshanks and Grey Plovers the general
approach was to determine the activity of as many individuals as were visible.
Fram same observation points and particularly at low water even this approach
provided insufficient numbers of either species for an accurate measure of the
proportion feeding. It became apparent during my study that resting birds of
these two species tended to separate from feeding groups thereby introducing
bias into recorded FI's. Grey Plovers, for example, tended to move out of

sight into channels and creeks in the flats when not feeding, thereby resulting
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in overestimation of the FI, whereas Redshanks tended to move to higher,

firmer flats to rest and FI's were sametimes underestimated. For Shelducks and
Dunlins, the most numerous species using Seal Sands during my study, the
feeding activity of four or more samples, of perhaps 100 individuals each,

was recorded in well-dispersed areas.

Generally the activity of individuals was quickly determined. Wwhere there
was any doubt as to whether a bird was actively feeding, for example, if it was
standing or walking between pecking, the individual was watched until its
activity was clear. This proved most time consuming with Grey Plovers since
their characteristic feeding pattern involved infrequent pecking interspersed

with periods of movement ana long pauses.

(ii) Night feeding.

Not all feeding areas could be seen at night despite the quite
high general level of illumination provicded by nearby industrial lights.
However, it was possible to obtain a qualitative assessment of feeding inten-
sity. Uncer clear weather conditions there was little difficulty in identify-
ing actively fe2ding birds at considerable distances, and ior larger birds
the range of visibility was the same as during daylight when seen against a
wet substrate and in line with a bright light source. It was rather more
difficult to find rooéting individuals and small groups sincg most species
chose drier substrates for roosting and these reflected less light.

Despite these problems, it was possible to make a reasonable estimate of
the intensity of feeding of each species at night in the areas in which they
preferred to feed during daylight, and to pick up any major changes in feeding

distribution.

(iii) Field feeding.

Counts of the numbers of individuals of each species using
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the fields and marshes north of the estuary for feeding at high water were
made as frequently as possible. Effort was concentrated on days when high
water on Seal Sands occurred around mid-day, i.e. when intertidal feeding
areas were available for the shortest périod during daylight. It was

assumed that in this situation the FI in the fields would be maximal. At
least three field counts were mde at high water each month, following the
procedure of a 'standard walk' established by Pienkowski (1973). This included
all important field-feeding and roosting sites for individuals using Seal Sands
at low water (see description of Study Area).

Although these counts were not intended to include all birds using the
fields at higu water, but cather to check o representative sample of higd
water sites, it seems likely that all individuals of same species might have
been included, for example, of -Godwits. For Redshanks and Curlews on the
other hand it was evident that on occésions those birds feeding on Seal Sands
at low water dispersed widely and used temporarily flocoded pastures beyond
areas included in the standard walk.

Although the principal purpose of the field counts was to establish the
proportion ¢f birds using these areas -fo.r feeding, that is to provide a FI
equivalent to those prepared hourly fér Seal Sands when this was exposed by
the tide, only a single value was determined for each high water pe;‘iod.
Counts were made between one hour before and one hour after high water.

High water counts were not possible on all the field areas along the
standard walk at night, but occasicnal visits were made to larger semi-flooded

feeding areas adjacent to industrial sites, for example, the Reclamation Pond.

(iv) Movements.
By determining the numbers of birds moving between Seal Sands

and field areas during the tidal cycle, and combining this with the FI's
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measured in the two habitats, it is possible to calculate the actual time
spent feeding by the average individual of each species population (see
section (v) ).

Before infilling of the South Area of Seal Sands, movement of birds from
and to North Area as it was covered and exposed by the tide took place almost
exclusively to and from the enclosures of the South Area. This type of
movement still predominated for most species in October 1973 when the West
Enclosure was proving particularly attractive for feeding. From November
onwards, however, and throughout 1974, birds tended to disperse from the North
Area to a number of high water roosting and feeding sites on both sides of
the River Tec.s.

Thus in the pre-reclamation situation and in the early part of my study,
observai:ion along the East/West reclamation wall enabled an effective count
tr.) be made of birds using Seal Sands. Subsequently. counts of moving birds
generally included less than % of the total ;llumber known to be feeding on
North Area at low water, becausé of the distances involved and variable
visibility. However, the counts are assumed to provide accurate information
on the proportions of birds mcring to the different: sites.

Ideally, movements should have been monitored throughout a complete tidal
cycle, for example, before and after low water counts conducted about mid-day.
However, in mid-winter a complete tidal cycle could not be observed during
the 8 hours of daylight and frequéntly poor visibility precluded cobservation
of movement on chosen days. For these reasons, estimates of movements in
each month were composite, with movements away from and on to North Area
being counted on separate days within the same week. Since variation in the
timing and size of movement on spring and neap tides was slight in the post-
reclamation situation, movements for two camplete tidal cycles were compiled
near the beginning and end of each month on days which were convenient with

respecE to available daylight and visibility.
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In the 1973/74 winter most birds moved between the North Area and fields
to the north of the estuary, or to the remaining parts of the South Area. At
this time both monthly counts monitored movement in this northerly direction.
In autum 1974, however, heavy movement, on occas'ions including most
individuals of some species,” for example Godwits énd to a lesser extent
Dunlins, took place to roosts south of the River Tees. This apoeared to
develop as the result of increasing disturbance in the immediate vicinity of
traditional roosts adjacent to North Area. For this reason movements to the
north and to the south of the Tees were recorded separately on one occasion
each month between October and December 1974.

Together the records ¢f moveineat o the oouth :d nort of the estuiiy

covered by the tide. The hourly counts of Curlews and Godwits,made to
determine feeding intensity,also served to confirmm the timing and extent of
movements in these species. The critical perlod for movements occurred as
the water reached somewhat above mid-tide level (when preferred feeding areas
were covered or exposed). At these times the numbers of other species, for
example Grey Plovers, ocould also be counted svificiently accurately to
detect any unusual change in the pattern of movement, -for example, in

relation to cold spells or the use of new roost sites.

(v) Cal_culation of the actual time spent feeding in

each tidal cycle.

The FI's recorded in field areas at high water and each hour
at other stages of tide on Seal Sands relate only to that proportion of each
species population present. By determining the pattern of movement between

field and intertidal areas this proportion can be quantified for each hour,
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thereby providing a weighting for respective feeding intensities. This may
be illustrated by the following exanple.

At HW2 the FI of a wader species measured on Seal Sands was 80% but
only 40% of this species' population was present . If no other birds of this
species were feeding elsewhere, the true FI of thé population was only 32%.
However, if the remaining 60% of the population were on field areas and
maintained an FI of 20% (recorded at high water on the previous day), this
is equivalent to an FI of 12% with respect to the whole population. The sum
of these two corrected (i.e. weighted) FI's for the two feeding areas gives
an overall FI of 44% for the whole population at HW+2.

For ease of presentation, the two crirected ¥J's for Seal Sands and the
field areas, respectively, may be plotted as a box diagram in which the

horizontal axis represents the 12% hour tidal cycle and the vertical axis

.-

the écmpléte species population (100%). When FI values for each hour of the
tidal c-ycle are plotted (as illustrated in Fig.8 ) it is possible by
summation to determine the proportion of the 12% hours for which the average
individual of this _species actually fed. 1In the box diagram the total
available feeding time is equivalent to the area of the box. in this case

125 cmz, while the area which represents the proportion of feeding time used

(left unshaded) has an area of 65 cm2, that is, 52% of the available time.
This value is referred to as the Percentage Feeding Time (PFT).

The PFT index first developed by Murton et al.(1964) has several-limitations
both in its calculation and its application. Tt is based on a variable nurber
of measu'res (which in my study were necessarily collected on different
occasions) and no confidence limits can be attached. Additionally, the
measures incorporated differ in their accuracy. For example, the record of
FI at high water mekes a significant contribution to the overall PFT and may

be critical in species being limited by feeding time, yet this FI could be

measured on only one occasion over high water but was assumed to apply through-
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out the four hours for which intertidal areas were unavailable. 2dditionally,
and again,perhaps particularly relevant to those species experiencing difficulty
in obtaining sufficient food, the PFT relates only to hours of daylight. It is
possible that PFT may be maximal during daylight ,a'lt all times of day but vary
at night as necessary. PFT at night could not be calculated. -

Each PFT for a species,- which in this study has been calculated as an
overall monthly value, relates to an average bird; it does not take into
account the fact that the feeding time required by individuals will vary with
age, sex, social status and general feeding ability.

Notwithstanding these reservations, PFT values do provide a useful means
of comparisaii of pre-and post-reclamation feeding behaviour in daylight,
enabling et least marked trends to be identified more clearly. However, it is
possible that changes in the PFT at night may represent a more important
behavioural adaptation to reclamation but. as noted above, this could not be

calculated.

{(b) The foraging behaviour ancé diet of shorebirds.

Sinc~ it was predicted before my study began (Goss- Custard, 1972;
Evans, 1973) that shorebirds were likely to adapt to the reduction in feeding
area and feeding time caused by the reclamation of the South Area by modifying
their searching and feeding rates, I intended to make detailed and systematic
measurements of these two aspects of foraging behaviour.

On each occasion which I allocated for studying foraging behaviour, I
aimed to record the feeding rate and/or searching rate of at least. twenty
individuals of each species. In each month it was hoped to obtain a series
of records for each hour between HW+2 and H¥+10 (that is, during the period

when preferred feeding areas were exposed). Over the study as a whole it was
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hoped to collect data under a variety of climatic conditions, particularly
during extremely cold weather when any influences of reclamation on foraging
- were expected to be more pronounced. In practical terms, however, this
programme proved too éﬁbitious and could not be achieved in the time which I
had available for field work. These aims were approached most closely with
respect to the larger shorebirds such as Shelducks and Curlews, but for same
species cata were obtainable very irregularly due, to a great extent, to the
peculiaritv of the birds' behaviour. This was particularly the case with
Redshanks, z species whose numbers on Seal Sands varied so enormously during
the winter, because of day to day variations in numbers using flooded fields,
that a sample- > tvienty bird:s could not allys o8 Found. IZein wac.. theix
numbers we-e initially high on the ebb tide, many disappeared from view
in (ixfeeks end channels within the flats at lower tidal levels, such that once
agair‘L the sanple of observable individuals was inadequate. Also, in Grey
Plovers there was a tendency for all individl;lals to nbve to the central portion
of Seal Sands at low water. At this range swallowing movements could not be
seen, so that I was frequently unable to record their feeding rate between
H#H5-7. For (xdwits and Curlews there were fow difficulties of this sort
since not only are they larger birds, but their preferred feeding areas,
around the mid tidal level, were flat and relatively easy to observe.

The manner in which feedi}lg rate and searching rate were measured are

outlined below.

(i) The measurement of feeding rate.

This cawprises two elements, the rate at which birds attempted to catch
prey and the rate at which they actually caught prey. These were recorded

simultaneously, individuals being observed for periods of one minute.
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(a) Attempts made to capture prey.

In Godwits and Curlews occasional pecks at the mud surface were not
considered as attempts to capture prey but as a means of detecting a prey item
(although small prey were taken on rare occasions). Such movements were
normally a preliminary to probing the bill into the substrate if prey was
detected. Only probing was therefore récorded as the most realistic measure
of the rate at which birds attempted to catch prey. The difference between
surface pecking and probing by these two species was distinct, except where an
individual fed in shallow water or in very liquid mud, for example, in the
West Enclosure during the course of its reclamation. Since these feeding
situaticus were ot favowred oy cither species, individuals in such sites were
not recordsd. When probing for Nereis both Godwits and Curlews made several
plunging movements of the head without necessarily removing the bill from the
substratun;. A separate probe was recorded only when the bill was removed from
the substretim. Usually three or four probes of the bill were made to capture
a wom;

For Grey Plove;s and also for Redshanks when the latter were feeding on
tirm substrates, both pecks uud probes were recorded as feed.ng movements
by which prey were likely to be taken. In fact most prey were taken by pecks.
or shallow probes wh_ich were almost indistinguishable. Deep probing by
Redshanks was rarely observed and was impossible for the short-billed Plovers.

Reéshanks feeding in liquid mud generally used swishing, a feeding technique
in which the bill, inserted to about half its length in the substrate, was moved
from side to side as the bird walked forward, in the manner of a feeding Avocet.
Usually prey seemed to be detected by contact rather than by visual cues. Thus
the swishing motion of the bill was not a discrete feeding movement but rather
a searching movement. Hence, of necessity, I had to obtain measures of the
feeding behaviour of Redshanké by the observation of those small numbers of

birds which fed by pecking and probing.
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Similarly, the rate at which Shelducks and Dunlins attempted to capture
prey could not be measured since discrete feeding movements were not
distinguishable,

(b) The rate at which prey were captured. .

The number of swallowing movements per minute and the identity of
large prey were recorded for Godwits, Curlews, Grey Plovers and Redshanks
(when pecking and probing). In addition I measured the size classes of those
Nereis larce enough to be recognised (generally those over 15 mm. in length),

recording the lengths of the worms taken in terms of the birds' bill length,

for example, 4, %, 4, in the case of Godwits; x 1, x 1%, etc. for Grey

« Plovers. When recording this icformation 1. the Tield, allowance was ma™

Ffor wormns which were unusually stretched or contracted and for worms broken
into a number of separate pieces, the latter occurring frequently when Godwits

took them.

"(ii) The measurement of searching rate.

Searching rate was measured in two ways, the basis for each being pacing
rate.

For Godwits, CQurlews and Redshanks (when pecking and probing), birds
employing discrete feeding movements interspersed with pacing, the method
described by Goss-Custard and Rothery (1976) was used. This involved measuring
with a stop watch the time taken for birds to make five paces and at the same
time recording the number of exploratory surface pecks, if any, that were made.
Records of indivicuals probing for a prey which was detected or actually
capturing prey were excluded since the aim was to include only those movements
associated with searching. When graphed, the relationship between the time
taken for five paces and the number of pecks is approximately linear and the
regression provides an intercept which represents the time for five paces in

the absence of any time spent surface pecking, that is, a basic searching rate.
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The foraging behaviour of Dunlins and Shelducks precluded the use of
this method and for these species the number of paces taken in 30 seconds was

counted. This value represents, in effect,a cambined rate for feeding and

searching-

f
For Grey Plovers no satisfactory methed of measuring searching rate was

devised.
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CHANGES IN THE NUMEERS OF SHOREBIRDS

USING SEAL SANDS AND ADJACENT FIELDS

AND MARSHES NORTH OF THE TEES ESTUARY,

The monthly counts of the chosen shorebird species which fed at low water
on Seal Sands are sho_vlvh in Table 1. Counts for the North Area and South Area
(the West and South-East Enclosures) are separated although the latter
remained a viab_le feeding area at low water only between October 1973 and the
end of January 1974.. The counts of birds feeding on nearby fields at low water
in the 1973/74 winter have been included in parenthesis in Table 1, while
counts there at high water are given in Table 2. .

" For each species these monthly counts are displayed -g.z;aéhically,
Figs. 9 - 11 , the numbers using different portions of Seal Sands keing
_distinguished in each case. The principal sections of North Area which each
species used for feeding are shov;rn in Figs. 12 - 14.

In the following sections the total use of Seal Sands, the numbers and
pattern of use of the North and South .Areas and the use of field areas are

considered separately for each species in relation to the reclamation

programme.



TABLE 1. CHANGES IN THE NUMBERS OF SHOREBIRDS FEEDING ON ml:;ERTIDAL FIATS AT TEESMOUTH.

- 4
L.W. field counts on north side of estuary between Oct 1973 - Feb 1974 and from Oct - Dec 1974 are given in parenthesis.

SHELDUCK OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

North Area 1240 750 921 716 448 420 100 6 © 250 96 250 450 830 1070 980
South Area 20 210 25 - - - - - - - - - - - -
Total Seal Sands 1260 960 946 716 448 420 100 6 250 96 250 450 830 1070 980
(6) (15) (22) (41) en - (12) (2)
GREY PLOVER
North Area 63 49 98 35 88 84 50 16 3 10 32 9% 50 72 73
South Area 190 90 5 58 - - - - - - - - - - -
Total Seal Sands 253 139" 103 93 88 84 50 16 3 10 32 9% 50 72 73
CURLEW
North Area 250 120 101 76 146 102 120 10 100 180 95 130 50 150 92
South Area 18 71 10 .' 6 - - - - - - - - - - -
Total Seal Sands 268 191 111 82 146 102 120 10 100 180 95 130 50 150 92
(3) (2) (10) (6) (9 (4) (15) (6)
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TABLE 1. (continued).

GODWIT ocT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOov DEC
North Area 65 52 175 52 118 105 50 2 4 31 83 70 55 78 65
South Area 310 160 48 145 - - - - - - - - - - -
Total Seal Sands 375 212 223 197 118 105 50 2 4 31 83 70 55 78 65
DUNLIN
North Area 6780 6270 7730 3870 2268 2220 3500 2000 320 2800 23500 6100 7200 6200 4000
South Area 2930 2060 335 520 21 &0 - - - - - - - - -
Total Sea.l Sands 9710 8330 8065 4390 2289 2300 3500 2000 320 2800 3500 6100 7200 6200 4000
(150) - (192) (22)
North Area 117 193 200 47 470 115 300 12 200 320 400 466 170 180 140
South Area 780 565 74 '_550 6 15 - - - - - - - - -
Total Seal Sands 897 758 274 .‘597 476 130 300 i2 200 320 400 466 170 180 140
(50) (20) (10) {20) (28) (13) (17)

28t



TABLE 2. COUNTS OF WADERS AND SHELDUCKS USING THE FIFLD AREAS NORTH OF THE TEES ESTUARY AT HIGH WATER.

Date of counts.

*
18/10/73 24/10/73 7/11/73 20/11/73 22/11/73 2/12/73 4/12/73 15/1/74 19/1/74 2/2/74 17/2/74

Shelduck 0 0 1 0 0 30 i9 96 35 17 47
Grey Plover 6 20 0 0 0 0 10 25 19 11 14
Curlew 180 65 14 50 30 30 X 106 70 70 60
Godwit 90 20 0 0 0 0 0 40 0 10 10
Redshank 291 250 215 240 125 70 119 250 75 109 100
Dunlin 780 1640 1950 1270 1950 440 2330 3250 1670 1900 690

N.B. X indicates the disturbance of usual roosting/feeding sites and where no count was made.

* On this occasion there was a very severe frost and freshwater and wet pasture were temporarily frozen.

All counts apply to areas covered by the 'standard walk'.
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TABLE 2. {continued).

Shelduck

Grey Plover

Curlew

Godwit

Redshank

Dunlin

2/3/74 19/3/74 22/9/74 26/9/74 17/10/74 27/10/7-

65

30

119

760

26

110

178

937

14

22

12

185

555

11

35

415

460

100

520

1390

Date of counts.

1oy

60

260

1450

25

40

245

2160

10/11/74 12/11/74

56

16

120

1295

16/11/74

122

14

154

2800°

15/12/74 19/12/74

2 18

2 2

85 127
45 34
149 170
1850 1510

ST
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FIGURE 9:

CHANGES IN THE NUMBERS OF SHELDUCKS AND GREY PLOVERS FEEDING ON THE

INTERTIDAL FIATS OF SEAL SANDS.

The stippled area represents that portion of the population feeding
on the West Enclosure.
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FIGURE 10:

CHANGES IN THE NUMBERS OF BAR-TAILED GODWITS AND CURLEWS FEEDING ON

THE INTERTIDAL FLATS OF SEAL SANDS,

The stippled area represents that portion of the population feeding
on the West Enclosure.
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FIGURE 11:

CHANGES IN THE NUMBERS OF REDSHANKS AND DUNLINS FEEDING ON THE INTERTIDAL

FIATS OF SEAL SANDS.

The stippled area represents that portion of the population feeding on
the West Enclosure.
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FIGURE 12:THE CHOSEN FEEDING GROUNDS OF SHELDUCK AND GREY PLOVERS WITHIN

THE NORTH AREA OF SEAL SANDS.

: Initial feeding areas on the ebb tide.

7 . . -
/ / g Main feeding areas used at low water.

N\ Indication of the routes of movement to L.W. feeding areas.




FIGURE 13
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: THE CHOSEN FEEDING GROUNDS OF CURLEWS AND BAR-TAILED GODWITS WITHIN

THE NORTH AREA OF SEAL SANDS.

Notation: .

L ' Initial feeding areas on the ebb tide.

// / / / / Main feeding areas used at low water.
f\/'?

BAR-TATLED GODWITS.

Indication of thre routes of movement to L.W. feeding areas.
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FIGURE 14: THE CHOSEN FEEDING GROUNDS OF REDSHANKS AND DUNLINS WITHIN THE

NORTH AREA OF SEAL SANDS.

REDSHANKS . In this species there were no definite movements of birds to
particular areas as the tide ebbed.

7
== ///////////// /

Notation:

, _J' Initial feeding areas on the ebb tide.

//A Main feeding areas used at low water.

TN I Jication of the voutes of movamr:nt to L.W. feeling areas.

DUNLINS.
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SHELDUCKS.

The use of different portions of Seal Sands for feeding at low water in the

1973/74 winter. "

Dﬁring the early stages of reclamat-ion in autum 1973 the West Enclosure
was used only occasionally. At most, it held around 200 Shelducks at low water,
but more usually only 50 - 60 individuals were to be found there. Most
Shelducks therefore fed on North Area at low water from the beginning of my
study, and in October 1973 this involved around 1,000 birds. Around 80% of the
' birds using Korth Area usualiy woved to tiie west Enclosure at high water. This
movement did not appear to be directly related to feeding within the enclosure
since‘movement usually occurred when most portions of the North Area were
covered. By that time, despite the tidal del«_ay caused by the slag walls, the
muddy areas of substrate within the West Enclosure were also covered. By the
end of November almost all Shelducks remained on North Area over high water and
all feeding took place there.

The reclamation of the South-East Pnclosure did not provide satisfactory
feeding for Shelducks, no birds being present there at low water and only small
numbers moving there to roost at high water.

~The pattern of use of the South Area even at the beginning of my study was
very different from that recorded by Pienkowski (1973) in spring 1973. At that
time the South Area was more important for feeding, although up to 60% of the
population moved to and from the Morth Area as it was exposed  and subtﬁerged.
The numbers of birds involved in movements and the timing of movement was very
variable but nonetheless this was clearly an important part of this species'’

feeding strategy. The North-Fast Enclosure was the preferred feeding site of
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Shelducks in spring 1973 with between only 47 - 251 birds using the West
Enclosure.

It would appear that the reclamation of the North-East Enclosure had
effectively removed the South Area as a viable feeding ground. The West Enclosure
had not been a favoured feeding site and movement there over high water during
reclamation occurred only for roosting, since it still provided an element of
shelter and security. The active reclamation of the enclosures did not provide

favourable feeding conditions as it appeared to do for several wader species.

The use of fields «nd .rarshes.

Although small groups of Shelducks regularly moved to field areas at high
water, particularly to the former channel of Greatham Creek within the
Brinefields and also to the Reclamation Pond, the mgjority of the Seal Sands
population roosted on the estuary in both the 1973/74 wilhter ‘a:hd in autum 1974.
In the 1973/74 winter the highest recorded use of the fields was in Jamuary 1974
(96 birds), ané {lroug:.wout the spring recocis fre\y.:d;t'.;/' exceeded IC birds.
Generally when numbers using the fields were high, the proportion of birds
feeding there was also high, thus is seems possible thst after reclamation and
towards the end of the overwintering period when prey populations were probably
at their lowest levels of availability, some Shelducks were having to feed over
the high water period on the fields and pools. However, although the lowest
level of use of field areas in the 1973/74 winter occurred in autumn (when the
West Enclosure was available for feeding over part of the high water period),
equally small numbers visited the fields after reclamation in autum 1974
(maximum records of 25 individuals). There appeared to be no direct relation-
ship between the level of use of the fields and climatic factors, although the
high record of 96 birds within the 'standard walk' in January 1974 did coincide

with a particularly cold spell during that winter.
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The record of 87 birds using the Reclamation Pond in May 1974, almost the
entire population at that time, was exceptional. Also at this time many

paired resident breeding Shelducks were present in widely dispersed field areas.

Areas used for feeding within North Area. (Fig. 12).

Shelducks on North Area fed most intensively as the flats were exposed and
covered by the tide, feeding by upenaing and dredging food from the sulmerged
surface of the flats. Feeding in this manner was most concentrated over the
central portion of North Area, the Central Bank, and,as this became exposed,most
JE the popuiaet on settled on tids saction and thereafter £l by swishing ior
scything) .

i'!\round. low water fhe majority of feeding Shelducks were located in the
water ;Dr al;_lng the margins of Seaton Channel and on areas of wet mud bordering
the Central Bank, areas exposed after HWH5. énly small groups continued to feed
over low water in the muddy channels and slacks at higher tidal levels. In all
months of my study, the majority of the population ceased to feed over low water
ard a large roosting flock of Jhelducks developed on the Cential Bank. 'These
birds would typically begin to feed again as the tide flooded over the roosting
area.

Shelducks always showed preference for feeding in areas of ‘sticky’' mud,
avoiding areas of liquid mud such as developed in thosé portions of North Area
where fine outwashed sediment was accumulating (the preferred feeding sites of

Redshanks) due to the reclamation of South Area.

Seasonal fluctuations and numbers using Seal Sands.

In the 1973/74 winter there was a progressive decline in the numbers of
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Shelducks using Seal Sands from a peak in October 1973. There seemed to be no
relatioriship Tbetween this fall in numbers and particular stages in the reclama-
tion programme.

In autumn 1973 and 1974 the peak numbers and dverall levels of the popula-
tions were reasonably similar although peak numbers in autum 1974 were achieved

rather later than in 1973.

GREY PLOVERS.

e e R e =

1973/74 winter.

In spri_ng 1973 low water counts showed that just over 220 Grey Plovers made
r_egular use of Seal Sands, feeding being concentrated on North Area and within
the North-East and West Enclosures of South Area (Pielnkowski, 1973).

When my study began, therefore, two principal feeding sites for this species
renained. At the end of October 1973, 75% of Grey Plovers (190 birds) used tle
West Enclosure at low water whereas the maximum count there in spring 1973 had
been only 98 birds. This suggests that, as for some other wader species, the
procesé of active reclamation provided particularly favourable feeding conditions.
Within the West Enclosure feeding occurred in all areas of firm, sandy mud but
was particularly concentrated around the margins of the deltas of dredged
material. This concentration became more pronounced as fine sediment covered the
original flats. By the end of November 1973 the number of Grey Plovers using
the West Enclosure had dropped to 90, this being associated with a reduction in
the total Grey Plover population of Seal Sands. Numbers on- North Area also fell
slightly during November.

When active reclamation of the West Enclosure ceased the number of Grey

-
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Plovers feeding there at low water fell rapidly, such that by the end of December
1973 only five birds were present at that stage of tide. Those birds displaced
were acconmodated on North Area with the result that a peak in the numbers using
North Area for feeding ;;Jas recorded 11’1 December, nz?\mely 98 birds. This figure
is, however, substantially lower than highest low v;rater count on North Area in
spring 1973, namely 195 birds in early March.

In late January 1974 the distribution of Grey Plovers was again reversed
with birds previously feeding ocn North Area transferring to the South-East
Enclosure during the period of its reclamation.

The differential use of the North Area and the enclosures of South Area
Jdurityy reclanation was broaciy similar to ilhol of Golvits, Tris 1s perharx ok
unexpected since for both species the preferred prey at Teesmouth was Nereis
and both favoured feeding sites camprising firm mud/sand substrates. However,
Grey Plovers, unlike Godwits, retained the pre-reclamation pattern of movement
between the North and South Areas, that is wi-th up to 80% of the population
beginning to feed on the ebb tide on North Area, but with a substantial and
progressive movement thereafter to the South Area. Before reclamation this
inovement had the important effest of enabling individuals to feed for lang.r
periods of time due to the delay in the tidal cycle caused by movement of water
through the enclosing slag walls. During reclamation, however, the raised nature
of the deltas of dredged material and the manner of infilling, which provided
feeding throughout the tidal cycle in the West Enclosure, may have removed this
advantage of movement at least for Godwits. A possible ‘reason why Grey Plovers
adhered to their established pattern of movement may be related to the high
density at which waders fed on the West Enclosure deltas at high water. In these
situations the feeding success of Grey Plovers using their traditional
run-stop-peck feeding technique is likely to be greatly reduced (Pienkowski, 1973)

sufficient at least perhaps to make movement away from an otherwise very
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attractive feeding site the most beneficial altermative.
The use of fields and marshes.

During reclamation, when the enclosures of South Area provided valuable
feeding at high water, only occasional individuals were seen to feed within
adjacent field areas, although up to 25 were seen to roost there. After
reclamation was completed in early February 1974, and contrary to expectations
at the time, no more than four individuals were seen on the fields at high water.
Crey Flovers were seen most frequentl,  on the Brinefields in the —hammel of
the former Greatham Creek, but occasional birds frequented Seaton Common, the
Reclamation Pond and Dormans Pool, which are further fram Seal Sands.

In auturn 1974, the favoured area was again the Brinefields near the cut-off
Greatham Creek. but there appeared to be no increase in the overall use of

field areas for feeding.

Aress uscd within North Area. (Fig. 22 ).

The majority of Grey Plovers using North Area in Cctober 1973 fed in the
Eastern Channel, with a distribution similar to that of Godwits, that is birds
fed throughout its length with no special preference for feeding at the edge ;)f
the retreating tide. In November and December 1973 there was an increasing
tendency to follow the water's edge closely on ebb tides, the majoﬁty of birds
tending to rerra:ir'l in the Eastern Channel until its complete exposure hetween
HW+4-5. Thereafter birds moved to the Central Bank where feeding was
concentrated on the higher northern and eastern margins, that is areas of firm
sandy muds. This almost circular movement of the population through each tidal
cycle became more pronounced in January 1974, but in February the previously

strong preference for feeding in the Eastern Channel diminished, with birds
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tending to move more directly to the Central Bank as it became exposed.

‘With loss of the South Area for feeding over high water, Grey Plovers
remained on North Area until finally forced to move by the flooding tide.

In September and October 1974 the Easterm Channel was again the most
favoured feeding location and the circular pattern of feeding established in
mid-winter 1973/74 was repeated. At the end of Octcober 1974 this pattern again
broke down, as noted in February of the previous winter, to ke replaced by
rapid dispersal to preferred portions of the Central Bank.

While the changes in the pattern of feeding amongst the whole population
of Grey Plovers were distinct in both winters, not all individuals were involved.
Ticring almest e whole day o observation "otwesn late Ssptziber ar.! Decether
1574 a single Grey Plover, individually identifiable by a limp, was seen feeding
in one portion of Eastern Channel throughout the tidal cycle; this bird was
reluctant to move from its chosen feeding station and quickly returmed if
disturbed, defending it against members of thé same species. A similar observa-

tion was made of Curlews (p. 202 ).

Seasonal fluchi . tions and numbers using Se:l Sonds.

Although peak population levels occurred in early autum in both years, in
autumn 1974 this peak reached only 30% of the numkers in the previous autum.
(This might be an underestimate if the true peak in autumn 1973 had occurred in
September, that is before the beginning of my study, as it did in 1974).

In both winters the decline in numbers following the autumn peak paralleled
similar changes in the use of Seal Sands by Godwits and culminated in the estab-
lishment of a 'stable' overwintering population which was maintained with only
a slight, although steady, decline until April. There were no changes in numbers

which coincided with the temporary loss in the attractiveness of the enclosures



198

for feeding in December 1973 nor with their complete demise in February 1974.
. The 'stable' population level recorded on North Area in autum 1974 was
- below that established on Seal Sands in autiim 1973 and below the levels

achieved on North Area alone in spring 1974 when reclamation was completed.

The use of cifferent portions in Seal Sands for feeding at low water in

the 1973/74 winter.

The use ui the West Enclusuce by Qurisws aucig reclamtion never approached

the levels recorded for other Nereis feeders. The highest level of use occurred

in November 1973 when over 70 birds (30% of the population at that time) fed
there at low water. Before reclamation began, that is, in early October, less
than 20 Curlews fed here regularly, and in spring 1973 Pienkowski (1973)
recorded a maximum of 64 individuals. All birds showed preference for those
parts of the West Enclosure covered by fine sediment, that is, areas similar to
tlose favoured by Redshanks, rather than these chosen by Godwits or Grey FPlorsers,
but usually Curlews fed where the fine sediment was too deep for Redshanks to
feed (over 10 cm.), thereby achieving a spatial separation of the two species.
The reason why Curlews chose to feed primarily in areas.of deep sediment
was not apparent. On the contrary, since areas of deep sediment developed first
at lower tidal levels within the enclosure and were thus only exposed for a
relatively short period, it might have been expected that these would be the
least attractive of feeding sites. Furthermore, since the sediment had to pass
through a 'thin' stage before it became deep, it is possible that Redshanks
might have previously extracted many of the Nereis which were present thefe before

reclamation (that is, the worms present in the original sukstrate which were
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driven to the surface of the fine sediment).

During reclamation between 15 - 30 Curlews using North Area at low water
would move initially to the West Enclosure; as the tide flcoded, the majority
flew directly to the adjacent marshes and fields. , !mly occasional birds stayed
throughout the high water period on the West Enclosure.

Although Curlews, like other waders using the West Enclosure, appeared to
take the majority of prey items from within the fine surface sediment, many
large Nereis were taken by probing deeply, presumably into the original flats.

The reclamation of the South-East Enclosure did not create attractive
feeding for Curlews, as it did for Godwits and Grey Plovers. In this, Curlews
<ere «gain more similar to Kolshanks. and indeed smali numb.cos fel in the ..éso
Inclosure along the cutflow from the South~East Enclosure during its active

reclamation.

Use of field areas.

The fields and marshes in the vicinity of Teesmouth provided particularly
-ttractive feeding for Curlews in both years of my study. - The extent of f.eld
féeeding was suggested by the occasional use of North Area by a large flock of
Curlews additional to those normally present. Invariably the second flock
remained discrete and few individuals fed; and all birds in the flock left
together after staying on North Area for perhaps only two hours. This flock,
which first appeared in November 1973, returned on a number of occasions until
March 1974 at which time large numbers of Curlews ceased using Seal Sands.

- This ‘non--feeding' flock generally comprised over 100 individuals, the number
declining through the winter from a peak of about 150 birds in November 1973,
when its appearance on North Area was most frequent. It is assumed that these

birds were feeding exclusively on field areas north of the estuary, beyond the
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areas included in the 'standard walk'. Although it was expected that this flock
would have made use of intertidal areas when the flooded pasture areas were
unavailable in severe weather, this was never recorded.

A similar non-feeding flock did not appear on, North Area in autum 1974,
although the location and quality of feeding in field areas appeared similar.
However, occasional checks on field areas within the standard walk at low water
revealed the presence of small groups of Curlews, comprising 20 - 30 birds.
Clearly, there was once again no necessity for some Curlews to use intertidal
areas for feeding.

During sutum and mid-winter 1973 Curlews, like Redshanks, tended to remain
on North Area wnly while prafz.rad fecling acoas were ave 1losle. A stead,
movement to fields took place after HW7 and a return movenent between Hw+2-3.
In autum 1974 and in late spring 1974 movement from North Area was more
concentrated around HW+8!5 although this did not necessarily imply an increased
period of fesding cn North Area. B

In both years of study, Greenabella Marsh and the Brinefields were favoured
for use at high water by birds feeding on Seal Sands; frequently counts here
included 80% of Yirds present on. the flats at low water. all numbers also
used Seaton Common or Dormans Pool, but more frequently Cowpen Marsh was used as
an alternative to the Brinefields and Greenabella when these areas were subject
to disturbance.

The presence of an exclusively field feeding flock of Curlews in the winter
of 1973/74 and the prolonged use of field areas for feeding over high water 1n
both years - frequently exceeding 6 hours for birds using Seal Sands -
suggests that at Teesmouth the availability of suitable field areas was of great
value to Curlews and might be a major factor determining total overwintering

numbers around. the estuary.
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2reas used within North Area. (Fig. 13 ).

Movement. to North Area on the ebb tide occurred most frequently around
Hw+2%-3 as preferred feeding areas became exposed. 'This movement typically
included the majority of birds in a single flock. Only slight variation in the
timing of arrival on North Area occurred between spring and neap tides - major
variation being the result of disturbance of field areas.

Between Cctober - December 1973 two principal feeding areas were easily
distinguished within North Area: the 'Greenabella Bank' where over 100 birds fed
regularly at low water and, therefore, representing the single most important
fording site, aid subsidiary to this, the Central Rank. In January 1974 the
Greenabella Bank was used by progressively fewer Curlews and in February and March
perhaps only 3 birds fed here at low water. During this time all feeding became
concentrated ;m the Central Bank.,

The westermn portion of the Central Bank, comprising soft deep mud, was
preferred for feeding. Birds followed the water's edge closely on the ebb tide
and then dispersed more widely around low water over the Central Bank. At this
tiie, it was frequent to find snall numbers of Curlews, which had stopped feeding,
roosting on the higher drier parts of the flats.

The Central Bank was again a principal feeding area in autunn 1974, whereas
Greenabella Bank was only used by occasional individuals. The reason for its
popularity in autumn and early winter 1973 is not clear, although its use did
coincide with the period of active reclamation of the West Enclosure. It is
possible therefore, although there is no firm evidence for this, that Greenabella
Bank, like the portions of the i\'-orth Area immediately adjacent to the West
Enclosure where Redshanks fed heavily during reclamation, was subject to the
deposition of fine sediment which again made prey particularly ava}lable, albeit
temporarily. It was assumed initially that the distance of Greenabkella Bank from

the outflow from West Enclosure - over 200 yards - although in the direct line of
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water flow, would mean that very little new sediment would accumulate on this
section. FEowever, the intensity and timing of use was closely similar to those of
other waders for which reclamation more clearly provided very favourable ﬁeeding.
Although only small numbers of Curlews fed in the Eastern Channel of North
Area (the preferred feeding location of Godwits), the regular presence of single
birds in the same sites both during the day and at night suggested that some
individuals at least had a great tenacity to a chosen feeding site. Tt was not

established if these feeding territories were defended.
Seasonal fluctuations and numbers using Seal Sands.

In the 1973/74 winter there was a marked auturn peak in the numbers of Curlews
on Seal Sands (268 birds in Octoper). Mumbers fell stéac‘.ily thereafter until
January 1974 when the lowest population level (82 birds) was recorded. In late
spring 1974, although there was great week to week variatio'h in ‘Ehe numkers, there
was an overall increase in the use of North Area. It was not possikle in my study
to determine whether thes~ seasonal char~cs ir munbers i~ asscociated -ith movement
of birds to or from other estuaries, or whether novement between Seal Sands and
acjacent field areas was more important. The preéence in the vicinity of Teesmouth
of a large field feeding flock of Curlews, which frequenteZd Seal Sands on occasions
throughout the winter, gives same support for the latter hypothesis. F\thhenrore;
the abrupt decline in numbers using Morth Area between October and November coincided
with the development of the non-feeding flock of Curlews on Seal Sands. High counts
of Curlews on North'Area at low water in spring 1974 coincided with high numbers
of Redshanks visiting intertidal areas, and a large proportion of the population of
this species was also suspected of feeding exclusively in the fields. It seems
likely that both species would respond similarly to changes in the profitability of
feeding in the fields and thus that their occurrence on Seal Sands woulc follow a

similar pattern.
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While it was expected that peak numbers in autum 1974 might again occur in
October, it was at the end of this month that the lowest level of use was recorded,
there being 200 fewer birds present than in the same month of 1973. However,
more usually, just over 100 were present when hourly measures of F.I. were made -
therefore, the monthly count may be regarded as exceptional. Nonetheless, the
difference in October levels is considerable. By late NMovember 1974, however,
numbers had increased although they decreased again slightly in December. The
counts in these two months of 1974 were slightly lower than in the same months
of 1973 when considering Seal Sands as a whole, but with respect to the numbers
using !or'h Area alone they are reascnably similar ard this is so for respective
October counts also (using the 'adjusted' figure based .on ¥, I. comts). The small
differences between the levels of use of North Area in 1973 and 1974 are perhaps
to be expected in a situation where an attractive alternative feeding site also
exists, i.e. the field areas, and with which there nust have been same interchange
of individuals. The difference in numbers using Seal Sands as e;\whole between the
two years appears to result from a loss of those birds which fed on South Area'
in zulamw, 2973,

Before reclamation, in spring 1973, the numbers of Curlews using Nofth Area
at low water had varied fraom 47 to 168 (mean of .four counts being 105 kirds), while
Séal Sands as a whole had supported between 196 and 340 birds (the mean being 268)
(Pienkowski, 1973). The level of use of North Area during and after reclamation )
héd thus remained broacly similar to that recorcded before reclamation. There
had been no increase in use and those birds previously using Seal Sands had moved

elsewhere, althougl"x' not necessarily outside the Teesmouth area.
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BAR-TATIED GODWITS.

The use of different portions of Seal Sands for feeding at low water in

the 1973/74 winter.

In spring 1973, Pienkowski (1973) recorded that Godwits preferred to feed on
the North-East and West Enclosures .of South Area. Between 13 - 28% of the popula—-
tion moved fram the main roosts on South Area to feed on North Area as the latter
became exposed (mudflats being exposed earlier on North Area than on South Area
because of. the tidal lac. see p. 141) bhut some returned to South Area kefore low
water. The numbers of birds feeding on North Area at low water varied from 51
(26% of the population at that time) to 175 (25% of the population), the mean of
counts; on four occasions in February and early March 1973 being 113.

The reclamation of -the West Fnclosure (between Octobzar and early December
1973) and of the South-East Enclosure (late January to early February 1974) created
particularly favourable feeding conditions for Godwits and despite the loss of the
North-Eas'  Inclosure, the South Arzas ereoined the prefarrei feeding lozation for
this species during periods of active reclamation. Between 310 (83% of the
population) and 145 (74% of the population) Codwits fed ir the South Area at low
vater during reclamation, while the mumbers of birds on North Area at these times
varied from 65 (17%) to 52 (26%). lower numbers,therefore,than recorded on most -I
occasions before reclamation. In contrast to the situation recorded by Pienkowski,
those birds which started to feed on Nor_‘i:h Area as it became exposed remained
there throughout ti".’e exposure period. There was little or no return movement
of birds to South Area before low water nor was there a progressive movement to the
enclosures after low water.

2s has been noted, the process of reclamation of the West Enclosure created
deltas of coarser Cebris arourd the inflow points of the 'liquid' dredged material

and it was on the margins of these deltas that feeding Godwits concentrated.
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Before reclamation, in spring 1973 and at the beginning of my study in early
October 1973, feeding birds were well distributed over all sections of the
enclosure. Possible reasons for the attractiveness of feeding in the deltas are
considered on p.155 . Few Godwits fed in areas of finé outwashed silt and as the
depth of this sediment increased so feeding became increasingly concentrated on
the deltas.” No birds were seen to feed in mud over 5 cm. in depth, although the
feeding success of Redshanks in deeper mud suggested Nereis were abundant near
to the surface in such situations.

In the South-East Enclosure, which was campletely filled with water fram
mid-October. 1973, all feeding, of nece~sity, occurred on the immediate edge of the
deltas and here most birds fed in the water. |

In early December 1973 active reclamation of the West Enclosure ceased and
there was a dramatic fall in the numbers of Godwits using this section of Seal
Sands. At.the end of Décenber only 48 birds fed there. All Godwits displaced at
this time appeared to be accommodated on the North Area, 175 birds being present
there at low water at the end of December. At high water in late December and
early Jaruary, a few GoCwits contirued o feed in the West TMclosure, the raiséd'-
cdeitas of debris being available for feeding throughout the high water period.
When the reclamation of the South-East Enclosure was corpleted by early February,
the South Area ceased to be a viable low water or even high water feeding area.
Thereafter all Godwits were restricted to feeding on the North Area and 118 birds
were recorded there at low water at the end of February, that is between 60 - 70
more birds than used this section of Seal Sands during reclamation but similar to
the mean of numbers recorded there before reclamation (113) in spring 1973

(Pienkowski, 1973).
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The use of fields and marshes.

During reclamation only occasional Godwits were seen to move to field areas
at high water: the mjorif:y remaine¢ on the enclosures of South Area where the
raised deltas of dredged debris enabled feeding throﬁghout the high water period.
In late February and March 1974, when the enclosures provided no additiocnal feeding
over high water, small numbers did move to the Brinefields and to Greenabella
Marsh (adjacert to North Area) and a few birds did feed there. However, this use
was not requlzar and most of the population roosted on the partially reclaimed West
Enclosure.

Fram September to =sarly Novetber 1974, the ontire popuietion of Godw:Lts feeding
on North Arez at low water moved south of the River Tees to roost near Bran Sands.
During\this period no Godwits were seen in the fields north of the estuary. In
Novembef, however, small numbers began to move to the Brinefields at high water and
in mid-Decemker 1974 45 birds were present ther%e, 50% of the population using
North Area at this time. On all occasions some birds were seen to feed in the
cut-off channel of Greatham Creek, this being a tidal, although predominantly
krackish, body of water. During this period, small nmumbers of Godwits also fed,
just before high water, in.Greatham harbour.

Before reclamation Pienkov.vski (1973) recorded single birds using the field

areas on two occasions.

Areas used for feeding within North Area. (Fig. 13 ).

The principal feeding site of Godwits within North Area was the Eastern
Chennel, an area of firm muddy sand which retained a surface film of water, even
after low tide. Between October - December 1973 and October - December 1974
there was no apparent concentration of feeding towards the tide edge, except at

higher tidal levels, for example HiH2 and HWH9 when some birds regularly fed in
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the water. During these periods it was common to find between 50 ~ 75% of those
Godwits using North Area to be spread along the entire length of the Eastern
Channel even when it was fully exposed. Generally, those birds feeding in the
higher sections of the Eastern Channel were smaller, male birds.

In January 1974 there was an increasing tendency fo_'r Godwits to move from the
Eastern Channel before low water to other portions of Morth Area, in particular
to the Centrzl Bank.

The same sections of lorth Area were used for feeding by day and night,
and the pattern of dispersion on the ebb tide was similar, but there appeared to
be a preference at night for feeding in channels and gullies ;:ather than on the

oanen Elats whics was usually tie case in the Cay.

Seasonal fluctuations and numbers using Seal Sands.

In auturmn 1973 the peak numbers of Godmts using Seal Sands were in October.
A marked fall in numbers occurred in late October and early November, a loss of
birds largely fram those feeding in the West Enclosure. Population levels
established in 1_te November 1973 (197 - 222 birds) were maintaineci with only a
slight decline until February 1974 when a further decline in numbers occurred,
and this coincided with the complete loss of feeding even at high water in the
enclosures. This decline appeared to be separate from the more camplete emigration
in April and May, although Godwits do begin to leave other estuaries on the
north-east coast of Britain, e.g. Lindisfarne, .in 1ate. February and March
(Smith, 1975).

In autum 1974 there was no early peak in numbers nor any drop in numbers in
early autum. From late September until the end of my study in December, a
reasonably 'stable' population of between 55 - 78 birds fed on North Area. Thus
numbers were around 3 of those I recorded using Seal Sands during reclamation

in the 1973/74 winter, and lower also than the numbers present in February and
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March 1974 when the final post reclamation situation was achieved.

L

The use of different portions of Seal Sands for feeding at low water in

the 1973/74 winter.

The peak numbers of this species at Teesmouth are usually in September
(Prater, 1972). During early October 1973, Before reclamation of West Enclosure
camnenced, Redshanks were widely distributed over both that enclosure and North
¢ avea. By the rd:rof October however, 780 Redsharks were rsent - the West
Enclosure =2nd only 117 fed on the North Area at low water. Idrger numbers
moved initially to feed on the North Area, but rarely more than 250 individuals -
ahd, as nbers at low water show, many of these returned quickly to the West
Enclosure.

In spring 1973, before any reclamation of South Area, when the overall
nunbers of Redshanks using Seal Sands were considerably lower than in early
autum 1973, ‘he numbers on North Area varied fram 17 - 144, while on South Area
there were between 75 - 250, of which a maximum of 116 fed in the West Enclosure
(Pienkowski, 1973). Numbers using North Area were larger as it became éxposed
by the ebbing tide, but many of these birds moved to the enclosures before low
water. It would appear, therefor}e, that the numbers of Redshanks using North
Area before reclamation and during the early part of reclamation were similar
and that in 5oth pericds there was a similar pattern of movement between the
open and enclosed parts of Seal Sands. During reclamation the West Enclosure
clearly provided very favourable feeaing for this species and the level of use
of this area was very much greater than it had been previously.

Between October and December 1973, however, the use of the West Enclosure

diminished and at the end of December only 74 birds were present there at low
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water. The process of reclamation, although initially creating a very attractive
feeding site, ultimately made it useless for feeding. Of the 700 Redshanks dis-
placed fram the West Enclosure, around 80 moved to the North Area but the majority
disappeared from Seal Sands. In October and November, most Redshanks using North
Area moved to West Enclosure at high water, but in D’ecenber greater numbers moved
to the fields directly and this continued in spring 1974, In part, the reduction
in numbers mey have involved emigration from Teesmouth which was usual at this time
of year (see later) but it was not possible to distinguish this fram emigration
which might have been directly attrilutable to the loss of West Enclosure for
feeding. It seems likely that large numbers of Redshanks forced from the West
Enclosure were in fact feeding exclusively in the wet and flooded pasture arcund
the estuary. This is éuggested by the immediate increase in numbers using Seal
Sands when, in January 1974, the reclamation of the South-East ‘{:.‘-nclosure again
created favourable feeding for this species, mainly along the outflow channel from
the South-East Enclosure into the West Enclosure. The numbers recorded here at
low water at the end of January were similar té those in November 1973, and
included al;L those Redshanks previously using North Area.

Coincident with the end of reclamation of the South-—E‘as_t_ Enclosure in early
February, a large reduction occurred in the numbers of Redshanks using Seal Sands,
but again this was temporary. Subsequently, the use of North Area varied greatly
fran day to day. A maximum record of 470 birds fed there at the end of February.
The presence or absence of Redshanks on North Area did not appear to be related to
the timing of the tidal cycle (and thus the period of mudflat exposure) in
relation to daylight, but may ﬁave been associated with variation in the
profitability of feeding on the fields and marshes. The maximum use of North
Area in spring 1974 greatly exceeded that in spring 1973, although the regular use
of North Area in these two periods was possibly similar.

Within the West Enclosure Redshanks fed almost exclusively in areas of newly
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deposited 'liquid mud' where all birds adopted a 'swishing' feeding technique

(described later: see Foraging Behaviour). Most prey were taken from within the
new sediment, rather than by probing into the original flats. Redshanks showed
preference for feeding in areas where the 'liquid mud' was between 4 - 7 amns. in

depth but same birds continued to feed when the mud was 10 aus. deep.

Use of field areas.

In both winters of my study rainfall was considerably higher than average
and caused extensive flooding in pasture areas north of the estuary. These areas
cf surface watetr were €rozen o.ulY tenporarily aindg,therefors, prey-availability was
greatly reduced only in November 1973 and January 1974. At these_ times, feeding
away fram the estuary at high water was- restricted to brackish pools, such as the
Reclamation Pond and the former Greatham Creek in the Brinefields. e.g. HW on
15/1/74. During November 1973 movement to field areas was slight since the West
Enclosure was available for feeding throughout high water. The cold period in
this month did not seem to meke it difficult for Redshanks to collect sufficient
foud.

When mild wet weather prevailed after reclamation, it was frequently found
that most Redshanks, which normally fed on North Area as the tide fell, had left
by H#7. Generally, these birds moved to field areas immediately adjacent, that
is,areas included within the 'standard walk', notably the former channel of
Greatham Creek and the Reclamation Pond, but birds also dispersed widely through-
out the Brinefields. However, it was in fields beyond the'standard walk'that most
flooding occurred and large numbers of Redshanks were seen here on occasiohs at
low water by members of the Teesmouth. Bird Club (pers. comms.), although I did not
undertake counts there. The great day-to-Gay variation in the numbers of Redshanks
on Seal Sands after reclamation also suggests that a substantial portion of the

Teesmouth population of this species remained in the locality and fed almost
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exclusively on fielés.

In autum 1974 large numbers of Redshanks again fed exclusively on field
areas. However, the degree of flooding was less than in the 1973/74 winter and
this may have been an inportant factor in determining the overall wintering

population level.

Areas used within North Area. (Fig. 14 ).

During the early part of autum in both 1973 and 1974 feeding birds were
well dispersed throughout North Area despite some preference for feeding on wet,
muddy substrate-s., varticularlr ar the Slood +7Ge when most rrens had dried »ut.

2As the process of reclamation continued, fine cutwashed sediment was
depos\';ted on certain portions of the North Area immediately adjacent to the points
of outflow from the West and North-East Enclosures. This accumulation of liquid
mud appearec tc create particularly attractivé feeding conditions for Redshanks,
similar to those of the preferred areas within the enclosures. 1In these sites
Redshanks fed by swishing, as in West Enclosure, and again the use of these parts
of NMorth Area fell dramatically “hen active reclangtion ceas - d. This was
particularly true of the area adjacent to West Enclosure. During reclamation this
had attracted several hunéred birds, yet within a week of active reclamation
ceasing it held only one or two Redshanks, as it had done before reclamation. In
contrast, the wide channel from the North-East Enclosure. which haé been a popular
feeding site before reclamation began, although similarly attracting great numbers
of Redshanks during reclamation, remained a preferred feeding site after reclama-
tion, but the reason for this is not known. In addition, Redshanks regularly
used the channels and gullies within the central part of North Area after reclama-
tion.

In early autum 1974 Redshanks fed widely over North Area for a few weeks,

but throughout November anc December feeding was concentrated in gullies and
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‘other areas of soft mud especially within the Central Bank of North Area.

Seasonal fluctuations and numbers using Seal Sands.

]

The peak in numbers of Redshank."s using Seal Sands in autum 1974, namely
466, was recorded in September. Thereafter, numkers fell sharply to a level at
the end of October which was nearly maJ.nta:Lned until the end of December.
Day-to-day veriation in the use of North Area during this period could account
for the -diffsrence between the October, November and December low water counts and
my general irpression was that a relatively stable number of Redshanks used
¥xth Area at thals tie.

The nurcers of Redshanks using Seal Sands in autunin 1974 were lower than
in respective months of autumn 1973, the difference being greatest in Octcber
(a difference of 580 birds) and least (134 birds) in December. The use of North
Area alone, however, was more closely similar. In spring 1974 the considerable
day—to—déy variation in the use of North Area which has been attributed_ to the
changing profitability of feeding in field areas mekes it impossible to identify
a stable populaticn level similar to that ir autumn 1974 when f{eeding in field
areas was less attractive.

Although I was unable to study quantitatively the extent to which Redshanks
(and other species, e.g. Curlews) used the extensive pastures north of the River
Tees, it seems likely that the availability and quality of feeding there (which
must have been closely equivalent to that of intertidal areas in terms of net
energy intake) played an important role in supporting the population at Teesmouth,

especially in the 1973/74 winter.
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DUNLINS.

The use of different portions of Seal Sands for feeding at low water in

the 1973/74 winter.

p
{

Before reclamation between 40 - 86% of Dunlins using Seal Sands began
feeding on the Morth Area as this became exposed (Pienkowski, 1973). Usually,
the majority of those birds would remain there until the flood tide forced them
to move to the South Area, although occasionally (and particularly on neap tides)
there was a tendency for this movement to occur shortly after low water. In
anring 1973 Pierkowski recordd betwean 14, 3C0 - 6,700 Dunli-z® on Worth Ars-

(81% - 74% of the population) at low water campared with 6,100 - 2,000 on South

Area. The great majority of Dunlins (3,700 - 1,800) using South Area were found
in the West Enclosure and .this valuable feeding site was still available at the

beginning of my study. -

During the initial stages of reclamgtion, -when the West Enclosure was as yet
little affected by the deposition of .silt from. the dredgings used to fill the
site. rovement of Dunlins betweer the South Arez and North-Area continued tc ke
an important feature of this species' feeding strategy. The West Enclosure
remained an important feeding site with almost 3,000 birds present at low water
at the end of October 1973. Between October - December 1973 over 90% (8,700 -
7,700) birds moved to North Area to' feed as it was exposed. In contrast to the
situation recorded by Pienkowski in. spring 1973, in October 1973 and to a lesser
extent in November, a progressive movement of Dunlins took place fram North Area
to West Enclosure before low water. However, as reclamation progressed, this
tendency disappeared. The numbers of Dunlins using West Enclosure at low water
decreased from around 3,000 in October to only 335 in December 1973, although over

70% of the population moved there to roost over high water. By the end of
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January 1974 the number there at high water had fallen to around 1,800.

The movements of Dunlins between the North and South Areas of Seal Sands
during reclamation and the increasing movement of birds to the fields at high
water was clearly a complex phenomenon. This changing distribution of Dunlins is
summarized in tabular form in "'I‘able 3, based on a combination of monthly observa-
‘tions of the birds' movements to and fram North Area and the monthly counts.

In contrast to Grey Plovers and Godwits, feeding Dunlins showed no tendency
to concentrzte on the perimeter of the deltas of dredged debris. Perhaps for
this reason, the pattern and nature of sedimentation had a more inmediately
adverse effect on the nurbers of Dunlins feeding within the West Enclosure. The
feclamation ¢f cane South-Fast Enclosure provided a. Leeding sicuation similai o
that of the deltaic deposits within the West Enclosure and only just over 500

Dunlin fed within these two enclosures of South Area at the end of January 1974.

The use of field areas at high water.

Following the reclamation of the West En_closure in December 1973 and in
autum 1974, large numbers of Dunlins fed in the field and pool areas north of
the estuary at high water. Preferred feeding areas included the Reclamation Pond
and the Monsanto Option, both of which were similar in that they contained
extensive areas of shallow brackish surface water, especially after heavy rain.
While large areas of pasture north §f the estuary were flooded in both seasons of
my study, particularly in spring 1974, only small numbers of Dunlin visited these
at high water.

In October and November 1973 the pool and field areas were used by a
remarkably consistent number of birds representing between 20 - 30% of the popula--
tion at this time. The highest number of Dunlins I recorded using pool and field
areaé was around 3,000 (in January 1974), but on 2/12/73, when surface water was

frozen, less than 500 Dunlins were found there. Such conditions occurred
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temporarily in late December. 1973 but more particularly in early January 1974,
although I managed to undertake -no counts on these occasions.

In September and early October 1974, although the mumbers of Dunlins using
Seal Sands was high, oniy a few hundred individuals{ moved to field areas, the
majority of birds moving south of the River Tees along with other waders, and it
is not known whether these birds fed or roosted. In November and December,
however, the use of the pools increased, and involved up to 2,800 birds, then
45% of the population using Seal Sands. On only a few occasions were the fields
and pools frozen and unavailable for feeding: the weather was never as severe as
in the previous winter. In general it appeared that similar numbers of Dunlins
rored away Freo. Seal Sands at high water irn both spring znd aittuma 21274 WL in
the latter pmeriod this represented a higher proportion of the population.

In February and March 1974 up to 250 Dunlins used field areas at low water,
but. this wa'-s seen only under conditions of warm weather when pasture lané north

of the estusry was waterlogged.

Areas used within North Area. (Fig. 14 ).

In all months of my study Dunlins moved to North Area in large numbers
between HW+1k-2 and began feeding at the extreme south-eastern portion. This
site typified the preferred feeding substrates in North Area, comprising
particularly soft, 'sticky' mud.

Although small groups of up to one hundred Dunlins remained feeding in
gullies and other pockets of sticky mud within the main sections of flats, the
majority of the population closely followed the water's edge on the ebb tide.
At low water the majority of birds would then be found feeding along the edges
of Seaton Channel. This tenacity, both to the water's edge on ebb tides and to
favoured low water feeding sites, was similar in both the 1973/74 winter and in

autum 1974, although in March and April 1974 Dunlins appeared to feed in rore
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widely dispersed flocks.

The feeding pattern on the flood tide was again similar both during and after
reclamation. Rather 'th::_m feeding on the immediate tide edge, Dunlins moved well
in advance of the flood tide, concentrating more exclusively on areas of 'sticky'
mud. |

Movemert away from North Area after low water became increasingly delayed
after reclaation and the majority of birds remained there until at least HW+9

after the end of December 1973.
Seasonal fluctuations and numbers using Seal Sands.

Between October - December 1973 the numbers of Dunlins using Seal Sands
fell -only slightly, despite the fact that during this time the value of the
enclosures for feeding at low water was much reduced, and that feeding at high
water was aiso becoming less attractive. During January 1974, however, numbers
fell by approximately 50%. It is perhaps significant that this decline coincided
with the longest periods of cold weather, during which the enclosures were not
suitable for feeding and that on a number of occasions the su.fface water in field
and pool areas was frozen for several d_ays., However, the further halving of the
population in f‘ebruary camnot be attributed to unfavourable weather conditions
since this period was unusually mild and wet. Probably this represented the
start of the normal spring departure.

Movement away fram Teesmouth in late spring, that is after April 1974, was
preceded by a slight increase in population levels.

In autum 1974, peak population levels again occurred in October, although
at some 2,000 less than in the previous autum. Throughout llovember and December
1974 there was a steady decline in the numbers of Dunlins using Seal Sands
(i.e. North Area) to a population of around 4,000 birds at the end of my study.

This population level was similar to that in January of the previous winter.



TABLE 3.

A SUMMARY OF THE MOVEMENT OF TUNLINS BEIWEEN DIFFERENT FEEDING AREAS

DURING THE COURSE OF OME TIDAL CYCLE, OCIOBER‘ 1973 - JANUARY 1974.

This table shows the proportion of the population ;m each of the areas

used by this species in each hour during the tidal cycle.

Hours after

high water

10
11

12

90
79
75
72
68
65

38

Percentage Distribution of the Dopulation.

10
21
25
28
32
35
45
78
82

82

Fields

17
18
18

18

NOV

N. Area

17
83
90
85
80
75
70
62

40

S. Area

17
10
15
20
25
30
33
40
71
75

75

. Fields

20
25
25

25

DEC

%6
9%
%
2%
92
81
54

S. Area

60

15

18
33
70
74

74

Fields

13
26
26

26

JAN

N. Area

90

90

90

90

90

77

S. Area

20
10
10
10
10
10
10
15
37
42

42

Fields

58

58

58
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THE 'FEEDI"NG"-"A"C'I;'.I'VITY OF SHOREBIRDS ON

SEAL SANDS,.

Measurements 6f feeding intensity (FI), taken at hourly intervals during observa-
tion of feeding behaviour and weighted according to the distribution of birds
between different feeding areas and roosts, provide a reascnable estimate of the
time spent feeding by the average individual of -each species during the course of
a tidal cycle in daylight. The calculation of time spent feeding and its expres-
sion as a proportion of time available in a tidal cycle and as a mean value for
each month - the 'Percentage Feeding Time' (PFT) - is given 1'_n_ ;he description of
methods (p. 173).

While the composite nature of a monthly mean PFT does not allow precise
relationships to be drawn with short term changes in the environment, e.g. brief
cold periods, which might temporarily induce a change in daily PFT, the records
which I have compiled do provide a means of detecting changes associated with a
developing feature or pattern within the environment of shorebirds at Teesmouth.

In Figs. 15 - 20 the weighted mean feeding intensities for each hour
during the tidal cycle are shown graphically for each species on a monthly basis.
It is from these diagrams that PFT has been calculated; their inclusion here serves
to show the pattern and intensity of feeding activity particularly within North

Area. The construction and interpretation of these diagrams is shown in Fig. 8,

(p. 174).
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FIGURE 15 : THE DISTRIBUTION OF 'FEEDING TIME OF SHEILDUCKS AT TEESMOUTH

DURING THE 1973/74 WINTER.

OCTOBER : JANUARY

NOVEMBER FEBRUARY

DECEMBER




FIGURE 15 : THE DISTRIBUTION OF FEEDING TIME OF SHELDUCKS AT TEESMOUTH

IN AUTUMN 1974.

OCTOBER

NOVEMBER

DECEMBER
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FIGURE 16 : THE DISTRIBUTION OF FEEDING TIME OF GREY PLOVERS AT TEESMOUTH

DURING THE 1973/74 WINTER.
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JANUARY

FEBRUARY
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FIGURE 16: THE DISTRIBUTION OF FEEDING TIME OF GREY PLOVERS AT TEESMOUTH

IN AUTUMN 1974.
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FIGURE 17 : THE DISTRIBUTION OF FEEDING TIME OF CURLEWS AT TEESMOUTH

DURING THE 1973/74 WINTER.
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FEBRUARY
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FIGURE 17 : THE DISTRIBUTION OF FEEDING TIME OF CURLEWS AT TEESMOUTH IN

AUTUMN 1974.
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'FIGURE 18 : THE DISTRIBUTION OF FEEDING TIME OF BAR-TAILED GODWITS AT

TEESMOUTH DURING THE 1973/74 WINTER.
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NOVEMBER FEBRUARY
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FIGURE 18 : THE DISTRIBUTION OF FEEDING TIME OF BAR-TAILED GODWITS AT

TEESMOUTH IN AUTUMN 1974.




FIGURE 19 : THE DISTRIBUTION OF FEEDING TIME OF REDSHANKS AT TEESMOUTH IN

AUTUMN 1974.
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FIGURE 20 : THE DISTRIBUTION OF FEEDING TIME OF DUNLINS AT TEESMOUTH

DURING THE 1973/74 WINTER.

OCTOBER JANUARY




FIGURE 20 : THE DISTRIBUTION OF FEEDING TIME OF DUNLINS AT TEESMOUTH IN

AUTUMN 1974.
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Table 4. presents the monthly PFT values for each species between October
1973 - March 1974 and Octcober - December 1974 inclusive. That portion of the PFT
which derived fram time spent feeding in the enclosures of South Area and from
feeding at high water in the fields is given separately. Table 5. shows the
proportion of the eight hour period of exposure of the North Area which was used
for feeding by different shorebirds during the two winters of my study.

Only for Shelducks, Dunlins and Curlews were camplete records of feeding
activity obtained. Although the numbers of birds using the South-East Enclosure
during January 1974 were checked on a number of occasions, at no time was the FI
in that enclosure recorced on a systematic basis, wifh the result that the PFT
of Codwits anc Gr.y Plovers, for which this we. a particulariy inportait fecuarny
area, cannot be calculated completely. Throughout the 1973/74 winter the immense
day—to—day varlatlon in the use of intertidal areas by Redshanks, for reasons
dlscussed later, confounded attenpts to establlsh a reliable PFT for this species.
In autum 1974 the numbers of Redshanks using Seal Sands were more stable and PEFT
values have besn calculated, although again they are undoubtedly subject to
considerably greater error than for any other species.

THE PATTERN OF FEEDING ACTIVITY.

The FI of most shorebird species was highest on the ebb tide, as preferred
feeding areas became available, usually around HW2-4. Exceptions to this general-
isation were evident with Shelducks in October 1973 and Grey Plovers in March 1974,
that is at the beginning and end of the overwintering period for most individuals
of these two species at Teesmouth.

Dunlins and,in most months,Redshanks sustained a high FI, with no reqular
fluctuations, during the principal period of exposure of North Area, i.e. HW+3-9.

For other shorebird species there was a reduction in feeding activity over the low



TABLE 4. THE PERCENTAGE FEEDING TIMES OF ALL SPECIES, INCLUDING SEPARATELY THAT PORTION OF

e

4
THE PFT WHICH WAS SPENT IN SOUTH AREA DURING RECLAMATION AND IN THE FIELDS AT HW.

Shelduck Curlew Codwit Groy Plover Redshank Dunlin

i e M v
g v & g v & > 82 @ B b & 82 4 &
ocT 35 6 - 47 10 * 57 47 - 56 41 - - - - 72 25 2
NOV 4 7 - 47 12 * 64 52 - 59 50 - - - - 84 33 . 5
DEC 39 - - 5. - * 77 29 - 77 22 - - - = 89 23 8
JAN 43 - - 3% - * 51 2 - 20?2 -~ - - - 78 6 10
FEB 42 - - 34 - 56 - - 54 - = - - - 75 -— 17
MAR 43 - - 35 - .* 48- - - L - - - 79 - 21
oCT 4 - - 42 - * 48 - - 54 -~ - 68 - 18 63 -~ 6
NOV 40 - - 46 - 2 59 - 5 5 - - 74 - 20 73 - 13
DEC 41 - - 52 - 7 66 - 12 58 - - 80 - 26 80 - 20

N.B. * Occasional sightings indicate very small numbers of Curlews fed on field areas during these months.

? For Godwits and Grey Plovers, that portion of the PFT speni in the South Area during the reclamation
of the S.E. Enclosure is not known.

1€2



TABLE 5.

%

ocr 52
Nov 66
DEC 58
JAN 64
FEB 63
MAR 58
OoCT 61
NOV 60
DEC 62
N.B.
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THE PROPORTIONS OF THE 8 HOUR PERIOD FOR WHICH NORTH

AREA WAS AVAIIABLE IN EACH TIDAL CYCLE (67% OF THE

TIDAL CYCLE) WHICH IS UTILIZED FOR FEEDING BY DIFFERENT

SPECIES OF SHOREBIRDS. v

Shelduck
Grey Plover
Curlew
Godwit
Redshank
Dunlin

hrs. % hrs. % hrs. % hrs. % hrs. % hrs.

4.2 23* 1.8 55 4.4  15* 1.2 - - 72 5.8
5.3  29%* 2.3 52 4,2  18% 1.4 - - 72 5.8
4.6 82 6.6 76 6.1 12 5.8 - - 87 7
5.1 - -+ 52 4.2 85 6.8 - - 85 6.8
5 80 6.4 51 4.1 83 6.6 o 87 7
4.6 75 6 52 4.2 72 5.8 - - 87 17
4.9 79 6.3 63 5 72 5.8 15 6 85 6.8

4.8 82 6.6 66 5.3 81 6.5 80 6.4 90 7.2

5 80 6.4 68 5.4 80 6.4 80 6.4 % 7.2

* These values for Grey Plovers and Godwits represent the proportion

of the exposure period of North Area used by the average individual

of the whole population. 1In fact a large proportion remained

exclusively on the South Area while those individuals present on

North Area at LW probably fed there for 70 - 80% of the exposure period.

For Grey Plovers the use of North Area on the date of the January

count was so small as to make a calculation of feeding time meaningless.
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water period with a second, but lower and more short-lived peak in activity on the
flood tide. Increases in FI during the low water period occurred as winter pro-
gressed and this contributed to the higher PFT's recorded in mid-winter - this
feature is clearly shown 1n the patterns of feeding:activity of Godwits and Grey
Plovers in avtum 1974, Figs. 16 and 18).

The manner in which the peak in feeding activity on the ebb tide developed
showd variation amongst shorebird species. This variation appeared to be related
to the tim:i_n_g of exposure of different feeding areas and to their relative value
for different species. Thus feeding activity of - Shelducks on North Area rapidly
achieved a high intensity probably because the whole of their preferred feeding
areas, the Centuoul Bank, lies ol approxirately the smine tida: leval and therefore
becames available for feeding simultaneously by large numbers of birds. ancther
possible reason for this brief peak in FI,is that Shelducks' crops may became so
full of Hydrobia (one of the more important prey species on Seal Sands, see p. 242)
that they could not eat any more until those ha;i been digested. This situation
was found to occur at the Ythan (Buxton, 1977). By contrast, Curlews had a number
of subsidiary feeding sites on North Area which were used by some individuals
before their preferred areas at luwer tidal levels became expusea. The result

was that a peak FI was achieved only gradually. In Dunlins the overall pattern

- of feeding activity was more straightforward, in that, as soon as exposure of

North Area occurred, the majority of individuals present fed, particularly in the
south-east corner.

For most species the peak (weighted) hourly value of FI exceeded 90% in most
winter months and around mid-winter was usually in excess of 95%. However, for
both Shelducks and Curlews a peak FI of around only 80% was recorded in October
1973 and March 1974 and for Curlews in January and February 1974 also. The
October and March records are perhaps not surprising in view of the higher mean
temperatures in these months. However, the January and February records for

Curlews are unusual and, although these may have arisen from incorporating in the
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hourly comnts individuals of the non-feeding Curlew flock (see p. 199), it is
possible that the high profitability of field feeding at this time depressed
their activity on Seal Sands. In both Curlews and Shelducks there was great
individual variation with respect to the time spent’' feeding - some individuals
were seen to feed hardly at all throughout the exposure period of North Area,
especially in mild weather. This behaviour was conspicuous also in same Grey
Plovers in Mzrch 1974.
Only for Dunlins was an FI of 100% recorded, this occurring regularly, although

temporarily, in all months of my study.

For no shorebird species did the basic rhythms of feeding activity within
North Area srow any substantial change as tiie result of reclamation of South Area
despite the large changes in the proportion of feeding time spent there by some

species, for example Godwits and Grey Plovers.

TIYE SPENT FEEDING IN DAYLIGHT.

For all species except Shelducks the PFT (Table 1) was slightly higher in
mic-winter than in spring or autum. While the increase in PFT in each winter
coincided with a decrease in mean daily temperatures calculated for the whole of
each month, it is impossible to distinguish the contrilbutions to variation in PFT
associated with other features of the enviromment. Decreasing daylength, through
its effect on the availability of intertidal feeding in daylight, is probably of
considerable significance in the Seal Sands situation where feeding time had
already been reduced through reclamation. Increases in PFT were achieved in part
by an increase in feeding intensity over the low water period (for example, by
Grey Plovers, Fig. 16 , in October - December 1974) but for several species,
for example Godwits and Dunlins, the use of field feeding at high water clearly
contributed more to the overall PFT.

Comparison of PFT's in corresponding autum months of 1973 and 1974 suggests
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that in general birds were not feeding for a longer period during daylight after
reclamation of South Area was completed. In fact, for Grey Plovers, Dunlins and
also Godwits (although rather less marked in this species) PFT's were consistently
lower in autum 1974 than in 1973. Only in Shelducks and Curlews were PFT's
closely similar in these two yéars, In spring 1974, following campletion of
reclamation, there was no tendency for PFT's to increase, as might have been
expected wher the North Area alone was available for feeding. 1In fact, in both
Shelducks ané Godwits there appeared to be a decrease in PFT from January - March
1974 but this coincicded with an increase in mean daily temperatures.

Only for Curlews was there a marked increase in PFT between spring 1974 and
autumn 1974, This was linked with an increase in the use of North Area by this
species, but the PFT's in autum 1974 were no higher than those in autum 1973.
For other shorebirds there appears to have been no distinct increase in PFT in the
second winter after reclamation was campleted.. Comparison of the records for time
spent feeding on North Area alone (Table 5.) shows remarkably constant levels of
use in months immediately after reclamation and in the following winter, in Grey
Plovers, Godwits and Shelducks. This suggests that for these species either
further feeding time on North Area during the day was mnecéésary or that on
balance the profitability of utilizing the additional feeding time available
there was not as great as could be achieved by exploiting other feeding areas
(e.g. fields) or adapting in other. ways (e.g. feeding rates, feeding at night,
etc.) For Shelducks which had concen‘trated their feeding on North Area almost
from the beginning of my study, there was no tendency to feed for longer periods
on North Area after reclamation.

For Redshanks, as has already been noted (p. 230)., it was impossible to
calculate a meaningful PFT for any months in the 1973/74 winter, during which the
different portions of Seal Sands and adjacent fields were used to varying extents,

presumably in response to changes in the profitability of feeding in those areas.
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I have nc; data for autum 1973, therefore, which are camparable with the PFT's
I calculated for each month in autumn 1974. However, it is of interest that,
although Redshanks had a higher PFT than either Godwits or Grey Plovers, the
average individual of each species spent a similar amount of time feeding on
North Area after reclamation was completed. (The extra PFT for Redshanks was
derived fram field feeding). This raises the possibility that a feeding time
on North Area (for the average individual of each species) of around 6% hours
(i.e. 54% FFT) may in same way represent an upper limit for the profitable
exploitation of North Area by these species. This level of use was reached in
spring 1974 after reclamation and was reached also in autﬁmn 1974.

In contrast to Grey Piovers and Godwits, Curlews spent more time feeding
on North Area in autumn 1974 than imwediately after reclamation in spring 1974,
although the highest feeding time on North Area was recorded in December 1973.
The reason for this exception to the general difference between the two years
is not clear. In view of the importance of field feeding for this species,
and the probability that some Curlews in the vicinity of Teesmouth fed alimost
exclusively on fields, it seems likely that the profitability of feeding on
non-tidal sices 3etermined the differences in time spent on Seal Sands. Most
Curlews fed for a relatively small proportion of the time for which North Area
was exposed. Same birds stayed on Seal Sands for the entire period of exposure,
whether or not they were feeding, but many birds left for the field areas well
before North Area was covered by ti:xe tide, and returned only when the favoured

feeding sites were available. This is evident in the monthly graphs of PFT

for this species, and it may be assumed that, on balance, feeding in the fields
was more profitable than continued feeding on North Area. Most Godwits and all
Grey Plovers satisfied their energy requirements by feeding on North Area alone -

only small numbers of Godwits fed in field areas. However, most Godwits and

Grey Plovers, unlike Curlews, fed on North Area for most of the time which was
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suitable for feeding before seeking additional feeding elsewhere, if this were

necessary .
NICHT FEEDING. hE ,

Throughout both winters of my study Shelducks fed on North Area at night,
in similar areas and in approximately similar numbers to those observed during
daylight. Similarly, Grey Plovers made regular use of preferred daytime feeding
areas at night and, although these sites were higher and therefore drier and
less easily observed (less reflective), the numbers of birds present were
_frequently similar to equivelent daytime ce~mrds in loth wiarers. For tho otlter
wader species, feeding at night was most often seen during the pericd of active
reclamation, i.e. October - December 1973, and at this time the distribution
and behaviour of feeding birds (including the division between North Area and
the enclosures) was 'closely similar to that éeen by day. However, the numbers
of birds in any preferred feeding site were usually slightly less than in the
day-

From late December 1973 onwards there waz a reduction in the numbers of
each wader species (with the probable exception of Grey Plovers) feeding at
night. In Redshanks,the reduction in night feeding was abrupt and coincided
with the fall in use of Seal Sands during daylight which occurred in association
with the cessation of active reclamation. Thus,within less than a month, the
nunbers of feeding Redshanks visible at night fell from in excess of 300 to less
than 30. In Curlews, Godwits and Dunlins the overall reduction in night feeding
was progressive and was accampanied by changes not only in the number of birds
present but also in the timing of feeding in relation to the exposure of the
flats and in the distribution of feeding birds.

In Curlews, reduced night feeding coincided with diminishing use during

daylight of an important feeding site (the Greenabella Bank). At night, Curlews
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fed less at the tide edge, as was also true of Godwits. Until mid-winter
1973/74, Dunlins began feeding at night around HW+2 and continued until HWH9
in a similar manner to the pattern of feeding in daylight. In early 1974

the arrival time on Nofth Area became delayed and:frequently almost all Dunlins
had moved off the flats by Hw+8.

Occasionally groups of Redshanks and Curlews were seen roosting at night
both on North Area and on the enclosures in spring 1974, hbut the majority of
non-feeding birds moved elsewhere.

In autum 1974 the proportion of the Seal Sands populations of these waders
feeding at night was less than in autumn 1973 but higher than in spring 1974.

Ly Godwits and Tnmlins the ractewnn of use of North Area al nignt, establicled in
spring 1974, i.e., a tendency to arrive later and leave earlier than during a
daylight tidal cycle, was retained, while the majority of Curlews often departed

for field areas at.around dusk, irrespective of the state of the tide.

FIFID FEEDING.

Although small numbers . Shelducks reguiarly visited cortain pools nosth
of the Tees at high water, feeding off the intertidal areas was unusual at any
time during my study. Sﬁlarly very few Grey Plovers were found to feed over
high water, although a few were present regularly on same marsh and pool areas.
Up to 10 Grey Plovers did feed, hbwever, in por;tions of Greatham Creek adjacent
to the Brinefields and Cowpen Marsh, (the highest portion of intertidal flats
within my study area),on both the flood and ebb tides. Since this area was
difficult to observe, the significance of this and its possible contribution to
the PFT is not known. It is possible that some individuals found feeding in
this location did not feed on Seal Sands at any stage of the tidal cycle but
stayed in Greatham Creek.

For other wader species field feeding became a regular feature of feeding

-
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activity following reclamation of South Area. It was the principal means by
which Redshanks and Dunlins were able to maintain their PFT which, before
reclamation, had exceeded the exposure period of North Area alone. For the
Godwit, although the exposure pericd of North Area was sufficient for it to
maintain its pre-reclamation PFT, some individuals of this species chose to feed
at high water in the brackish pool w1th1n the Brinefields, rather than attempting
to feed for longer periods on North Area. -

In Dilins the extent of field feeding in autumn 1974 was similar to the
levels recorded immediately after reclamation, but for Godwits regular use of
the fields was recorded only in autumn 1974. For those Curlews feeding on
. Smal Sands at -low-vater, the field areas wichin the 'stardiuia walk'wore used only
sporadicaliy during and immediately after reclamation, despite the fact that
this\ __spec:.'Les is particularly adept at feeding within marsh and wet pasture.
ley‘in aL;-tumn 1974 did the numbers of feeding Curlews reéch levels which might

be considered more than a 'trace’.
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FORAGING BEHAVIOUR

The measurement of feeding rates and searching rates of shorebirds at
Teesmouth cccupied the majoricy of tie time available durwig oy study. .nese
aspects of foraging behaviour are particularly appropriate for quantitative
assessment and at Teesmouth were relatively easily measured, since feeding
birds coul—d be watched fran a Land Rover from raised vantage points provided
by the slag walls which almost enclosed the feeding areas. Furthermore, it
was an{:icipated that these parameters would provide a sensitive indicator of
the birds' ability to maintain themselves in the post—réclamation situation at
Seal Sands-

When my study began it was known that completion of phase I of the
reclamation programme would reduce the feeding time available to shorebirds by
approximately 30%, fram 12% to just over 8 hours, in each tidal cycle. In
addition it seemed a reasonable assumption that any increase in numbers of birds
feeding on North Area, after South Area had been reclaimed, would depress prey
densities more rapidly than had occurred before reclamation. Other features
associated with an increase in shorebird density on North Area, for exanmple
aggression or interference, might have further reduced prey availability. If
this were the case, then those birds using North Area would have had to adapt
their feeding strategy so as to maintain an adequate net intake of food each

day. Any, or all, of the following changes might have taken place. Birds
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might have fed for longer periods each day: and this was tested by the calcula-
tion of PFT (see p. 173): or they might have modified their searching rate or
the rate at which prey were captured; or they might have changed the species
and sizes of prey selected so as to increase their intake rates.

On those days which I devoted to observations of feeding behaviour, I
attempted to obtain a series (and preferably more than one series) of
measurements of both feeding rate and searching rate for as many species as
possible (see Methods p. 175). Unfortunately, because several shorebird
species had to be studied simultaneously rather than a single species, the data
for each species are not sufficient to allow any sophisticatéd analysis, e.d.

" nﬁl_,;_ feeding and searching rates in relaticn to- tempersture change or time =vuil-~
able for f==ding during daylight. I ﬁa.ve depended heavily on univariate analysis
and, in an attempt to establish even simple relationships, II have generally had
to lump d.a.'ta to achieve reasqnab_le sample sizes. Even by doing this, there

are still ceficiencies for some species at cértain periods during my study.

For -exa'mple, the feeding behaviour of Redshanks could not be analysed in detail

_ for the period when the nurbers of this species were small, or on occasions

when the majority of birds had left Seal Sands just after low water.

Low temperatures were rare and very temporary during both winters of my
study,with the result that same of the potentially most interesting conditions
in which to determine the effects of this important modifier of feeding
behaviour could not be examined.

My data on the feeding rates of Curlews, Codwits and Shelducks are more
satisfactory since for each species the principal feeding areas were clearly
visible at all stages of the tide, the birds showed no tendency to hide or feed
in creeks or qullies and, being large birds, their behaviour could be observed

over long distances anc,therefore, fran all chosen observation points. For

Curlews and Godwits the proportion and sizes of MNereis diversicolor within the

diet coulé be determined with a high degree of accuracy, but similar records,
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in terms of the overall numkers of observations, were obtained rather less
frequently for Grey Plovers which, although confirmed Nereis feeders, also
took a large number of small unicdentified prey. Similarly, a breakdown of the
diet of Redshanks was not always possible when birds fed by 'swishing', a
technicue which predaminated on North Area during, and for several months
after, reclamation of the West Enclosure. For Shelducks and Dunlins, which fed
almost exclusively on small prey items, the diet could not be assessed by
direct observetion. Also the absence of any distinctive swallowing movements
by both species (when observed at distances greater than 50 metres), and the
speed of feeding movements of Lunlins, did not allow feeding rate and searching
rete te e dastirguished. F i tkoze two species, thérefor:; the measufem&r.-tz
presented nere cambine these two components.

\.Eelovg, aspects of foraging behaviour, and when possible the composition

of the diet, are considered for each species.

SHETDUCKS.

In agreement with findings elsewhere (Olney, 1965) Shelducks at Teesmouth

fed in part on the small gastropod mollusc Hydrobia ulvae which occurs at

high densities on the North 2rea of Seal Sands (Evans et al., 1979). However,
small oligochaetes and polychaetes of eleven species (see p.153), which CGray
(1976) found to occur in some parts of Seal Sands at densities of 300,000/m2,
are probably an important part of the diet of Shelducks here. Because of their

delicate structure, their contribution to the diet has proved difficult to

quantify by gizzard analysis. Small Nereis are undoubtedly taken but are

probably not specifically sought.
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Shelducks use a number of different feeding techniques depending
primarily on the state of the tide ~ these have been well documented in other
studies, for example, Olney, (1965) and Bryant and Leng, (1975 ), Similar methods
were used by Shelducks at Teesmouth. Thus, binds'fed in the water on both ebb
and flood tides by 'head-dipping' and upending, sieving the mud just below the
surface of the water. After the mudflats were exposed, birds fed using a
scything or swishing motion of the bill, held just below the mud surface. These
two methocs were sharply delineated and fewer examples were noted of the
intermediate stages observed by Bryant and Leng (1975). In further contrast
to this Scottish study, although at Teesmouth the use of head dipping and
woending coincided with the etz of feeding intensity, (U2se geuks werw Ii
short duration. Between HW+3-8 most birds fed on the exposed nud surface. The
reason for this appears to bte that most of the mudflats of the North Area lie
at about the same tidal level, so that the period for which feeding was possible
on the suhmerged mud surface was limited. In contrast, for surface feeding
the tJ'.tré available was extensive. It is 'perhaps important for this species,
therefore, that large parts of Morth Area comprise very soft and 'liquid' mud -~
the substrates preferred for wirface feeding ty Shelducks on the Forth (Bryuat
and leng, 1975).

Measurement of feeding rate could be made of only those birds using the
scything technique of feeding. I quantified this in terms of the pacing rate
of individuals recorded over a perlod of 30 seconds. Since these values
represent a combination of feeding and searching behaviour, a wide range of
results was obtained; individual measurements ranged from 14 paces/minute to
95 paces/minute and ,correspondingly, the variance about means was high. Daily
mean values varied from 24 paces/minute to 63 paces/minute. Generally, birds
scything the bill through a wider angle appeared to be feeding more intently,

perhaps having found a dense patch of prey, and the pacing rates of these
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individuals were slower. This graded into a faster walking pattern in which
the bill was held straight out in front of the birds and it seems likely that
this represented largely a searching technique. During any 30 seconds of
observation both patterns of movement might be used.

In the 1973/74 winter all records were included in the calculation of
paciné retes but in autum 1974 I excluded (at the time of observation) those
- individuals which were exclusively or predcminahtly fast moving birds, that is,
those essertially not feeding. As a result of this change in my recording
technique, monthly mean pacing rates for the two years appear to be significantly
different in November and December, as shown in Table 6. which includes monthly-
< maane throsglzoat ny study. - ““hé records foo North Area uml west Enciosurs, both
by dair and at night, have been separated for the winter of 1973/74. In autum
1974 the preferred feeding areas of Shelducks were not 1llum:Lnated sufficiently
well at tnght for any reasonable data to be obtalned A single series, i.e.
measurements of more than 20 individuals, obrtalned at night in October 1974,
has been included with daytime records for t_hat month (since there was no
significant difference) to give a single mean value. The mean daily values
are plotted i1. Fig. 21.

I found no significant difference in pacing rates recorded in the same
months on North Area and West Enclosure. Pacing rates in daylight and at night
were also similar. While there appears to be no evidence in my records of a
progressive increase in pacing rate during the 1973/74 winter of South Area,
pacing rate was certainly slower in October 1973 than in spring 1974. It is
tempting to see in this an indication that perhaps birds were spending more time
searching and/or scything more quickly in spring, since prey densities were
reduced towards the end of the overwintering pericd.

The pacing rate of Shelducks in October 1974 was similar to that in October

1973, but values in November and December 1974 were significantly slower than



TABLE 6.

1973/74

North Area
(daylight)

North Area

(night)

West Enclosure
(daylight)
West Enclosure

(night)

1974

North Area

(daylight)

MONTHLY SUMMARY OF SHELDUCK PACTING RATES.

Values are expressed as the mean number of paces per minute ¥ S.E.
The number of individual measurements are given in parenthesis.

OCTORER NOVEMBER DECEMBER TANUARY TEBRUARY

+ + + + +
34.8 Y 1.68 (100) 46.4 T 2.78 (43) 47.2F 1.84 (93) 45.8 T 2.12 (87) 54.5 I 2.28 (81)
36.851.55 (72) 49.6 Y 3.4 (25) 44.6 T2.4 (28 - 42.8 T 2.58 (34)
3.6 Y2.2 (a1) 37.8 Y 1.68 (91)
33.412.12 @ 41.0 Y 4.40 23 49.0t 2.4 (23)

+ + +
31.5 2 2.65 (71) 32.6 f2.54 (77) 31.2 ¥ 2.02 (70)

MARCH

51.0 ¥ 3.2 (40)

51.2 ¥ 2.35 (71)

che
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FIGURE 21 : THE VARTATION IN MEAN PACING R,ATE OF SHELDUCKS DURING THIS STUDY.

Each value represents the mean of approximately 20 measurements.
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. for respective months in autum 1973. As noted earlier in this section, these
differences might be attributed to the exclusion of fast-moving and effectively
non—-feeding birds when I was taking measurements in autum 1974,

There was no relationship between pacing rate"and air or mud temperatures,
nor one with wind speed, but a significant correlation (p = 0.05) was found
with the stage of the tide in the 1973/74 winter (Fig. 22), with birds pacing
more slowly as the period of exposure of North Area increased, that is, they
spent less time in searching and/or scythed more delikerately at HW8 than at
H+#+3. In genéral, birds seemed to feed with more haste, almost feverishly,
shortly after the exposure of the mudflats while after low water those birds
which continosa to feed did so in what appeared a more leisurely rashion.

Since the availability of Bydrobia may be expected to be highest just as
the mudflats become exposed, and at this time Shelducks must be having a high
feeding SUL.WSS, this conflicts with my suggestion earlier that Shelducks having
a slower pacing rate and a wider scything movement were feeding within a high
density patch of prey; Both observations might be true, however. For example,
it might be expected that just after the flats are exposed Hydrobia and other
prey are on, or very near, the mud surface, physically enab'l'irlg Shelducks to
scythe more rapidly and, furthermore, it might be beneficial for individuals
to change their feeding site more frequently as the tide recedes, with the result
that overall I recorded higher pacing rates. On the other hand, at lower levels
of the tide prey are more deeply buried in the mud and their collection requires
more deliberate feeding movements with the result that pacing rate was slower.
Clearly more detailed study would be necessary to resolve this. In autum 1974,
however, a similar relationship was not established, but it will be remembered
that birds spending more time searching than feeding were excluded fram the

sanples.



- FIGURE 22 : VARIATION IN THE PACING RATE OF SHELDUCKS DURING THE 1973/74 WINTER

IN RELATION TO THE TIME AFTER HIGH WATER.

This relationship is significant, p = 0.05.
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GREY PLOVERS.

At Teesmouth this species was seen to employ two broadly separable feeding
techniques:-

1. The run - stop - peck method - being that more typical of all Plovers and
canprising a series of short runs separated by pauses during which the
immedizte locality was scrutinized and after which prey might be taken.
Generally 2 - 3 pauses were recorded in a one minute period of observation,

the incdividual moving about 10 metres in that time.

2, Fast pecking method - beim_:';' similar to that used by Knots in which
indivicGaals usually covered only 3 metres in one minute, pecking almost

econtinuously and taking small prey, none of which were identifiable.

Althouct: distinct in their extremes there was gradation between these
tec}m:_'Lques and intermediate variants were particularly evident in autumn 1974.
However, during reclamation there was separation of these techniques with
respect to feeding area. Thus in the West Enclosure.the m<.>st. important feeding
site for this species between mid October - December 1973, and also on the S.E.
Enclosure in January 1974, method 1 was used exclusively. The faster pecking
technique was used on Narth Area only and throughout the 1973/74 winter birds
using both techniques, in a distinct form, could be seen at any one time. Fast
pecking was most frequently used by birds feeding in the Eastern Channel, in
situations where a certain amount of surface water remained. This gave the
impression that groups of feeding Grey Plovers tended to use one method or the
other. In my records of feeding activity for the 1973/74 winter the extent of
'fast pecking' is underestimated in terms of the proportion of observations

which comprised this technique, since for purposes of comparison with
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Pienkowski's work at Teesmouth I sought primarily to watch birds which used
slow pecking, from which I could obtain some indications of intake rates of
Nereis.

At no time were Grey Plovers sufficiently close to allow accurate
determination of swallowing movements, but on the basis of Pienkowski's (1973)
observations at Teesmouth which i_ndicatéd that feeding success approached 100%,

I have assumed for the purposes of calculation that this was so in my study

also, i.e. pecking rate = success rate.

Mean monthly pecking rates for the slow and fast pecking methods of feeding
are shown in Table 7. A small number of records of pecking rate were obtained
- gt night ir tix 1973/74 wincer and these have becn canbiied with respective
daytime records. For the 1973/74 winter, separation of the two methods was
reaspnably straightforward since groups of birds tended to feed by one or other
method (as- mentioned abowve) witﬁ the result that respective means are clearly
distinct. In autumn 1974, however, birds using both feeding methods were
presen£ in the same area so that each daily mean was campiled from a mixture of
the two. Furthermore, sare individual birds also employed a combination of
‘fast' and ‘sluw' pecking during any one mirmt2 of observatiocii. The daily
means plotted graphically show this difference between the two years (Fig. 23).
In autum 1974 it was apparent that birds making over 20 feeding movements per
minute were taking no prey of visible size whereas birds making fewer than
20 pecks/minute were consistently taking numbers of small worms, probably
Nereis. On the basis of this observation I have made an arbitrary separation
at about this level of feeding rate, so as to provide the monthly mean values
presented in Table 7. The mean numbers of visible Nereis taken per mi_nute by
the slow pecking feeding method is also shown in Table 7. The sample size for

these is generally very sméll and the variance about these mean values high.



SUMMARY Of* MONTHLY FEEDING RATES OF GREY PLOVERS.

7

Values are expressed as means pa S.E. and the number of measurements is given in parenthesis.

Slow pecking method:
pecks/min. (N)

worms taken/min.

Fast pecking method:
pecks/min. (N)

West Enclosure

Slow pecking method:

pecks/min. (N)
worms taken/min.
1974
Morth Area

Slow pecking method:
pecks/min. (N)

worms taken/min.

Fast pecking method:
pecks/min. (N)

OCTOBER NOVEMBER

6.0070.51 (51) 6.96%0.45 (51)

24.53%1.13 (59) -

3.08%0.29 (36) 2.65%0.18 (103)
0.5920.09

SEPTEMBER

9.41%1.06 (26)
0.44%0.17

44.1774.14 (24) 49.79%3.32 (30)

5.8270.37 (66)

7.38%0.60 (61)
0.79%0.15

DECEMBER JANUARY FEBRUARY MARCH

5.52%0.42 (104) 4.33%0.23 (106) 5.1%0.28 (138)

0.2270.05 0.39%0.08 0.26%0.06 0.33%0.05
+
31.36%2.05 (36)
OCTOBER NOVEMBER DECEMBER -

10.13%0.76 (24)
1.2670.29

11.21%0.95 (19)
2.7470.52

42.40%6.72 (10) 35.14%2.81 (21)

152
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In the 1973/74 winter pecking rates for the 'slow' method were significantly
faster in the months of MNovember and December than in February 1974 only -
otherwise mean monthly rates were similar. There was no relationship between
pecking rate of birds using feeding method 1 and daily air or mud temperatures,
nor were any consistent changes found in relation to wind speed.

Of particular interest is the fact that the pecking rate of birds on the
West Enclosure was significantly slower than for birds on North Area in the
months of Cctober and November 1973. In view of the distr-ibution of Grey
Plovers between these two sections of Seal Sands at this time, with 60% in the
West Enclcsure at low water, it had been expected that the rate at which prey
were captured would have been higher in the West Enclosure. However, the rate
at which large items, chiefly Nereis, were captured was substantially higher on
the West Enclosure in autum than on the North Area in other winter months, and
it seems likely that it was the higher rate of biomass intake which made the
West Enclosure so attractive for Grey Plovers.

The rate of slow pecking (feeding method 1) in autumn 1974 was consistently
higher than in the same months of 1973 and values diffef significantly in the

months of November and December. Additionally, the rate at 'thCh visible Nereis

were taken by slow-pecking Grey Plovers in autumn 1974 was substantially higher
than I recorded in spring 1974, immediately after reclamation of the West
Fnclosure and also higher than occurred in the West Enclosure itself in autumn
1973. It must be noted however,that the autum 1974 data are based on small
samples of birds and that the proportion of the Grey Plover population which
captured Nereis at this rate was small - the majority of the Grey Plover
population were feeding by the fast pecking technique and were dependent largely
on small prey to sétisfy their energy requirements. The separation of the slow
pecking technique was arbitrary and the group would tend to include those birds

which were most successful at capturing Nereis. The rate of fast pecking was



TABLE 8.

1973/74

North Area

No. of prey

West Enclosure

No. of prey

Autumm 1974

North Area

No. of prey

THE COMPOSITION OF THE DIET OF GREY PLOVERS EMPLOYING THEIR MORE

TYPICAL RUN - STOP - PECK (SLOW PECKING) TECHNIQUE OF FEEDING.

Small items

94.1

1771

81.7
192

86.5

726

Percentage contribution to the diet.

Nereis
Under 20 mm

1.4

27

0.8

9.7

82

Nereis
20-35 mm

1.9

36

2.5

2.1

18

Nereis
Over 35 mm

2.0

14.9
35

0.7

Macoma

0.5

10

0.7

Crabs

0.1

12
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significantly faster in October 1974 than in October 1973 but December values
(the only other month for which I have comwparable data) were similar.

For birds feeding by slow pecking, Nereis were a consistent item of the
diet and Macoma were also taken regularly in botﬁ_years by birds feeding on
portions of the Central Bank and on the sandy parts of the Eastern Channel. 1In
autum 1974 small crabs were taken on occasions. However, assuming a success
rate around 100%, then small items of food such as Hydrobia and small polychaetes
were numerically the most important component of the diet, comprising over 80%
of the diet even in the West Enclosure. The camposition of the diet of those
Grey Plovers feeding by the slow pecking method is shown in Table 8. For birds
. Teeding in th: Wost Enclosure a greater pruportion of the duct comprised iwreis
than for birds on North Area and these were of a larger size than those taken
on N\orth Area. A greater proportion of the diet in autumn 1974 consisted of
visib\le Ne_—re__i_g than in spring 1974, although these tended to be of a rather
smaller size. |

Grey Flovers appear to have a broadly similar diet on other British

estuaries. For example, in Essex, Burton {196€) found Nereis and Bydrobia

were the most. _mportant prey with numbers of crabs being taken in autumn. These
prey were also important on the Wash (Goss-Custard et al.,1977a) where Macoma
were also taken frequently, although here the single most important prey was
probably Ianice conchilega, a potential prey species not occurring on Seal Sands

although present on the sandy areas of Bran Sands around the low water mark.

On North Area Curlews fed almost exclusively on exposed mud flats, only

occasionally (and always temporarily) on sukmerged substrates. Visible-sized
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Nereis (quarter bill length = 26-35 mm.) contributed between 81-100% of the
diet during the 1973/74 winter, and in autum 1974 94-98% of the diet. The

lowest percentage contribution of Nereis occurred when same numbers of crabs,

Carcinus meenus, were taken over a period of 2-3 weeks in the months of
November and December 1973 and again in November 1974. The West Enclosure was
not a favoured feeding site at any time during my study. However, the small
number of records which I did obtain indicated that the diet there also included
in excess of 20% Nereis.

Most prev were taken by probing to at least half the depth of the bill.
As a rule two or three separate probes (between which the bill was removed
almost cargietely from the awd) appeared ne.nssery to locaie and capture he
prey. Whilie scarching for food, individuals made a number of pecks at the mud
surf\ace. These appeared to be involved only in the detection of prey, since
only ‘very rarely were even small items seen to be taken using this movement.
On the basis of this observation and for the. purpose of obtaining a true
measure of the rate at which birds atténpted to catch prey, I chose to record
only those feeding movements involving probing to a cdepth of half bill length
and over - that is, those likely to have bez - directed at a definite item of

food.

My records of feeding activities of Curlew on North Area during the
1973/74 winter were obtained from the Greenabella Bank on all occasions except
in January 1974. This site was the single most important area for feeding until
the end of December 1973, regularly containing up to 80 birds at low water
(around 25% of the Seal Sands population at this time), but thereafter its
attractiveness diminished and was particularly low in January 1974, when I
resorted to obtaining records fram the Central Bank of North Area. However,
even in spring 1974, I attempted to obtain most records in the vicinity of
Greenabella Bank so as to maintain some consistency of approach. In autumn

1974 the Central Bank was the primary feeding area of Curlews and of necessity
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my records were taken exclusively from that site.

The camposition of the diet of Curlews on North Area in the two years of
my study are shown in_'_I‘able 9. These records suggest that the worms taken in
the 1973/74 winter were generally larger than those taken in autum 1974. This
is also shown in Table 11 where I have grouped data for the periods before
and after low water within each season,- It seems quite probable that this
difference is attributable to the difference in feeding areas studiéd in the
two years, i.e. the Central BRank in autum 1974 rather’ than the Greenabella
Bank where most measurements were taken in 1973/74 winter. During the 1973/74
winter there appeared to be a smaller proportion of small items and a larger
proportion or large worms (nalf bill length and over) taiten in mid--winter
than in either early spring or late autum.

\‘Additionally in spring 1974 my results indicate that there was a tendency
for Curlew.s to collect a larger proportion o:f;' worms Of about a third bill
length and fewer worms over half bill length-than earlier in that winter,
although acmittedly the sample size is small. If this was a real change in
behaviour, then this might be connected with the fact that the later observa-
tions were from an area (the Greenabella Bank) which was cleérly less attractive
for feeding than it had been in autum 1973. Perhaps it was the reduced
availability of larger worms in this section of North Area which induced a
movement of birds to the Central Bank where, althcugh the diet comprised an
even greater proportion of smaller size classes of Nereis, Curlews were able
to collect more worms per minute (see later in this section).

There appeared to be no significant change in the proportions of different
size classes of Nereis taken between September and December 1974. The
measurements I made in autumn 1974 were reasonably well spread throughout the
exposure period of North Area and these records are separated for each hour in
Table 10. Although there appear to be no dramatic changes, there is a tendency

for a greater percentage of worms taken to be of a larger size class after than



TABLE 9.

THE CCMPOSITION OF THE DIET OF CURLEWS FEEDING ON

NORTH AREA OF SEAL SANDS.

The size classes of Nereis are given as a proportion of
bill-length, with the length this represents in millimetres

being shown in parenthesis.

1273/74 Winter:
Type of prey

Small items

( € # biil-length)

% (26-35)
Sizes of

Nereis (36-49)

Wi

(o

(50}

Crabs

Total No..of items

% visible worms

Autum 1974:
Type of prey
Smwmll items

( < % bill-length)

i (26-35)
Sizes of )
Nereis 3 (36-49)
z  (50)
Crabs

Total No. of items

% visible worms

oCT

7.5

30
50

12.5

40

92.5

NOV

3.9

7.9
56.8
19.6

11.8
51

84.3

SEP

8.5

44.1
42.4
5.0

59

91.5

DEC

1.7

81.3

oCT

4.1

42.3
43.3

10.3

97

95.9

JAN

4.7

4.7
64.3

26.2

42

95.3

NOV

22.1
66.9
5.5

5.5

163

94.5

FEB

10.2
83.0

6.8

59

100

DERC

14.7

39.8
42.8

2.7

299

85.3

MAR

10.5

10.5
73.7

5.3

19

89.5
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Percentage contribution of different prey in each month.

Percentage contribution of different prey in each month.



TABLE 10.

THE COMPOSITIONM OF THE DIET OF CURLEWS FEEDING ON NORTH AREA OF

SEAL SANDS IN RELATION TO THE STATE OF THE 'i‘IDE IN AUTUMN 1974.

The size classes of Nereis are given as a proportion of bill-
lencth with the length this represents in millimetres being shown
in perenthesis.

Type and The percentage of different prey captured in
Size of Prey each hour after high water for which Curlews fed.
3-4 45 5 -6 6 - 7 7 -8

Small items

( < % bill-length) 10 7 19 11 1
1 (26-35) 40 38 40 32 28

Sizes of , :

Nereis 3 (36-49) 45 48 34 52 61
3 (50 4 5 6 4 8

Crabs 1 2 1 1. . 2

Total No. of items 80 150 67 191 59

% visible worms 89 91 80 88 97

<07

37

49

~

75

93
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TA 11.

THE PERCENTAGE OF DIFFERENT SIZE CLASSES OF NEREIS IN THE DIET

OF CURLEWS FEEDING ON NORTH AREA BEFORE AND AFTER LOW WATER IN

THE TWO WINTERS OF THIS STUDY.

HW+3 to +€: Percentage of different size classes of Nereis.

OCTOBER 1973 -~ MARCH 1974 CCTOBER - DECEMBER 1974

Sizes of MNercis

+  (26-35) 17.9 45.2
3 (36-49) 62.6 48.3
% (50-70) 19.5 6.5

% (over 70) _ - ' ' -

Total No. of items 123 230

HW+6 to +9:

Sizes of Nereis

1 (26-35) 5.6 35.7

3  (36-49) 72.2 59.6
% (50-70) 21.3 4.7
% (over 70) 0.9 -

Total No. of items 108 277
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before low water. This is shown more strikingly when data are grouped for

the periods before and after low water (Table 11). This division of data allows
comparison with my 1973/74 data which cannot be separated so effectively on an
hourly basis, owing to the small sanple sizes available for some hours.
However, by this grouping the results are biased in favour of those hours with
larger sample sizes, i.e. HW4-5 and HW+6-7 respectively, and these are records
which differ quite widely. Grouping data for the 1973/74 winter into HW+3-6
and HWH6-9 periods in Table 11 also suggests that a larger proportion of worms
taken after L.W. were of a 4 bill-length or longer. My results suggest,.
therefore, that there was a selection by Curlews 'of larger size classes of
Yereis after L.W., although vhether thig #5s a passive or actuve seleciioinn is
not known.

A camplete summary of the feeding rates and searching rates of Curlews
using North- Area in each month of my study is presented in Table 12. Records
for the West Enclosure are insufficient to ta;bulate in this manner and are
considered in the text.

Curlews appeared to search for prey at approximately similar rates
throughout my study, although srarching rate i November 1973 was significantly
higher than in November 1974. The difference between searching rates in this
instance might be attributed, in part,to the fact that observations were obtained
from different parts of Morth Area in autumns 1973 and 1974. However, since
similar differences are not appafént between other autum months, it seems
probable that scrré other features of the environment were involved. Although
I suspect that the very low temperatures in November 1973 (air temperatures at
night frequently falling below zero for a period of over one week) might have
been responsible for the faster searching rate in this month, no correlation
between pacing rate and air or mud temperatures was found when all my

observations were analysed.



TABLE 12. MONTHLY SUMMARY OF THE FEEDING ACTIVITY OF CURLEWS ON NORTH AREA IN DAYLIGHT.

4

Data are expressed as means A S.E. with the mmber of observations in parenthesis.

Searching Rate (N)* Mean No. of probes/min. (N) Mcan No. of successes/min. Mean No. of womms/min.**

{(Seconds)
OCTORER 1973 2.64 £ 0.23 (10) 8.17 T 0.6 (17 1.47 T 0.21 1.47 T 0.21
NOVEMBER 3.00 ¥ 0.13 (28) 5.84 £ 0.55 (37) 1.43 Y 0.15 . 1.21 T 0.15
DECEMBER 2.4 Y0.33 (42 11.80 ¥ 0.49 (67) 0.93 ¥ 0.11 0.73 T 0.10
JANUARY 1974 2.6 Y0.15 (39 8.35 £ 0.52 (53) y 0.79 ¥ 0.11 0.73 ¥ o.11
FEERUARY 2.5 Yo0.15 (42) .77 ¥ 0.56 (62) 0.95 ¥ 0.12 0.95 ¥ 0.12
MARCH 2.7 Y0.26 (48) 0 10.40 T 0.91  (20) | 0.95 Y 0.19 0.85 ¥ 0.17
SEPTEMBER 1974 1.8 To0.24 (16) 11.85 ¥ 0.70  (20) 3.00 Y 0.31 . 2.75 X 0.28
OCTOBER 2.4 £0.10 (23) 12.78 T 0.53  (46) 2.13 T 0.19 y 2.04 2 0.18
NOVEMBER 2.38 Y 0.13 (63) 11.94 ¥ 0.29 (107) 1.57 Y o.11 1.47 Y o.11
DECEMBER 2.4 1 T 0.25 (140) 2.17 T 0.11 1.81 T 0.09

0.12 (13) 11.97

N.B. * Searching rate being the time, in seconds, for birds to make five paces.

** These are 'visible' Nereis, that is,’ bill-length (25 mm.) and over.

29¢e
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In the 1973/74 winter the rate at which Curlews attempted to capture prey
(probing rate) was higher in November and December than in other months with the
exception of March 1974 (when the sample size was small and the variance high).
The probing rate was significantly higher in December 1973 than in January or
February 1974. The success rates in the 1973/74 winter, and particularly the
rate at which visible sized Nereis were__captured,apgeax_'ed 'tq be rather lower
over the mid-winter period than in auturrh or spring. However, a significant
difference exists only with respect to the autum value, the overall success
rate being significantly higher in Cctober and November 1973 than in January
1974 ,while the rate at which visible Nereis were taken was higher in October
than in eitheyx December or Jaiwlary.

During autumn 1974 there were no differences in searching rate or probing
rate between months. As in autum 1973, however, success rates appeared to be
higher in early autum. Curlews captured significantly fewer prey of all kinds
in November than in either September or December, and significantly fewer visible
Nereis in both November and December records than in September. The difference
between November and December in terms of the overall numbers of prey captured
ic surprising and my qualitative records curing this pericd 'give no indication
why this should be, apart from the fact that it was in November that crabs
(most in excess of 2 cms. in width) featured in the diet of Curlews on North
Area. It seems likely that these prey would provide a disproportionately large
contribution in terms of bimass,wl';ich would compensate for a deficiency in
terms of numbers of prey taken and the numbers of Nereis taken. This would
also account for the low intake rates of prey and particularly of Nereis in
Novenber and December 1973. Depending on the extent to which crabs might com-
pensate in terms of bicmass, there could e a totalh-r different interpretation of
the monthly changes in intake rates in the 1973/74 winter. Thus there might have

been a gradual decrease of the biomass intake rate from autum to spring or
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there might have been a higher intake rate over the mid-winter pericd,
since not only were crabs taken at that time but also the average size of
Nereis captured was greater.

Although my records. suggest that Curlews captu;ed more prey and also more
worms per minute in autumn 1974 than in respective months of 1973, only values
for December are significantly different. Again comparison would best be made
in terms of bicmass intake since in addition to the greater contribution of
crabs to the diet of birds in 1973 the Nereis taken in 1974 were generally
smaller (Takle 11). On this basis, a higher numerical intake rate would be
Irequired if birds were to satisfy their daily energy needs by feeding for the
Same number of ours when resceictaed to Nooto Avea alone,

A small number of records of searching rate and feeding rate were made of
birds using the West Enclosure over low water in October and November 1973.
During daylight, searching rate in this part of Seal Sands varied from
2.15 t 0.07 seconds for 5 paces (N = 22) to 2.9 ¥ 0.18 seconds (N = 10), a
similar range,therefore,to my records for North Area at this time. Feeding rates
(all recorded in November 1973) were 1.75 Y 0.2 items (chiefly large Nereis)
wer minute (N = 24), 2.1 ¥ 0.3 (1= 11) and 1.1 ¥ 0.2 (N=27) - again these
are within the range of feeding rates recorded on North Area.

The high level of illuminatioh by night over the Greenabella ‘Bank and.
West Enclosure in the 1973/74 winter lenabled me to measure searching rates of
Curlews on a number of occasions. "I'hese are plotted graphically in Fig. 24
along with all daytime records made during that winter. Searching rates at
night on North Area and West Enclosure were similar, just as they had been
during daylight, but in both sites they were significantly slower than the
majority of daﬁhe records. The mean time taken for 5 paces at night on Seal

Sands in 1973/74 was 3.6 ' 0.18 seconds (N = 120) campared with a mean value of
2.58 * 0.21 seconds by day (N = 250). In autum 1974 it was possible to make a

small number of records at night despite the reduced level of industrial



Time taken to make 5 paces (in seconds) .

FIGURE 24 : VARIATION IN THF. SFARCHING RATE OF CURLEWS FEEDING ON NORTH ARFA

DURING THE COURSE OF TIIS STUDY. o

Each value is derived from measurements of approximately 20 individuals.

Values shown as circles are of birds feeding on the Greatham Creek area of
North Area - open circles being recorded in daylight and the solid circles being

night records. The squares depict the searching rate of birds feeding on the Central Bank.
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lighting and the drier, hon-reflective nature of sediments on the Central Bank:
_the mean for these was 3.1 pa 0.21 seconds (N = 40), and as in the prévious winter
this- is slower than séax%hing rate in daylight. .It was a consistent observa-
tion that birds feedirig at night tended to hesitate occasiona_lly while .searching
) (being most marked before proi:ing) ., but during the day, walking, surface pecking
and probing seemed to flow in a single movement. It seems likely that this
behaviour accounted for the slower rate of pacing observed at night. However,
my measurements at night were under conditions of lower wind speeds than
occurred during the day, and this might have accounted in part -for the difference
in pacincj rztes. There was no correlation, however, between pacing rate and
wind speed wlen all observavions were considered.

The feeding rates of Curlews for the months October - December 1973,
January - March 1974 and October - December 1974 are separated for the periods
before and e_f;:er low water in Table 13. Although between Cctober and December
of both 1973 and 1974 feeding rate was faster before than after low water,
this difference was not significant. In the months January - March 1974 there
appeared to be a lower feeding rate before than after low water, but again this
difference was no. significant. In autum 1974 sufficient data are availabie
to provide a reasonable measure of feeding rate in each hour for which Curlews
fed (Table 14) but there appears to be no consistent trend. There is a sugges-
tion that success rates between HWH6-8 were rather lower than before low water,
and lower also than between MS—Q. This is given some support statistically
since,in terms of overall success,the HW7-8 value is significantly lower than
all values except for the HW+6-7 record which itself is significantly lower than
that in the HWt5-6 pericd. The differences are less when considering the
intake rate of worms alone, the value for HW7-8 being lower than for the periods
HWH5~6 and HW8-9 only.

The rate at which Curlews captured prey and probed for prey did not vary

consistently in relation to air or mud temperatures nor with wind speed.
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TABLE 13. THE FEEDING RATES OF CURLEWS IN RELATION TO THE TIME
AFTER HIGH WATER.
Data are summarized in relation to the three main
givisions of my study. Each record represents a mean
- S.E. with the number of observations in parenthesis.
HH3 to +6: OCT - DEC 1973 JAN - MAR 1974 OCT - DEC 1974
No. of successes + N N
tminute 1.24 - 1.0 (79) 5.87 S 0,12 (42) £.14 - 0.12 {1Zo)
No. of Nereis + + +
taken/minute 0.75 - 0.10 0.67 - 0.12 1.88 - 0.10
HW+6 to +9:
No. of successes + + +
/minute 1.00 - 0.14 (42) 0.99 - 0.09 (93) 1.78 - 0.09 (165)
No. of Nereis + + +
taken/minute 0.88 - 0.13 0.96 - 0.09 1.62 - 0.09



TABLE 14. THE FEEDING RATE OF CURLEWS ON NORTH AREA IN.AUTUMN 1974 IN RELATION TO THE TIME AFTER HIGH WATER.

Data expressed as means t S.E. with the number of observations in parenthesis.

Mean success rates in each hour after high water.

3-4 4§ -5 5-8 6 -7 7 -8 8 -9

Total No. of
successes/minute (N) 2.27

1+
I+
i+
1+

'+

+

0.26 (30) 2.19 - 0.16 (72) 2.9 - 0.29 (21) 1.84 - 0.13 (86) 1.4 - 0.14 (43) 2.16 - 0.20 (36)

Nos. of visible Nereis

taken/minute 2.0 To.22 1.93 Y 0.14 2.3% 0.3 1.61 T 0.13 1.3%0.15 2.03 ¥ 0.1
Total No. of probes + _ + + s, +
made/minute 11.60 ¥ 0.37 13.22 T 0.33 11.6 ¥ 0.63 12.24 Y 0.32 10.6 Y 0.21 11.4 Y o.61

89¢
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BAR-TATLED GODWITS.

. Two feeding techni_o_[ues were seen to be.used' by Godwitsg at Seal Sands:
. 1. On fimmer substrates which were either fully éxposed of only shallowly
-covered by water or soft.wet mud, birds fed in the same way as Curlew,
that is by surface pecking followed by probing (i.e. the insertion of the
bill into the substrate to at least a quarter of its length - see Methods

p. 175) to obtain prey.

2. In deeper water or areas of very fine water-saturated mud (liquid mud)
more than 4 ans. deep, birds used surtace feeling, a continuous pecking
over the submerged surface with the bill open, followed eventually by

probing for any item of prey detected.

Although Godwits showed a tendency to move to lower tidal levels as these
were exposed, only at higher states of the tide on North Area {(e.g. HWw+1ls-2%
and HW+9-10) were groups of birds seen to feed for any extended time in the
water, employing method 2 above. Between HW+3-9,feeding neth6d 1 predominated
on North Area. Within the West Enclosure where, as reclamation progressed,
the area covered by fine mud and its depth increased, all Godwits preferred to
feed on the margins of thé dredged material. Here, birds again employed method 1.
Only in the final stages of reclamation were large numbers of birds seen to
feed in the deeper areas of fine sediment where they then fed by method 2. In the
South~East: Enclosure, where the water level remained high throughout its
reclamation, method 2 was used almost exclusively, but observations of feeding
rates were not conducted here.

All my records of foraging activity were made of birds feeding by method 1,

since this predaminated on North Area, which was destined to be the sole

remaining portion of Seal Sands after completion of phase I of the reclamation
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programme. Furthermore, only for birds using this technique could the size of
prey and the numbers of feeding movements be counted accurately.
On North Area, although I observed some slight changes in the composition

of the diet of Godwits ‘with the state of i“'.he tide, and also seasonally, Nereis

gj.lersici-:"lor pre&dﬁix-ua;ted both in terms of absolute numbers of i)rey taken and
biomass. This was also the case before reclamation (Pienkowski, 1973), but
contrasts with the known diets of Godwits on some other major overwintering
sites on the east coast. For example at Lindisfarne, Smith (1975) found

Arenicola rarina to form the bulk of the diet in terms of biomass, while on the

Wash Lanice conchilega was the most important prey (Goss--Custardet al., 1977a).

JHuwever, sore Worais were also taken at bot’ sites but metioularl, on th
Wash. The contribution of different prey species and different size classes of
Nereis (as measured against bill length) to the diet of Godwits feeding on
North Area is shown in Tables 15 - 19. 1In Tables 15 and 16 the conposition of
the diet before and after low water is separéted for the periods October -
December 1973 (during reclamation), January - February 1974 (immediately after
reclamation) and October - December 1974 (the first winter following reclama-
tion). This grouping is necessary since siuffirient data are ..ot available for
each tidal period in each month. The diet of birds for the principal period
for feeding, that is HW+3-9, can however be presented on a monthly basis with
greater accuracy - Table 17. Data relating to the diet ;f Godwits at higher
ticdal levels has not been included in this monthly summary in view of the
disproportionate quantity of small prey taken at these stages of tide (see
Table 18) and the rélatively small proportion of the bird population involved
(see Percentage Feeding Times p.234). Table 18 relates only to the period
BW+2-3, since Godwits fed only sporadically after HW+9-10 and then frequently
in the water, using method 2, which was not recorded in view of its incompati-

bility with records of feeding rates from method 1. A small number of records
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of birds feeding by method 1 after HW+9 were obtained, chiefly in spring 1974,
but are not included here in view of the lack of comparable data for autum
1973 or 1974. |

My findings, in 'I‘al-ale 17, show that for Godwits on North Area visible Nereis
"(t‘nat is, those over quafter .bill—lengthu = ovéf 15 mn.) constituted in exéess
of 90% of all items taken, in all months except October and December 1973 and
September and October 1974, the December record being unusually low because of
the large rumbers of crabs taken in this month. The contribution of small prey
species was highest in autumn of each year. These prey were not identifiable

but probably included Hydrobia ulvae, small Macoma balthica and small worms, no

“doubt mostly hereis but possibly other pulycnaetes such as Scoloplos arnmiger

which occur in small numbers at Teesmouth (Gray, 1976; Herdson pers. comm.).

A 1a1?ger proportion of Macoma occurred in the diet of birds feeding at higher
tidal leve-ls, especially between HW+2--3, and_a]most exclusively in autum.
Macoma wer=s usually taken in the vicinity of the Peninsula where the substrate

is firm ané sandy. Records of Macoma taken in December 1973 are probably

unusual; they coincide with a period when small groups of Godwits were feeding

- on shore crabs, Carcinus maenus., towards the upper part of the foreshore

(where Macoma were most frequently taken at other times of year). These were
areas rarely frequented during most of the tidal cycle when preferred feeding
sites lying at and around the mid-tidal level were exposed. Crabs were taken by
Godwits only in December 1973 and then only for a period of 2 - 3 weeks.
Although the same general feeding area (mainly the Eastern Channel and adjacent
parts of the Central Bank) was observed in autumn 1974, a similar change in the
dietary pattern was not noted. Crabs were also taken by Godwits in late autum
at Lindisfarne (Smith, 1975) but similarly only in small numbers.

The high contribution of Macoma and small prey, the majority of which

were presured to be Hydrobia, in autum coincides with a. period when the

abundance of these molluscs is highest at Teesmouth (Evans et al., 1979) and
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SEASONAL VARIATION IN THE COMPOSITION OF THE DIET OF GODWITS ON

NORTH ARFA BEFORE LOW WATER (HW+3-6).

"I‘he sizes of prey are given as a proportion of bill-length with
the length this represents in millimetres being shown in parenthesis.

Type and
Size of Pr=y

Percentage contribution to the diet.

OCT - DEC 1973 JAN - MAR 1974 OCT - DEC 1974

Small iters
( < &+ bill-length)

. % (15-25)
1 (25-37)
Sizes of
Nereis % (38-55)
% (55-70)
rabs
Macoma

Total No. of items taken

% contribution of visible

worms (i.e. 15-70 mm. in
length).

1.3 32.4 8.8
2.6 14.7 12.0
41.0 - 50.0 30.4
35.9 2.9 44.0
3.8 - 4.0
17.3 - -
5.1 - 0.8
78 34 250
83.3 67.6 90.4



TABLE 16.

SEASONAL VARIATION IN THE COMPOSITION OF THE DIET OF GODWITS ON

MORTH AREA AFTER LOW WATER (HWH6+9). .

ey

The sizes of prey are given as a proportion of bill-length with
the length this represents in millimetres being shown in parenthesis.

Type and

Size of Pray

Percentage contribution to the diet.

CCT - DEC 1973 JAN - MAR 1974

Snall items

( < % bill-length)

e % (15-25)
L (on_
Sizes of ° (25-37)
Nerels 1 (38-55)
% (55-70)
Crabs
Macoma

Total No. of items taken

% contribution of visible

worms (i.e. 15-70 mm. in
length).

48.8

7.0
16.3

27.9

43

51.2

5.1
60.6
29.3

2.0

29

97

OCT - DEC 1974

N
O

14.5
25.6
53.5

3.5

17

97.1

N.B. * October - December 1973 record comes from two series of

observations on the 18/10/73 and 21/10/73 when large numbers

of small prey were taken.
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TABLE 17. THE COMPOSITION OF 'THE DIET OF GODWITS ON NORTH AREA BETWEEN HW+3-9 IN EACH MONTH

AND ON THE WEST ENCLOSURE OF SOUTH AREFA DURING :.UTUMN 1973 FOR ALL STAGES OF THE TIDE.

The sizes of prey are given as a proporLlon of ».11-length with the length th:Ls
represents in millimetres being shown in parent:.esis.

Percentage contribution to the diet in each pericd.

Type and West Enclosure 1973 1974 1974

Size of Prey Autum 1973 OCT* Nov DEC JAN FEB/MAR**  SEP OCT Nov DEC

Small items

( < % bill-length) 15 49 - 2 : 17 20 11 3 7
+ (15-25) 16 7 5 2 5 7 7 11 14 13

Sizes of % (25-37) 53 16 42 41 56 60 31 26 - 26 34

Nerels 4 (38-55) 15 28 53 30 34 14 36 475 53 41
% (55-70) 1 - - 5 - 3 3 4 5

Crabs - - = 13 - - - - - -

Macoma - - - 7 -~ - 3 2 - -

Total No. of items taken 193 43 19 59 59 74 61 109 186 126

% contribution of visible ‘
worms (i.e. 15-70 mm. in 85 " 51 100 78 98 83 77 87 97 93
length).

N.B. * The record for October 1973 included an unusually high percentage of small items, this record comprising largely
measurements on two days only, that is the 18/10/73 and 21/10/73.

** Since only one series of measurements were made in March 1974, -hese have for convenience been combined with the
February record.

72
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TABRLE 18.

SEASONAL VARTIATION IN THE COMPOSITION OF THE DIET OF GODWITS ON

. NORTH AREA BETWEEN. HIGH WATER +2-3.

The sizes of prey are given as a proportlon of bill-length with
the length this represents in millimetres being shown in parenthesis.

Percentage contribution to the diet.

Type and
Size of Pr=y 1973/74 1974
OCTOBER -~ MARCH OCTOBER - DECEMBER
Smll itears
( € % bill-iength) 52,2 34.9
= (15-25) 11.6 9.5
~ .
Sizes of 3 (25-37) 26.1 17.5
Nereis . .
5 (38-55) 4.3 _ 28.6
% (55-70) - 1.6
Crabs - -
tiacoma 5.8 7.5
Total No. of items taken 69 63
% contribution of visible
worms (i.e. 15-70 mm. in 42 57.2

length).

N.B. Data are insufficient to divide the period October 1973 to March

1974 as has been possible in Tables 15 and 16.



TABLE 19. THE PROPOPTIONS OF DIFFERENT SIZES OF NEREIS DIVERSICOLOR IN THE DIET OF GODWITS FEEDING

- e

ON NORTH AREA BFTWEEN HW+3-9 AND ON THE WEST ENCLOSURE OF SOUTH AREA IN AUTUMN 1973.

The sizes of Nereis are given as a proportion of the bill-length (80-100 mm.) with the
length this represents in millimetres keing shown in parenthesis.

Percentage contribution to the diet in each period.

West Enclosure 1973/74 1974 i
Sizes of Nereis Autum 1973 CCT NOV DEC JAN FER SEP OCT Nov DEC
i (15-25) 19 14 5 2 5 9 9 11 15 12
1 (25-37) 63 32 42 52 57 73 40 32 27 39
i (38-55) 17 54 53 39 35 18 47 54  -54 44
% (55-70) 1 - - 7 3 . 4 3 4 5
Total No. of worms measured 164 22 19 46 58 55 46 95 178 117

942
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when the biamass per individual of these species is likely also to be highest
(Goss—Custard et al., 1977a).

The majority of Nereis eaten by Godwits (Table 19) were between 25-50 mm.
in length in both years of my study. The proportion of different size classes
of Nereis taken between October - December was similar in both 1973 and 1974 in
the periods before and after low water, Table 15 and 16, but between HW+3-6 in
January ané March 1974 a lower proportion of half bill length Nereis wés taken
than in the October - December periods of either year. The progressive nature
of this chtznge, illustrated in Table 19 (monthly separation), suggests that it
was real, even though I could not test its significance in the absence of any
confidence lilrs for my menzuareanents of worm size. In tue Octoter - oecarnker
period of ooth 1973 and 1974 the composition of the diet was similar between
HW#3-6 and HW+6-9, but between January - March 1974 my results suggested a
rather sma-ller proportion of worms taken before low water were in the half
bill lengtn (38-55 mm.) size class than of those taken after low water. The
sample for the period H¥H3-6 is very small however.

Although the diet between HWH2-3 (Table 18) included a far larger propor-
tion of small food items thar. between HWH3-9 (hence its exclision from Tables
17 and 19 monthly separation) the proportions of different size classes of
Nereis were in fact similar. It seems likely that the quite abrupt change in
the proportion of smaller prey after the HW2-3 period is associated with the
tidal levels at which the North Area sediments occur; since the majority of
feeding areas are exposed and covered very rapidly around HWH3 and HW+9
respectively.

Data for West Enclosure are insufficient to separate on an hourly basis
and it seems likely that treatment of data in this manner would not be
particularly relevant in view of the rapidly changing conditions for feeding
there. Data have, therefore, been grouped for the whole reclamation period

(Table 17 and 19), the majority of measurements having been made in November
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1973. It is evident that the Nereis taken by Godwits on the West Enclosure
were generally smaller than those taken on the North Area during the same
period, for example only 17% of worms taken in the West Enclosure in November
1973 (the month from which I have most measurement;s) were half bill length
whereas 52% were of this size class in my records for North Area.

A complete summary of searching and feeding rates for each month of my
study is presented in Table 20. Although the searching rate of Godwits on
North Arez appeared to be generally slower during reclamation of the West
Enclosure of South Area (October - November 1973) than after reclamation,
insufficient of the monthly records are significantly different to make any
general statorents concer—ire the influence -0 reclamaticr. mu.ith2 basis of this

parameter of foraging behaviour alone. However, searching rates in October

and. November 1974 were consistently faster than in the respective months of
1973‘. The fastest searching rates of any period during my study were recorded
in the firzl months of 1974, but only for November is the difference significant.
The Movember record differs from all other records in that almost all measure-
ments were taken during the most prolonged pericd of cold weather experienced
at Teesmouth during my study. It was slowest pacirg rate s vich I recorded;
possibly this was associated with the cold, although I found no correlations
between the daily pacing rates and the temperatures or wind speeds (and
therefore chill factors) on those days. When considering these records of
searching rate, it is important to note that all measurements apply only to the
Eastern Channel of North Area and do not incorporate variation due to grouping
observations for different areas, i.e. they reflect quite accurately the rate
at which birds foraged.

The searching rates of Godwits feeding in the West Enclosure were not
significantly different from those of birds using the North Area during

autum 1973.



TARLE 20. SUMMARY OF THE FEEDING ACTIVITY OF BAR-TATLED GODWITS IN DIFFERENT MONTHS.

All records represent means s S.E. with the number of observations in parenthesis.

Searching Rate

(Time taken for 5 paces) Mean Nos. of + Mean Nos. of + Mean Nos. o£ visible
in seconds (N) probes/min. — S.E. {N) successes/min. — S.E. worms/min. - S.E.
West Enclosure + + + +
Oct-Dec 1973 1.95 £ 0.14 (56) 8.68 Y 0.28 (92 2.25 1 0.14 1.91 ¥ 0.13
North Area + + +
1973/74 HW+2-3 - 6.06 £ 0.57 (47) 1.43 ¥ o.21 0.62 ¥ 0.13
North Area
1973/74 HW+3-9
OCTORER 2.14 ¥ 0.17 (18) 7.16 £ 0.43 (25) 1.72 T 0.22 0.92 ¥ 0.13
NOVEMBER | 2.35 T 0.13 (17) 8.41 T 0.63 118) 1.12 T 0.22 1.12 T 0.22
DECEMBER 1.67 £ 0.08 (55) 7.713 Y 0.35 (67 0.83 T 0.10 0.64 | 0.08
JANUARY 1.77 ¥ 0.06 (80) 6.91 T 0.23 (86) 0.73 ¥ 0.09 0.71 ¥ 0.09
FEBRUARY 1.63 £ 0.15 (39) 6.63 £ 0.31  (54) 1.0 T o.11 0.96 = 0.11
MARCH 1.69 £ 0.12 (27) - - -
North Area
Autum 1974
s - 6.35 £ 0.36  (55) 1.16 £ o.11 0.76 ¥ 0.12
SEPTEMBER 1.72 Y 0.1 31 8.70 Y 0.57 (35 1.82 T 0.21 1.37 1 0.16
OCTOBER 1.79 ¥ 0.09 (39) 8.29 Y 0.30 (71) 1.56 ¥ 0.22 1.37 Y o.11
NOVEMBER 1.43 ¥ 0.09 37 7.88 ¥ 0.23 (118) 1.67 ¥ 0.15 1.58 £ 0.10
DECEMBER 1.41 T 0.06 (30) 7.37 Y 0.28 (86) 1.52 Y 0.18 1.40 Yo.12

642
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The probing rate of Godwits feeding on the Eastern Channel of North Area
in the 1973/74 winter (Table 20) showed no significant variation from month
to month; only the value for total number of successes/minute in October 1973
is sigqificantly higher than the December 1973 and January 1974 records. The
significance of evenr this difference disappears, however, when the comparison
is restricted solely to visible worms taken. Despite the lack of significant
variation éuring this winter there was a trend for probing rates to diminish
after early autum and for success rates to be lowest in mid-winter.

The msan monthly rates of capture of all prey items and the rate of capture
of visible worms was consistently higher in autum 1974 than in the same months
ol 1973, yat 2 significant J.fference can Lo show: only viacen respective
December measurements. The rate of probing in equivalent months of 1973 and
1974 was sindlar; In autumm 1974, as in autum 1973, there was a tendency for
the probing rate to fall from early autumm onwards. 1In autum 1974 there was
no indication that the rate of capture of all prey, or of worms alone, fell
between October and December as appears to have occurred in 1973. Neither the
capture rate of prey nor the probing rate varied in relation-to air temperature,
nud temperatun: or wind speed.

Table 21 shows the probing rates and success rates of Godwits on North
Area for each hour between HW+2-10. Probing and success rates were consistently
higher in 1974 than in 1973, while for each hour between HW+3-5 and HW+7-9
the rate at which visible Nereis were taken was significantly higher in 1974
than in 1973. There appears to be no consistent variation between success
rates in each hour during the period HW+3-9 in either the 1973/74 winter or in
autum 1974, and this was true also for the HW2-3 period in 1973/74 winter.

In autum 1974, however, the overall success rate and the capture rate of
visible Nereis between EWH2-3 was significantly lower than in the period

HWH-3-9.

Since my data on success rates are insufficient for separation for each



TABLE 21. SUMVARY OF FEEDING RATES AND FPROBING RATES OF GODWITS ON NORTH AREA IN RELATION TO TIDAL LEVEL.

The data are expressed as means ¥ S.E. with the number of cbservations in parenthesis.

The number of hours after high water.

2-3 3-4 4 -5 5-6

(9))

-7 7 -8 g -9 9 - 10

Probes/minute

Winter 1973/74 6.06-0.57(47) 8.05%0.7 (19)

7.73%0.40(49) 7.47%0.36(59) - 7 07%0.34(42) 6.63%0.35(40) 6.58%0.26(60)

Autum 1974 6.3570.36(55) 8.4 T0.27(98) 8.71%0.35(59) 7.0%0.35(16) 6.5 Y0.41(21) 7.11%0.33(67) 8.51%0.29(49)

Total no. of

Successes/min.
Winter 1973/74

Autumn 1974

No. of visible
worms captured
/minute

Winter 1973/74

Autum 1974

1.43%.21

1.16%0.11

0.62%0.13

0.76%0.12

0.98%0.12
1.64%0.11

0.8070.11

1.46%0.11

1.02%0.13

1.76%0.15

0.7520.11

1.4630.12

"1.68%0.22

1.68%0.22

1.29%0.17*

1.62%0.36

0.31%0.11

1.52%0.36

N.B. * This record from October 1973 included large numbers of small prey.

0.85%0.14

1.62%0.16

0.8510.14

1.47%0.15

0.90%0.11

1.6470.21

0.90%0.11

1.38%0.12

0.8730.16

0.79%0.14

182
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TABLE 22,

THE FEEDING RATES OF GODWITS ON NORTH AREA BEFORE AND AFTER

LOW WATER IN THE PERIODS CCTOBER - DECEMBER 1973 AND 1974,

AND BETWEEN JANUARY - MARCH 1974.

Each record represents a mean t S.E. with the number of
observations in parenthesis.
Mean number of prey captured/minute.

Tidal level
OCT - DRC 1973 JAN MAR 1774 M- TEC 1974

HH3 to +&

No. of successes
/iinute 0.88

|+
P4
1+

0.09 (84) 1.37 - 0.19 (27) 1.67 - 0.08 (173)

No. of Nereis +
taken/minute 0.71 - 0.08 0.95

I+

0.19 1.51 ¥ 0.08

HH6 to +¢

No. of successes
/minute 1.72

1+
1+
14

0.22 (25) 0.82 - 0.07 (126) 1.62 - 0.12 (137)

No. of Nereis +
taken/minute 0.88 - 0.13 0.79 - 0.07 1.57 - 0.12
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hour within each month of my study, in Table 22 I have grouped records for

the periods HW+3-6 and HW6-9 for the three principal divisions of my study

as it relates to the reclamation programme. Unfortunately even this grouping
seems not to remove the problem of small sample sizes. It is probably for

this reascn that the unusual, yet significant, differences in total success
rates occur, i.e. the higher success rate after low water in autum 1973 whereas
success rzte is higher before low water in spring 1974. Capture rates of
visible Nereis in these two periods do not differ however, confirming the
earlier observation based on Table 21 that capture rates were reasonably similar
in each hour between H#3-9. The grouping of data in Table 22 serves to
smphasize the asignificantly higher capture rates of Ne.zis L1 autuma 1971 rhan
in either autumn 1973 or spring 1974. Unfortunately simdilar generalization is
not possible with respect to total success rates because of the two unusual

records which have been noted abkove.
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REDSHANKS.

During reclamation the distribution of Redshanks on Seal Sands
corresponded to the areas where fine sediment was, being actively deposited
(see p. 209) - primarily in the West Enclosure and on adjacent sections of North
Area, particularly in the channels draining northwards from the East/West wall.
Particularly favoured were those areas where the liquid sediments were between
Redshank nee and thigh depth (around 4 - 8 am.) although some birds continued
to feed even when this liquid mud was almost up to the lower edge of the wing.
In these situations Redshanks fed almost exclusively by swishing, a technique
which invoived a side to side sweeping notioa of the bill which was held
between half to fully immersed in the liquid sediment.

There were many variations of the swishing technicque and, although I did
not attaempt to record these in detail, it is interesting to note the more
distinct forms which were employed. The most typical method of swishing
involved & fast side to side movement of the head, the bill inserted into the
mud to about half its length. After several swishes the prey captured would
be swallowed and this appeared to occur at very regular intzrvals. Tiese drey
were not visible but it seems likely that the majority were small worms,
oligochaetes and small polychaetes including Nereis. No doubt several were
captured before swallowing. Most birds swallowed while continuing to move
through the mud, the whole behaviour being uninterrupted. In same situations
swallowing followed only a single swish. Occasionally the method was modified
into a simple forward scooping movement of the bill, followed by swallowing in
all cases.

A second important and distinctive form of swishing involved a deeper
movement of the bill through the mud and a wider arc of sweeping with many
swishes being made hefore an item of food was encountered and swallowed. The

principal prey taken by this method was almost always Nereis. On the North
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Area crabs were also taken by this method in the first few weeks of December
1973.

Redshanks fed at extremely high densities while swishing , and
consiéerable grouping of birds occurred within an area. Each bird within a
group used one or other of the two swishing variants, rarely both. On
occasions groups some 20 yards apart in sediment of similar depth would use a
different variant of swishing. A rather tighter grouping of feeding birds
was evident at night and the pacing rate appeared faster, but in measurement
over 30 seconds this was counteracted by more frequent pauses in pacing. On
one occasion a single group of over 200 feeding Redshanks was seen at night and
similarly lerge flocks we e ~zen by Joss-rlerd on the Yias o-tuary
(Goss-Custard, 1970).

Between mid-October and mid-December 1973, almost all Redshanks fed by
swishing. In early October, before reclamation had created any substantial
areas of fine sediment, and between the end -of active reclamation and the end
of the 1973/74 winter, the more typical feeding technique of this species,
namely discrete pecks and probes, was more prevalent although still subordinate
to swishing. This was localizzd cnh the better drained fir.zr substrates, areas
used hardly at all during reclamation. In autumn 1974, only in October were
small groups of Redshanks seen swishing in the manner recalling their behaviour
throughout the reclamation period. Thereafter, surface pecking and probing was
the principal feeding method although swishing was used comonly in areas of
surface water and patches of liquid mud near the slag walls bounding North
Area. In autum 1974 swishing and pecking/probing appeared freely inter-
changeable as birds moved from wet to dry substrates respectively. This
contrasts with the situation in the 1973/74 winter when birds generally
employed either one method or the other, a result of the tendency for

individuals to feed more strictly on a single type of substrate.
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Because of the predominance of swishing amongst Redshanks in autumn 1973,
I decided to record the feeding activity of birds using this m-ethod only during
that winter of my study. As for Shelducks and Dunlins, I measured a cambined
searching and feeding'rate in terms of the numbers of paces taken in 30 seconds.
This was converted to a rate/minute for presentation in this section.

The caily mean pacing rates of Redshanks feeding by swishing on North
Area in dzylight ranged from 57.9 * 5.8/min. (numbers of cbservations = 18) to
'92.5 £ 3.7/min. (24) while mean pacing rate at night varied from 58.3 ¥ 5.4
(31) to 1C1.6 ¥ 4.3 (28). Mean pacing rate on the West Enclosure ranged fram
57.6 ¥ 5.5/min. (20) to 128 ¥ 2.1/min. (22) in daylight and from 78.8 ¥ 3.2
Jmin. (26) 13 97.4 T 4.0 %n .- (15) o night. ALl Gaily ncx. velues of pucing
rate (swishing) in the 1973/74 winter are plotted in Fig. 25.

. f[he'variability Oof mean pacing rates during reclamation is in part due

to (%liffe.t:ences in the technique of swishing used, as described above. For
example, one day in late November 1973, the mean pacing rates of two groups of
Redshanks feeding in West Enclosure were 102 Yoy (26) and 57.6 ts.es (20).
These two groups of birds were using a different variant of swishing, one taking
small unidentifiable prey (fa;:-t pacing) and the other taki.y Nereis. Although
it seems likely that differences in the depth of fine sediment might have
influenced the choice of a particular style of swishing or rate of pacing,
this was not confirmed by my observations. On North Area,where the variant of
swishing was similar on all occas_ions that I took measurements of pacing,
differences in mean pacing rate appeared to be related to temperature,
Fig. 26. While differences in pacing rate might arise because different
prey types are being positively selected as noted above, a graded change with
birds tending to pace more quickly as temperatures fall is unlikely to result
fram this cause. It is possible that as temperatures fall a preferred prey

may become less available with the result that birds begin to take other prey
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for which a faster pacing is necessary. Bjqually, however, faster pacing
while swishing, since this includes both searching and feeding movements,
might occur as the rate of prey capture decreases and this might well occur
due to diminished préy availability as temperat;.}res fall. A lower rate of
capture would mean less time spent in swallowiné and handling.

Three records diverge considerably from a direct relationship between
pacing rate and temperature, two on the 27th February during the day and one
on the 25/26th of that month at night, during a period in which mean daily
air temperatures were generally very low. The two unexpectedly low records
of mean pacing rate on the 27th February occurred when the mean daily air
temperatior. was 2.5°%C a1 vien suborrate Larperature wel 3%, It seer.
possible that the prey soucht by these Redshanks mighit, like Arenicola at
temperatures below 4°C (Smith, 1975), have become less active, and so less
ea:la;i.ly' éetected by feeding birds. This might have required Redshanks to
search more carefully and, therefore, more siowly.

It seems likely that the faster pacing rate I recorded on the relatively
warm night of 25/26th February was related. in same way to the feeding perform-
ance of birds in daylight uring that week. It is tempt.ag, for example, to
suggest that a faster searching rate might have occurred so as to campensate
for the lower intake rates which probably occurred in the daytime.

In autum 1974 surface pecking and probing predominated over swishing,
and since the use of swishing (i.e. birds feeding singly not in groups) was
very different fram the 1973/74 winter, I chose to record the feeding rates of
birds using the former technique. The aim was to provide data for the period
October - December 1974 comparable with the pre-reclamation data collected by
Pienkowski (1973). I accepted, therefore, that for this species it would not
be possible to provide direct comparison of feeding rates between the two

years of my own study. A single record of pacing rate amongst groups of birds
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TABIE 23.

THE FEEDING ACTIVITY AND DIET OF REDSHANKS FEEDING ON THE NORTH

ARFA OF SFAL SANDS IN AUTUMN 1974.

These records are of birds feeding by 'pecking' and 'probing' only.

Sumary cf searching rates and feeding rates.

Values ars expressed as a mean : S.E. with the number of observations
in parenthesis.

Searching rate CCTOBER NOVEMBER DECEMBER

(Time takan for 5 paces) + + +

in seconcs 1.7 - 0.06 (18) 1.75 - 0.07 (15) 1.63 - 0.07 (15)

No. of successes + +

/minute () 9.58 £ 1.53 (12) 11.03 Z 1.98 (34) 6.33 T 0.43 (15)
R : + . + +

No. of probes/minute 7.25 = 1.07 6.94 - 0.55 7.07 - 0.38

Composition of the diet.

Visible Nereis

Small items  Crabs 20 mm. 21-35 rm. Over 35 mm.

Percentage
contribution to
the diet 43 42 9.5 4 1.5

Nos. of prey
captured 156 152 34 11 4
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swishing in late September 1974 - the only period when Redshanks behaved in
the manner they had used throughout the previous winter - provided a mean of
84.8 Yas paces/min. (20), significantly higher than for autum 1973 records
on North Area.

During autumm 1974 searching rate and feeding rate were assessed in the
same way as for Curlews and Godwits. Mean monthly values are shown in Table
23 and indicate that neither searching rate nor probing rate changéd appreciably
between October and December. Success rates also were not significantly
different, although the November value, when large numbers of small prey were
taken, is substantially higher than in December. The sample sizes for these
valves ar . Fowever, Jmali.

The majorily of my records of feeding activity in autum 1974 were of
groups of Redshanks feeding on North Area in the channel draining the reclaimed .-
South Area, ané which separates the Central Bank fram the Scalloped Mud. Tt
‘was the only portion of Seal Sands where reasonable aggregations of Redshanks
occurred at any time in autum 1974. Elsewhere kirds were very scattered. 1In
the 1973/74 winter this channel had keen used heavily for feeding by
swishing especially in the immediate post--eclamation period_: in autum 1974
most birds feeding here probed for prey. For Redshanks feeding on this site,
small items and small crabs (between 5 mm. - 12 mm. in width) contributed
equally to the diet (Table 23) together comprising 85% of prey captured.
Visible Nereis constituted 15% of the diet by number and the majority of these
were of the smaller size class present at Teesmouth. This diet is probably
not typical of Redshanks feeding elsewhere on North Area since it refers to
only approximately 25% of the population at this time, and on no other parts

of North Area were crabs seen to be taken.
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CUNLINS.

The North Area of Seal Sands was the most important low water feeding site
for Dunlins throughout my study despite the availability of the West Enclosure
in a virtually unmodified state in early October 1973. On North Area birds
showed a marked preference for feeding on areas of sticky mud, a substratum
which, apart from regular use by small numbers of Redshanks, was generally
not used »y other waders, but which was the preferred feeding substratum of
Shelducks also. Only between HW+1ls-2, that is, immediately the tide began
to fall on YMerth Area, did Dunlins tend to feed on other substrata, and then
- only shong Lle tide edge. s the tide retreated, progrossively fewe: bitds
fed at tre water's edge although most followed just behind the retreatiﬁg
tide such that at low water most birds were concentrated at the lowest tidal
levels. - A similar pattern of feeding was recorded by Prater (1970) on
Morecamb= Bay although the main feeding areas there were on wet sandy sub-
strates. FHowever, on the Wash Goss-Custard et al( 1977a) found that Dunlins
preferrec wet muddy substrates as at Teesmouth.

In areas of sticky mii. cnn North Area, Gray (1976) fourd high densitics of
small oligochaete and polychaete worms (see Shelduck) and my observations
of Dunlins feeding at close quarters, mainly at around HWt2 on the flats in the
extreme south-east cormer of North Area, indicated that these were most
important in their diet. Only occasionally did I see larger prey taken on

North Area and these appeared to be small Nereis. Large Nereis diversicolor

were, however, taken consistently by the relatively small numbers of Dunlins
which fed on the West Enclosure during the low water period on North Area.
Berdson (pers. comm.) found cligochaetes present in the oesopnagous of 65%

of a sample of 48 Dunlins shot on Morth Area in winter 1972/73 and these were

estimated to comprise 55% of the diet in terms of biomass. At the same time,
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Nereis were estimated to comprise 25% and Hydrobia 3% of the diet by biomass

and of the Nereis only 0.7% by numbers were thought to exceed 15 mm. in length,

that is the size at which they might be identifiable at distances over which my
observations were made. This accords well with'my observations that very few
birds on North Area captured Nereis of the 'visible' size classes, i.e. over

15 mm. Similarly Hydrobia would not have been distinguishable by observation.
That Fydrobia contributed so small a percentage to the diet is perhaps

surprising in view of the abundance of it on North Area (see p. 152), and
also in iew of the fact that this is an important prey on other British
estuaries (Goss-Custard et al.,1977a; Davidson, 1971) along with Nereis

diversiccior.

Duniins feeding on small prey (presumed to be chiefly oligochaetes)
emp‘loyed_'a very rapid feeding movement, prey generally being captured by
probing't_:o around half the depth of the bill. This was usually preceded by
rapid surZace pecking which appeared to be exploratory. The overall
impression was of a stitching motion which was virtually continuous as the
individual moved relatively slowly over the mud surface. Birds feeding in
this manner generally travelled only a few yards in a 30 second period or
observation and in fact birds tended to feed thus for several minutes on one
patch of sticky mud before moving quickly to another patch closer to the
retreating tide edge where a further prolonged bout of feeding was repeated.
This foraging behaviour contrasted sharply with that employed by birds feeding
along the tide edge on firmer, better drained, sandy substrates ( for example,
those adjacent to the Peninsula). Such birds moved rapidly along the tide
edge feeding on items on or very close to the surface.

The preponderance of small prey items in the diet of Dunlins precluded
exact measurement of feeding rate alone. As for _Shelducks my measurement of
pacing rate represents a canbination of feeding and searching rates. I

collected Gata only from those groups of birds feeding on areas of sticky mud
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since, not only were these the preferred feeding areas for this species, but
also the slower rate of pacing was more easily and more accurately measured.
Far the West Enclosure records were taken of birds employing the same feeding
technique.

Within Morth Area the association of Dunlins with the general vicinity of
the tide edge resulted in the rapid disappearance of almost all birds beyond
a distance at which measurements of pacing could be made after HW+4. The
majority o my records were of necessity, therefore, obtained between HWH-2-4.
Thereafter, my records were obtained from small groups feeding in pockets or
. channels ¢£ sticky mud within the Scalloped Mud and Central Bank areas or
naar the watar's edge in Grzatham Creek.

Mean pacing rates during my study varied from 49 - 138 paces/minute,
differences in pacing rate appearing to arise from the frequency of short
movenents' between feeding sites rather than from differences in the rate of
pacing while actively pecking and probing for food. For the North Area,
pacing rate showed no consistent seasonal change during the 1973/74 winter
(Table 24). Fowever, mean pacing rate in October 1973 was significantly slower
than for othes months in thet winter, except February 1974, for which the
pacing rate I recorded is also significantly lower than in November and
December 1973 and January 1974.

In autum 1974 pacing rate in October was significantly slower than in
November and December suggesting a similar pattern of change to that in 1973.
Pacing rates generally were slower in autum 1974 than in 1973 and the differ-
ences are significant between respective Movember and Necember mean values.

It seems likely that differences in mean monthly pacing rates arise from the
fact that observations were not obtained under similar temperature conditions.
The significant differences which occurred in both winters are probably

explicable in terms of the prevailing temperatures (see below).



TABLE 24. MONTHLY SUMMARY OF DAYTIME PACING RATES OF DUNLIN ON SEAL SANDS.

The data are expressed as mean values ¥ S.E. with the mwber of observations in parenthesis.

1973/74 OCTOBER NOVEMBER DECEMBER. JANUARY FEBRUERY MARCH

1+
+

North Area 74.2 - 4.15 (80) 105.4 - 1.32 (48) 110.79 T 1.4 (114) 104.4 T 2.00 (123) 87.6 T 478 (45) 105.6 Is5.3 (61)

1+
+

West Enclosure 116.0 ¥ 2.6 (32) 111.2 £ 3.4 (68) 120.4 * 3.73 (47)
Autumn 1974
North Area 58.4 T 4.4 (49) 79.5%¥4.7 (80y s85.0 T 4.68 (51)

562
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Simple correlations of daily mean pacing rates with climatic variables
revealed no consistent relationship with wind speed, but there was an inverse
relationship between daily mean pacing rate inthe 1973/74 winter and mean daily
air temperature (p = 0.01; Fig. 27 ). Since my observations of Dunlins at
Teesmouth suggested that increases in pacing rate were due primarily to an
increase in the frequency with which birds moved feeding sites, the increased
pacing rates at lower temperatures indicates that birds shifted feeding site
more freqguently then, by moving more rapidly to keep up with the retreating
tide edge. This might have been expected if prey were less available at lower-
temperatu:es; perhaps because they burrowed deeper or were less active and
therefore less frequently Jdetected. A »efurtion i Aactivity of intertidsl
polychaetes at low temperatures has been found for Arenicola (Smith, 1975) and
Scoloplos (Pienkowski pers.cam.) elsewhere in north-east England. The autumn
1974 valﬁés do not show a significant relationship, however. although the
same rangs of temperature conditions was not experienced on days for which I
made measurements. Perhaps temperatures did not fall below a threshhold at
which activity is reduced, for example the 3°C threshhold which Smith (1975)
found for Arenicola.

The pacing rates of Dunlins within the West Enclosure were generally
higher than those of birds feeding in North Area but a significant difference
was evident only in the month of October 1975. It is possible that these
differences were due to differences in substrate type and prey availability,
but this could not be checked. Alternatively, since large Nereis were an
important component of the diet of Dunlins in West Enclosure, there might have
been a tendency for birds to search more rapidly for this relatively scarce
prey and therefore pace at a higher rate.

On one occasion in early December 1973, the intensity of lighting and
proximity of feeding Dunlins in the West Enclosure allowed measurement of

pacing rate at night, over periods of 15 seconds. This single series of 32
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FIGURE 27 : VARIATION IN THE PACING RATE COF DUNLINS IN RELATION TO TEMPERATURE DURING THE 1973/74 WINTER (p = 0.01).
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observations gave a mean rate of 91.4 T3 paces/minute, significantly slower
than the daytime pacing rate,but without a rather larger collection of data no
general conclusions can bte drawn from this. TIf it is true, however, perhaps
the most obvious explaﬂation is that Dunlins were”taking longer to search for
and capture prey in darkness, this either giving the direct result of birds
pacing more slowly while searching for food in one locality or resulting in

birds reducing the frequency with which they moved feeding site.
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DISCUSSION AND CONCLUSIONS,

OONCLUSIONS CONCERNING THE CHANGES IN NUMBERS OF BIRDS USING SEAL SANDS

[WRING AND 2F R TilE: RECLAMNITION OF SOUTH wu.EA.

Because my study spanned rather less than two winters, it is possible thaﬁ
the changes in numbers which I recorded (p. 180) might represent normal variafioh |
in the use of Seal Sands. Fortunately, Mison with counts made by Pienkowski
(1973) of birds feeding on Seal Sands in spring 1973, together with monthly counts
of birds roosting at high water made by the Teesmouth Bird Club (TBC) for several
years before i1n.clumation, make it possible to astablish the cranges I found with
more certainty and to assess the magnitude of these changes.

Since the data fram these two sources are extensive and are examined in
tabular and graphical form elsewhere (Evans et al., 1979; Knights, 1974), they
are not reproduced here. Instead, selected information is used in the following

species-by-species camparisons.

Shelducks.

Seal Sands is the principal feeding area at Teesmouth for this species and
counts at high water directly reflect its use. Thus, for example, during the
period of this study, the TBC data and my own counts of birds feeding at low

water are closely similar. In view of this, I have used the TBC counts for the
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four winters preceding reclamation to show that the numbers of Shelducks using
Seal Sands normally build up through autum, achieving a peak population around
the middle of winter which is usually in the order of 1500 - 1700 birds. In
contrast, the numbers overwintering during and afper reclamation were lower,
the counts in the peak month being 1300 during reclamation and just over 1000
after reclamation (although in most other months counts were closely similar in
these two winters). This suggests that there was a reduction in use of the area
by between 200 - 500 birds campared with preceding winters. Furthermore, in
both winters of my study the peak in numbers occurred one month earlier than
was usual in previous winters.

M the evidence of my rerords 2lone, it *xruld agr=ar that the numbers >
Shelducks using Seal Sands had been reduced as a result of the loss of South
Area and that additionally there was a tendency for some of those birds settling
there\.‘irLit-i"ally in autum 1973 and 1974 to emigrate earlier than would normally
be the case. |

Other evidence, however, is against a conclusion of this sort, in particular
the fact that counts of birds using Seal Sands in the 1975/76 winter were higher
than in any year since the 1968/69 winter, and high levels have again been
recorded in subsequent winters (Evans pers. comm.). This demonstrates that the
low levels occurring in 1973/74 and in 1974/75 were not permanent: Seal Sands
could support as many Shelducks, both in terms of numbers and period of use, as
it had done before reclamation. ‘If this is so, perhaps the reason for the low
levels in the 1973/74 and 1974/75 winters might be the result of the mildness of
the winter, with birds staying in estuaries further south and on the continent.

Thus, it must be concluded that Shelducks were probably not affected by

the loss of South Area for feeding.

Grey Plovers.

For this species I have suggested that a steady overwintering population is
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established in late autum after a peak which coincides with the principal
period of migration through the north-east of England. High water counts before
reclamation also support the fact that the population remains reasonably steady
from late autum. This fact makes it possible to assume that the numbers of
birds using Seal Sands in early spring 1973 (Pienkowski, 1973) and my own records
in late autumn 1974 were representative of the respective winters as a whole.

On this basis it would seem that the overwintering numbers of this species

have declirad from around 220 in the 1972/73 winter to nearly 100 in the 1973/74
winter and to 80 in the 1974/75 winter,

Of particular interest is that in both winters of my study the successively
icwer populatia levels were catablished al a very early stage of the winter,
when temperatures were still relatively mild and when the invertebrate food
resources of the flats and their availability were at their highest.

My co;mts during the 1973/74 winter show that the number of Grey Plovers
was maintained with no indication of a progressive decline despite the fact that
feeding was confined temporarily to North Area in December 1973 and January 1974.
Nor was there evidence of a decline when South Area was fully reclaimed in
February 1974. Numbers remained steady until April when normul departure of
birds from Teesmouth occurs.

Furthermore, this steady level of population was maintained despite the
fact that the reclamation of South Area provided in several months very attractive
feeding during which time North Area was sparsely used. In such a situation, it
might have been expected that larger numbers of plovers would have used the North
Area or made use of the attractive feeding within South Area, yet this did not
happen. Certainly the TBC counts indicate that substantial numbers of Grey
Plovers were present elsewhere in the Teesmouth area. My own counts in December -
1973 showed that 37 fed on Bran Sands while the TBC counts included 140 birds
which must have been feeding on sea beaches and North Gare Sands. None of these,

however, appeared to move to Seal Sands.
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The determination of overwintering numbers in autum, with the associated
maintenance of a steady population, hints at the assessment by individuals of a
carrying capacity for the feeding area available. Clearly, birds could not have
predicted the changes occurring in feeding area and feeding time that occurred
during reclamation so perhaps the maintenance of a steady population in the
1973/74 winter was the fortunate result of the timing of reclamation, the degree
to which it provided feeding of high quality and the mildness of the weather.
Nonetheless, in the 1974/75 winter the early adjustment of numbers suggests again
an assessrent of a definite carrying capacity. In this context, I consider that
the carrying capacity of an area is expressable in the number of bird days that
;1% cen syproti, and that birds are capable of assessing i ‘food resourcee
required for overwintering, or approximately so, and disperse over the feeding

area accordingly.

Curlews.

At Tessmouth, high water counts of Curlew by the TBC before reclamation
indicated an autumn peak followed by a decline to low levels in mid-winter, and
a rise again ;1 early spring followed by = gereral departure of birds for breed-
ing in April. This same pattern was maintained in the TBC counts during and
after reclamation, and occurred also in counts of birds feeding on Seal Sands in
the 1973/74 and 1974/75 winter. Reclamation did not, therefore, seem to result
in any major- change in the patter;fl of use of Seal Sands, although there was a
slightly earlier departure of birds in spring 1974, occurring in March rather
than in April, possibly in response to the mildness of the weather.

My observations suggested that part of the characteristic decline in numbers
during the mid-winter period arose fram the movement of birds previously feeding
on Seal Sands in autumn to feed almost exclusively on flooded pasture. Same of
these birds returned occasionally, conspicuous as a single group which frequently

did not feed, returning perhaps more permanently in spring and thereby providing
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the usual increase in numbers feeding on Seal Sands. The location of roosts
counted at high water by thle TBC was such that it included primarily those
feeding on intertidal areas; hence the similarity in pattermn of high water and
low water counts.

Considerable day-to-day variation in the numbers of Curlews visiting Seal
Sands in spring 1974 seemed to characterise the gradual increase in their
reqgular use of intertidal areas and corresponding diminishing use of field areas.
For this r=zason comparison is difficult with late spring 1973 counts of birds
on Seal Sends by Pienkowski. However, his early spring records correspond
with a period when the population feeding there would probably equate with the
, low mid-winter levels and these, therefore =iovide -z better ~amparison vith
my own records. Thus, in early spring 1573, Pienkowski found that approximately
120 Curlews fed throughout the tidal cycle on the North-East Enclosure (the
prej:'érred.'feeding site of this species before reclamation), while a further 120
birds, which initially fed there, moved to Nérth Area when this was exposed,

a total using Seal Sands at low water, therefore, of 240 birds. In spring 1974
only 100 Curlews fed on Seal Sands, suggesting that in total there had been a
reduction of around 140 birds in the populaticn using the area, that is,
approximately the number that had previously used the North-East Enclosure.

In the mid-winter period in the 1974/75 winter, there were broadly similar
numbers of Curlews using North Area as occurred there in the 1973/74 winter,
reaffirming that there had probably been a decline in the numbers present at
this time of year campared with the 1972/73 winter. However, to set against
this conclusion is the fact that the field areas were providing particularly
attractive feeding in both winters, owing to the wetness and mildness of the
climate, which resulted in extensive flooded and saturated pasture being
available for long periods.: Perhaps birds simply preferred to feed in field
areas in these two winters, although North Area might have supported them equally

as well. This is at least in part the case, since in respective months of the
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- 1975/76 winter rather higher numbers fed on North Area than in the 1973/74
and 1974/75 winters, but not as high as used Seal Sands in the 1972/73 winter.
In conclusion, it must be borne in mind that field feeding is of great
importance to this species. Although the numbers ’of Curlews using Seal Sands
at various times during winters after reclamation have been similar to those
occurring there before reclamation, it is not certain whether .remaining inter-
tidal areas can support regularly the numbers which fed there previously.
Reclamation seems to have medified the balance in use of intertidal and field
areas, which for this species seem equal in their relative attractiveness for
feeding, tzken over the winter as a whole, the result being that regqularly high

levels of us= of Seal Sands is unlikely.

Godwits.
\in th.e 1973/74 winter, a reasonably stable population level was established
following =n early autum peak, and this was _maintained despite the temporary
loss of feeding in the West Enclosure (between December 1973 and late January
1974) when birds displaced from there were accommodated on North Area. This is
very similar to the situation fcund for Grey Plovers and it i3 perhaps relevant
that both species feed almost exclusively on intertidal areas and for both the
South Area provided a very important feeding site during its reclamation.

In contrast with Grey Plovers, the numbers of Godwits using Seal Sands fell
when the South Area was finally reclaimed in February 1974, with between 50 - 60
birds disappearing from Seal Sands. Scome of these birds possibly emigrated,
but others may have moved to Bran Sands and sea beaches outside the estuary
where small numbers fed throughout the winter. High water counts suggest that
in spring 1974 about 50 Godwits, other than those on Seal Sands, fed in the
Teesmouth area.

There was a further substantial departure from Seal Sands involving 30 - 40

birds during March, the month when major departures occur fram other estuaries in
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north-east England (Evans and Smith, 1975). Since Pienkowski (1973) found that
departure of Godwits occurred in February as well as in March before reclamation,
it is possible that the entire decline in spring 1974, although coincident with
the final loss of South Area, was a normal feature of the seasonal fluctuation
of this species at Teesmouth. Thus, as for Grey Plovers, there is no definite
evidence of any progressive loss of birds fraom Seal Sands which might be
associated with the phases of reclamation during the 1973/74 winter.

Thé m:" r of Godwits using Seal Sands before reclamation in spring 1973
was at least 600 (Pienkowski, 1973). About 500 fed almost throughout the tidal
cycle on the MNorth-East and West Enclosures, while just over 100 used North Area
- at, lew water. Assuming tha* this early soring cont of 80" Lirds roprese. _ed
the steady oopulation level which appears to be established in autum, then over
300 less birds used Seal Sands in the 1973/74 winter.

;\ltho;.igh the steady overwintering population was established during the
period of raclamation of the West Enclosure —: being finally achieved at the end
of its reclzmation - the initial settlement on Seal Sands was same 200 birds
fewer than had remained throughout the previous winters and it seems reasonable
to assume that this loss was directly attributsble to the absence of the Nortia-
East Enclosure.

Despite the maintenance of a reasonably steady population over the
mid-winter period of the 1973/74 winter, the stable level of population estab-
lished on their return in autum 1974 was further reduced by over 50% to less

than 100 individuals.

Redshanks.

The high water counts made by the TBC indicate that before reclamation the
numbers of Redshanks at Teesmouth usually fell from a peak of 800 - 1,000 in
early autum to levels of around 500 in spring, this fall being progressive

through the winter pericd.



306

In early autum 1973, after reclamation of the North-East Enclosure had
been campleted, nﬁmbers of a similar order began to use Seal Sands, particularly
the West Enclosure. A loss of around 140 birds between October and November
1973 was probably part of the normal migration through Teesmouth. When the
West Enclosure ceased to be important for feeding, there was a loss of 500
birds fram Seal Sands. The immediacy of their decline indicates a direct link
with the state of reclamation but it seems probable that many of these birds
remained in the locality, feeding almost exclusively on field areas, since scme
300 Redsharnks quickly returned to Seal Sands when reclamation of the South-East
Enclosure recreated fa\}ourable feeding. This suggests a real decline in the
. numoers of Re.i‘,imnks i the locdity (and 2o least in pavt dependant on Seal
Sands) of perhaps 160 birds. However, a decline of this order would perhaps
be expected on the basis of their pre-reclamation pattern of decline through
the winter. Indeed, the numbers using Seal Sands when the South-East Enclosure
was being reclaimed were similar to, if not rather higher than, those present
there before reclamation in February 1973. When active reclamation ceased and
the South Zrea was no longer favoured for feeding, many Redshanks again appeared
t» resort to field areas and this contrasts witn the same period in spring 1973
when numbers using intertidal areas increased.

It is evidenié that during reclamation the South Area was of special impor-
tance for Redshanks. The loss of the North-East Enclosure probably did not

result in a great reduction in the numbers using Seal Sands since by way of
campensation other portions of South Area provided excepticnally good feeding.
When this situation changed, the mildness and wetness of the winter enabled most
birds displaced to feed inland with the result that possibly numbers in the
general area of Seal Sands were no different from before reclamation.

During reclamation the number of Redshanks using North Area was typically
just over 100. Only when active reclamation provided attractive feeding in the

Greatham Creek section of the flats did numbers exceed this on a regular basis.
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Otherwise large numbers of Redshanks only visited North Area occasionally. On
balance, it seems that many Redshanks preferred to feed on flooded fields when
they were able to do so. In autum 1974, after an initial peak in numbers - a
peak 50% lower than that in autum 1973 — numbers fell quickly to around 170,

a level of population which was broadly maintained throughout the 1974/75 winter
(Evans pers. comm.), a small decline only occurring in mid-winter.

It is clear that, although the number of Redshanks using North Area in
au_turm 1974 was generally greater than during reclamation, the overall use of
‘Seal Sands was much reduced campared with the level of use before reclamation.
During reclamation, the special attractiveness of feeding in the enclosures
{(which was tte direcg cesult of the peculias reclumation technique), comoined
with the evailability of particularly extensive field feeding, enabled numbers
to be retained at pre-reclamation levels.

Dunlins.

High water counts before reclamation suggest that the numbers of this
species at Teesmouth remained at stable levels over the mid-winter period, with
rrobably 16,000 - 18,000 birds using Seal Swils (Pienkowski, 1973). The -in’tial
settlement of birds in autum 1973 was substantially less than this and by
Novermber (when, on the basis of HW counts, fairly stable levels would be
expected to have been established) the population was almost 50% lower, between
8,000 - 9,000 birds. This reduction occurred despite the fact that preferred
low water feeding areas before reclamation, namely the Narth Area and West
Enclosure, remained intact. The reduction, therefore, must be attributed to
the loss of the North-East Enclosure where, before reclamation, Dunlins had
fed while the North Area was covered, since much of its area was at a high tidal
level (Pienkowski, 1973).

The loss of the West Enclosure for feeding by this species occurred at the

end of October but the 3,000 or so birds which had fed there were accommodated
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on North Area with no departures fram the eétuary. In January 1974, however,
there was a decrease of around 4,000 birds, amounting to almost half the
overwintering population. There is no evidence from HW counts of similar
declines at this date before reclamation, and it'seems likely that it resulted
from adverse weather conditions at the beginning of January when, for a period
of several days, temperatures remained -at or below zero- centigrade. When mild
conditions returned these birds did not re-appear. Presumably, they had
migrated sway from Teesmouth. Only a slight increase in numbers occurred in
April 1974 and this was probably connected with northward migration through
-the estuary which normally occurred at this time.

In avtuwa 1974, althougu bunlins initiaqily settled uo numeers similar to
those in early autumn 1973, this level declined steadily, stabilizing by mid-
wing:gr at the same level achieved after the cold spell in spring 1974. Between '
Pecember i974 and March 1975, there was only a further slight decline. This
confirms that overall reclamation has resulted in a reduction of between 12,000 -~
14,000. in the numbers of overwintering Dunlins. When considering the changes
in numbers of Dunlins, it must be pointed out that the construction of the
East/West reclamation wall sppeared to be particularly beneficial to this
species, owing to the additional feeding time which was created by the delay
the wall caused to the tidal cycle in the enclosed South Area. Before the
wall's construction, the Birds of Estuaries Enquiry counts show that only around
6,000 ~ 7,000 Dunlins -overwintered at Teesmouth and perhaps this level, rather
than the inflated populations immediately before the infilling of South Area,

should be considered as the baseline for assessing subsequent changes in numbers.



309

THE UNDERLYING REASONS FOR THE REDUCTIONS IN OVERWINTERING POPULATIONS OF

SHOREBIRDS AT TEESMOUTH.

The reclamation of Seal Sands had two important effects:
(1) There was a reduction in the time available for feeding on intertidal
land.

(2) There was a reduction in the area of intertidal flats available for

feeding.

Using the data I collected in the course of this study, it is possible to
examine the relative importance of these factors in determining the overall

nurerical chenges in overwintering populations.

Req:ardind- the change in the time available for feeding by shorebirds.

In 1970, the construction of the East/West reclamation wall divided Seal
Sands and retarded the flow of water into tﬁe enclosed South Area, such that
there was a two-hour delay in the attainment of high water and a decrease in the
anplitude of the tide in this section (see §.141) - This situation existed until
spring 1974 when South Area was finally infilled, although the area subject to
this delay decreased progressively fram spring 1973 when infilling began. The
result of these phenamena was that between 1970 - 1974 at least same portions of
Seal Sands were available for feeding throughout the tidal cycle, that is, the
potential feeding time was 24 hours per day. The benefit which this aspect of
enclosure had for shorebirds and the effect it might have had on shorebird
numbers has been considered earlier (see p. 144). The exposure time of North
Area is 16 hours per day, thus the restriction of feeding to North Area after
reclamation meant that potential feeding time there amounted to anly 67% of
each tidal cycle.

Since the monthly PFT's which I calculated while the West Enclosure was
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available for feeding (e.g. in October 1973) are closely similar to those
determined by Pienkowski (1973) before reclamation, for purposes of simplifying
discussion those of Pienkowski are not referred to further, and instead my
early autum 1973 values are used as baseline data for assessing subsequent
change. They show how long birds fed for when feeding on Seal Sands was
possible at all times. From the diagrams of PFT in October 1973, it is possible
to identify those species for which the feeding time available on North Area
after reciamation might have been a factor limiting the overwintering numbers
and for which some campensating adaptation would be necessary. Thus, it is

evident fram data presented in Tables 4 and 5 that for two species - Dunlins

; and Redshards - the daylight exposure tire oFf Nortl Area 'mis simply insuiZicient

to allow rost individuals to collect enough food since the PET exceeded 67% -
the exposure period of North Area. On the basis of daytime PFT's in the early
part of the 1973/74 winter, it might have been predicted that both Godwits and
Grey Plovers would also face a shortage of feeding timre on Seal Sands when
North Arez alone remained, since for these species the PFT was close to the
upper limit of 67% and in mid-winter exceeded it. Only for two species,
Stelducks and Carlews - th2 largesl shorebird: at Teesmouth - were PFT's
substantially below 67% and f_or these it would, therefore, be expected that
the exposure time of North Area would be enough for almost all individuals to
collect sufficient food, assuming that no other factors operated to modify the
required feeding time.

In fact, it was evident fram my calculations of PFT that no species could,
in fact, utilize North Area for its full exposure time of 8 hours. As a result,
prediction based upon camparison of PFT's before reclamation with the 67%
exposure time of North Area underestimated the vulnerability of each species to
reduced feeding time. Dunlins fed on North Area for the greatest proportion of
the time available a maximum of 90% of the 8 hours' exposure being recorded.

Grey Plovers, Godwits and Redshanks seemed capable of exploiting North Area for
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around 6% hours in each tidal cycle, around 80% of the potential feeding time.
This upper limit of exploitation of 6% hours appeared to be related to the
tidal level at which feeding sites were situated and there seemed to be iittle
scope for those speciéé to increase their feeding time by feeding longer when
the tide was either just covering or uncovering the flats (i.e. HW+1-2 and
HW+10-12). It was particula;ly conspicuous in Grey Plovers and Godwits that
the PFT or. North Area was increased only by feeding for longer periods over low
water.

Althcugh it seems certain that for Shelducks and Curlews also the exploit—
able pericd of North Area's exposure was less than that potentially available,
thera iz nno aridance to suorost that they too were feeding there for s lmmy as
they could.

PFT in all species increased as wean daily air temperatures decreased and
in all species this was accawpanied by feeding for longer pericds on North
Area, and for Dunlins, Grey Plovers and Godwits a maximumm PFT on intertidal
areas was recorded over the mid-winter period. Whether the same was true for
Redshanks is uncertain since (in addition to deficiencies in my data for this
species), like Curlews, this spocies appears well adapted to feeding on wet.
field areas. Indeed, the use of field areas might have been a more profitable
strategy, in terms of achieving an optimum net energy intake per unit time,
than attempting to exploit North Area to any greater extent. However, since
Redshanks fed on North Area for similar lengths of time as other medium-sized
waders (é.g. Grey Plovers and Godwits), that is 6% hours, it seems reasonable
to suppose that this species also was feeding for as long on North Area as it
could in mid-winter. In summary, therefore, I consider that Grey Plovers,
Godwits, Redshanks and Dunlins did feed on North Area for as long as they could
in daylight only in the mid-winter periocd, when mean daily temperatures were
lowest and when day-length was shortest.

For those species for which feeding time on intertidal areas was likely to
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be limiting after reclamation was completed, three possible means of adaptation

may be examined using data I collected:

(@) To feed on fields and pools during the high water pericd.
(b) To feed more extensively on intertidal areas at night.
(c) To modify their feeding behaviour so as to increase their feeding rate

and thereby campensate for any shortage in feeding time.

These possible adaptations are considered in more detail in the following

sub-sectiaons.

(a) Field-feeding over the high water period.

. While exclusively field-feeding groups of both Curlews and Redshanks
exist‘ed in the Teesmouth area probably before (Pienkowski, 1973) and certainly
during reciamation, it seems that under most conditions individuals of both
species which fed on Seal Sands before and during reclamation obtained the
majority of their food requirements fram intertidal feeding, with only
occasional use of the fields & high water.

After reclamation, however, my data suggest that for Redshanks, although
feeding for almost as long as they could on North Area, a large proportion of
the population spent an additional period feeding in the fields at high water
to satisfy their food requirements even in early autum. For Redshanks, feeding
at high water constituted the greatest proportion of the PFT of any species at
Teesmouth.

For Curlews on the other hand, although field-feeding became a regular
camponent of the feeding activity of individuals using North Area at low water
after reclamation, the proportion this contributed to the PFT was small.
Furthermore, their pattern of use of North Area suggested that the flats were

not fully exploited and that the use of fields was undertaken because it was
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more profitable, but perhaps only marginally so, than feeding on North Area
for longer. For Godwits the field areas, and more specifically the brackish,
cut—-off channel of Greatham Creek within the Brinefields, came to be used.
regularly after reclamation in autum 1974 at a t:ime when it seemed that the
feeding time on North Area was almost fully expldited, The proportion of the
PFT spent feeding there was, however, small and it seems probable that this
creek enakled individuals to top up their reserves. Bearing in mind that the
PFT's reccrded before and during reclamation were only slightly higher than
the exploitable portion of the exposure period of North Area, then for this
species only slight adaptations to the reduced feeding time were necessary.
Similarly, the feeding time needed by Grev. Plovers, as jadi<d by cheervaticn
before and during reclamation, was vary close to the feeding time possible on
North Area, and again perhaps only slight compensation might have been
necessary to offset any shortage of feeding time. Since only occasional
individuals were seen to feed on field areas. (like Godwits, Grey Plovers used
the cut—off channel of Greatham Creek) over high water and on the mudflats at
higher ticdal levels within Greatham Creek itself, it must be assumed that either
the use of field areas was unnecessary or that. it was simply not sufficiently
profitable campared with other means of adaptation. The use by Grey Plovers
of these alternative feeding sites when North Area was covered by the tide did
suggest that, as for Godwits, their use was by individuals topping up their
food reserves. |

Before and during reclamation, Dunlins had regularly spent a small pro-
portion of their PFT feeding on the field and pool areas over high water. As
reclamation progressed, an increasing proportion of the population fed at high
water, such that in autum 1974 a quarter of the PFT was spent on field énd
pool areas. This species then, along with Redshanks, made most use of the
extra feeding time which the field areas provided. However, unlike Redshanks,

the areas which they were able to use over high water were more confined,
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usually comprising shallow flashes of water, and the conditions under which
they were able to make use of these (e.g. when water was freezing) were possibly
more limited.

Although occasional groups of Shelducks resorted to freshwater and brackish
pools within the area covered by the 'standard walk', the contribution of this
level of use to the PFT is insignificant. This is perhaps not surprising
bearing in mind the fact that only half the available feeding time on North

Area was being used.

(b) Feeding at night on intertidal areas.

Althocuya, before reciuwsation of Soutt, 2rea, Pienkowdld (1%73) obsozved
individuals of each species to feed at night on several occasions, quantifying -
this use was impossible. However, it seems probable that during reclamation
many species fed far more extensively than they had done previously and at that
time it sppeared that this greater use of the flats at night was to be one of
the major adaptations to the reclamation of South Area. However, this use in
fact coincided with a period when the enclosures were still available, and
seemingly prov.ding very attractive feeding for some spec.€s. Furthermore, in
spring 1974, when only the North Area was available and when night feeding might
have been expected to continue at a high level,in fact it diminished and in
autum 1974 remained at low levels, involving only a small proportion of the
population of most species - the exceptions to this being Shelducks and Grey
Plovers.

It is usual to regard feeding at night as being less profitable than
feeding in daylight (Goss-Custard et al.,1977b ; Evans, 1976). The basis
for this assumption is that most waders usually use visual cues for at least
part of their foraging. Prey must, therefore, be more difficult to detect at
night, notwithstanding the possibility that changes in the behaviour of the

prey may increase their availability, e.g. if they emerge fram burrows on to
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the surface. This is given support by research elsewhere (Heppleston, 1971).
In the case of Redsh;nks feeding at night (Goss—-Custard, 1969 and 1970. )}, a
tactile (swishing) rather than a visual feeding technique (pecking and probing)
was found to predominate. With respect to this ‘species at Teesmouth, swishing
was used almost exclusively at night and in fact Redshanks fed at night only
when this method of feeding (being confined to areas of liquid mud) could be
used, that is, during active reclamation. The only other species which I
studied which fed primarily by the use of tactile means was the Shelduck and
this was one species which fed extensively at night both during and after

reclamation.

However, Nereis Ffeeders also fed in iarge numoers at night in autwum 1973
and fram their behaviour it was evident that visual cues were used. The data I
collected on Curlews showed that searching rates were rather slower than during '
the day and, therefore, perhaps not as pro.f_itable although in fact tﬁe few
records I obtained of success rates at night were no different from those
collected during the day. For Grey Plovers, however, feeding rates at night in
spring 1974 and autum 1974 (but not in autumn 1973) were lower than feeding
rates in daylight, which agaia hinted at lower profitability.

Unfortunately, my data are not sufficient to indicate why feeding at night
occurred to such a great extent in autum/winter 1973, nor why it should have
been generally low in autum 1974. Some possibilities, however, are considered
below.

For Redshanks it seems probable that the cessation of active reclamation,
which resulted in areas of liquid mud ceasing to be attractive for feeding by
swishing, might explain their diminished use of North Area for feeding at night.
Similar explanations for reduced night feeding are not available for species
such as Curlews, Godwits and Dunlins. One factor which might be involved is
the level of illumination. At Teesmouth, adjacent contruction lighting and

industrial flares provided a very high intensity of light over some parts of
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the flats and, although I did not appreciate or record any change in light
intensity, perhaps sufficient light to feed was available only in autum 1973.

A further possib;lity, again one which is difficult to explore since my
" data are insufficient, is that those feeding sites exploited by day and at
night by large numbers of birds in autum 1973 (and these might have been the
well-illuminated sites, particularly suitable for feeding at night) might have
suffered, as a result of heavy predation, a reduction in prey density to levels
which made further use unprofitable. If feeding elsewhere on the flats at
night was less attractive, then perhaps individuals might have ceased to feed,
preferring to adapt in other ways. Other portions of North Area might have
‘been less actractive because of the prey sﬁecies involved, the nature of the
sediment or perhaps other areas were not as well illuminated. Since the
central part of North Area held a large roost of gulls, this might have been
an important factor limiting night feeding by some species. On occasions,
even Curlews were seen to be attacked by gulls at night and for Dunlins, whose
| preferrec feeding site in daylight, i.e. the tide edge, was occupied by gulls
at night, this might have been an important deterrent to night feeding. The
diminished use by Curlews of the Greenhabella Bank might' be evidence of such a
change since this formerly popular feeding area, subject to regular use by
up to 70 individuals by day and by night in autum 1973, was used by only a
handful of birds during the day in spring 1974. Their alternative daytime
feeding site, namely the Central Bank, was frequently occupied by gulls.

Only two species, Shelducks and Grey Plovers, fed at night in similar
areas and in similar numbers as during the day in both winters of my study.
Regarding Shelducks, it has already been noted that feeding by tactile means
on prey which are below the mud and/or water surface is least likely to be
affected by darkness, and it is perhaps not surprising, therefore, that pacing
rates at night are identical with daytime values. Since their feeding areas

did not coincide with the sections containing the qull roost, interference was
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unlikely, while their own size and the small size of prey they took would
reduce the likelihcod of actual attack by qulls. The extent of night feeding
is perhaps reflected in the low daylight PFT determined for this species. For
Grey Plovers, the situation is rather different .since for this species visual
cues are essential for prey capture and as a result my results show that intake
rates at night were lower than in daylight. That Grey Plovers did feed exten-
sively at night after reclamation while other wader species did not, although
they were capable of doing so, must depend on the balance in profitability

between right feeding and other means of adaptation.

(c) Change: in foraging Hrraviour.:

Despite the fact that I obtained considerable data relating to the feeding
behaviour of each species during the course of my study, this information pro- -
vides very little insight into the manner in which reclamation affected shore-
birds. With regard to the topic being discussed in this section, for example,
"it was pcssible that, for those species likely to suffer a shortage of feeding
time when only North Area was available, individuals might attempt to search
for and capcure prey at a faster rate or perhaps select d_fturent sizes or
different species of prey which, by enabling higher intake rates, might compen-
sate for the reduced feeding time.

In fact, for most species the rates of searching and prey capture remained
remarkably constant during my stuay and were broadly similar to the values
determined before reclamation by Pienkowski (1973). Same variations in these
parameters did occur, however, during the course of my study. For example,

I established that in Shelducks pacing rate (a measure representing a combina-
tion of searching and feeding rate) decreased in relation to the time after

high water, while in Redshanks and Dunlins pacing rate increased significantly
as mean daily temperatures declined. Variation of searching rate and feeding

rate was also found to occur in these and other wader species in relation to
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the particular portion of North Area where feeding occurred, perhaps because of
differences in substrate, (thereby affecting physical mobility) or differences
in the sizes of prey which were available, although many other factors may be
involved (Evans, 1976). For example, I attributed the finding that Curlews
tended to take larger numbers of smaller Nereis and search for them at a faster
rate in autumn 1974 than in the previous autum to a change in their feeding
site on the Central Bank rather than on Greenabella Bank. Godwits also took

larger n=bers of smaller Nereis in autum 1974 than in autum 1973, but for

this species all records were obtained from one site, the Eastern Channel.
There are two possible explanations for this. Firstly, larger Nereis might not
have beer. a-uiiable in autuwrn 1971 and God.ios, by taking larger numbers of
smaller worms, might simply have been maintaining their rate of food intake at
leyvels similar to those before and during reclamation. Alternatively, smaller
Nereis might have been positively selected by individuals if this strategy
provided = rmeans of increasing their rate of food intake, and compensating for
the shorter feeding time available after reclamation. Unfortunately, I do not
have the necessary data to calculate accurately the intake rates of Godwits
in terms of picmass and only by doing so could this questicn be resolvad.
Before reclamation, Grey Plovers had fed almost exclusively on large
Nereis (Pienkowski, 1973) but during reclamation and increasingly in autum
1974 some individuals fed almost exclusively on smaller prey which were
captured at very high rates. Again, this might represent a change in behaviour
enabling higher energy intake rates to be obtained while North Area was
available, although, as for Godwits, this cannot be resolved without calculating
actual bicmass intake. Contrary to this possibility, however, is the finding
that when Redshanks change the size of prey they select, their ingestion rate
is reduced (Goss-Custard, 1977 ). Nonetheless, that this was a novel feeding

method at Teesmouth suggests strongly a link with the reclamation story.
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Reqarding the change in area available for feeding.

The reduction in feeding area inevitably resulted in a massive reduction
in the total focd resources available to overwintering birds. Calculations
presented by Evans et al. (1979) show clearly that the standing crop, for
exanple of Nereis,of the size ranges cammonly taken by Curlews, Godwits and
Grey Plovers would not have supported the bird populations which had used Seal
Sands before reclamation while populations of Hydrobia also would have been
insufficient to supply the requirements of Shelducks, Dunlins and Redshanks.
(This prev is an important food for these species elsewhere in Britain). Only
the standing crop of small annelids, especially oligochaetes, could have
satisfied ile requiraeents of Sheiducks ana Iuniins and at Teesmouth, even
before reclamation, it was found that these rather than Hydrobia were the
most important component of their food (Evans et al., 1979).

At the beginning of my study, two possibilities were envisaged as arising
fram this potential shortage of food for the shorebirds which would normally
overwinter at Teesmouth.

(1) That similar numbers of birds to those that had occurred in previous
winters would initially settle on Seal Sands but, as increased predation
reduced the density of available prey, individuals would have difficulty
in satisfying their daily food requirements and would die or be forced to
emigrate.

(2) That the settlement of birds in autum might be adjusted to the changed
area available for feeding.

Arising fram the first process, there would probably be a progressive
decline in the numbers of each species as birds emigrated and this would be
detected by monthly counts. However, a more rapid fall in numbers might occur
if the density of available prey dropped rapidly below a threshold, e.g. under
severe weather conditions. In situations where the density of available prey

is reduced, birds might attempt to increase the time they spent feeding, and
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it was anticipated that this would be apparent in the increase of PFT's after
reclamation, involving, of necessity for some species, the more extensive use
of feeding areas at high water. The foraging behaviour of birds might also
have changed in these circumstances, individuals failing to collect preferred
foods at their usual rates of intake and being forced to modify (if this were
possible) their preferences for prey types and sizes. Linked to this, it was
thought that birds might move fram their preferred feeding sites as these
suffered Zepletion of prey.

Althcugh it was not envisaged that birds would ignore the fact.that Seal
Sands was so greatly reduced in size when they returned in autumn 1973 (the
Norih-Fast Froiosuce having een ceclainmed in spring), I was considevel [lkely
that a lerge proportion of the birds which traditionally overwintered there
onlld attampt to do so again. As a result, features associated with a heavier
'tha1\1 usual depletion of the food resources would be exhibited as the first
winter of my study progressed, and this would be exaggerated by the on-going
reclamation and reduction in feeding area occurring in the course of the
1973/74 winter.

In fact, it became apyp rert by the middie of the first winter that mcsit
birds had reacted to reclamaticn in accordance with the less likely possibility,
that is, they had adjusted their use of intertidal areas to levels which mlght
approximately be supported throughout that winter with little or no further
change. At no time was there a progressive decline in shorebird numbers
(see p. 180) and rapid changes occurred in only two species, Dunlins and Godwits,
and in each éase these were related to reclamation during the course of the
1973/74 winter and for which prediction in autumn would not have been possible.
The possibility that waders might be capable of assessing the food resources of
an estuary is supported by research elsewhere (Goss-Custard, 1977b) . |

In accordance with the finding that each species, if it needed to adjust

its numbers, had done so by reductions in the numbers from autumn, was that
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PFT's did not appear to increase progressively during the 1973/74 winter, but
followed a pattern of change broadly related to temperature. Additionally,

the use of high water feeding areas developed only to an extent sufficient to
maintain the PFT and to increase it during the p}id-winter pericd. Within
North Area, although the feeding areas of same species changed during and after
reclamation, and in same cases clearly closely related to the state of reclama-
tion, for example, the use of areas of liquid mud by Redshanks, the preferred
feeding zreas identified by Pienkowski (1973) before reclamation and occupied
as preferred sites again in early autum 1973 remained the principal feeding
sites for the respective populations after reclamation was complete. The
diminish’ g vs2 of Greenziella Bank by QuTlews {previously in spring 1973 it .
had not been used), the increased tendency of Grey Plovers to disperse quickly
oxier the Central Bank and the increased tenacity of Dunlins to feeding on the
tic”ie edge, as the 1973/74 winter progressed, probably do reflect changes in

the density of available prey, but these were probably part of a normal pattern
of changing feeding strategy in those species in all winters. Certainly, there

was no gross change in the feeding areas exploited by each species, no dramatic

- changes which might suggest extensive and heavy depleticn of their focd.

In discussing the possible effects of reduced feeding time on the foraging
behaviour of shorebirds, it has been noted that throughout both winters indivi-
duals appeared to search for and capture prey at approximately similar rates
during and after reclamation as they had done before. The finding that Godwits
took warms of smaller size after reclamation than they had before reclamation,
and that Grey Plovers also took larger numbers of small prey in preference to

fewer larger worms seems to suggest, however, a reduced density of the larger
Nereis which would normally provide the bulk of their diet (Pienkowski, 1973).

Since a diminished density of larger Nereis might arise naturally and be

part of their normal year-to-year variation in breeding success, it is not

possible to state definitely that the response of these species was related to
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the reclamation story, but this must remain a possibility. It is evident,
however, that no individual hardship appeared to arise from the change of diet;
in each case the smaller prey were taken in numbers which must have campensated
in terms of biamass for the absence of the larger prey fram the diet and, in
fact, might have been a means by which individuals increased their intake rates.

In Table 25 an attempt is made to relate the use of Seal Sands by each
species cduring its reclamation to the area available at different stages of the
programre. The values shown represent the broad mid-winter population levels
using Sesl Sands and, notwithstanding the many qualifications which may be made
with respect to these‘data, same interesting relationships emerge. Shelducks
Jhave not been included hewe since for this. species no change in overw'ntewring
numbers occurred. It might be nocted, however, that for this species the North
Area was always the most important feeding site at Teesmouth, and therefore
their principal feeding area was unaffected by reclamation.

Fram Takle 25 it seems that the use of Seal Sands by Grey Plovers, Curlews
and Redshanks during the mid-winter period is related to the area of intertidal
flats available for feeding and population changes have occurred in accordance
with reclamation of the flats. . Thus, the nurber of birds/acre in early spring
1973, when all of Socuth Area was available, is maintained after reclamation
when only North Area remained. That a relationship exists between the area of
the flats and the numbers of birds supported by them is borme out by the
observation made in earlier discussion (p.299), that the numbers using North
Area t=fore and after reclamation were similar .. This is so even
for Godwits which seem to have fallen in numbers more than would be expected
with respect to the total area available for feeding, that is, the number of
birds/acre has diminished since reclamation. Thus, before reclamation
around 100 Godwits fed regularly on North Area (Pienkowski, 1973) and this is
similar to the numbers overwintering after reclamation.

The case of Godwits clearly indicates that the numbers of birds using



TABLE 25.

Grey Plcvers

Curlews

Godwits

Redshanks

Dunlins

Area available

in acres (ha.)
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THE REIATTONSHTP BETWEEN AVAILABLE FEEDING

AREAS AND OVERWINTERING NUMBERS OF WADER SPECIES,

1972/73 1973/74 1974/75

Numbers Nos. of birds/  Numbers Numbers Nos. of birds/

of birds = acre of birds of birds = acre
200 = 0.20 100 80 = 0.23
240 = 0.26 100 100 = 0.28
600 = 0.99 220 75 = 0.21
300 = 0.35 270 149 = 0.38

16,000 = 17.7 4,390 4,000 = 11.4
900 (360) over 350 (140) 350 (140)
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North Area is not a simple function of the area available, and it is expected
on the basis of evidence fram elsewhere in Britain ( Goss—mstard

et al., 1977c) that the density of available food is the ultimate factor
determining its use by each species. Thus, for Godwits it must be assumed
that South Area provided the preferred feeding ground of this species before
reclamation and, of course, this is borne out by Pienkowski's observations of
feeding distribution. For those species in which there is apparently a direct
relationship between numbers and area, it is probable that the abundance and
availability of prey was similar in both the South and North Areas.

For Dunlins, there seems to have been a rather greater reduction in
numbers tha. vould ke expected ¢ the basis of the reduied area alone, cus
occurring despite the fact that North Area was the preferred low water feeding
area before reclamation. This is also swprising since, as for Shelducks, it
has been calculated that North Area held sufficient food resources to sustain
the original Seal Sands population. |

Relating numbers to feeding areas as presented in Table 25 is not satis~
factory for the 1973/74 winter using a single figure as given for the other
winters and thus none is g.oven. The changes in availablé Ieeding area, for
example, the progressive loss of West Enclosure during the course of that
winter really requires separation on a monthly basis. This would require the
actual area available to be estimated in retrospect and for each species this
would be different, since for séme species reclamation provided very attractive
feeding, for example for Redshanks and Godwits, but for Curlews and Dunlins
it provided suitable feeding for only a short period. In fact, the use of
the enclosures during reclamation illustrates well the irrelevance of area

per se and the importance of abundance and availability of prey.
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SUMMARY OF CONCLUSIONS.

Fran the foregoing discussion, it appears that, of the six species which
I studied at Teesmouth, only Shelducks were unaffected by the reduction in
feeding area and potential feeding time which accampanied the partial reclama-
tion of the South Area of Seal Sands. Sufficient food was available on North
Area to support the usual overwintering numbers of this species and, addition-
ally, it seems probable that the ability of Shelducks to feed efficiently at
night as well as by day means that individuals required no additional feeding
time away fram the estuary. Shelducks feed only for a little over half the
tire availakle for feeding in each tide’ o, cle., . -

All five wader species I studied did, however, show reductions in the
nur\nbers _w"nich overwintered on Seal Sands, as judged by their use of the
int;artidél flats there during the mid-winter pericd. For all species, higher
numbers were supported by the estuary in aﬁtumn and spring each year, and for
Curlews znd Redshanks it seems pfobable that the birds displaced fram Seal
Sands, dus to its partial reclamaticn, remained in the Teesmouth area but fed,
for part of the year at least. almost exclusively on freshwater marshes wnd-
wet pasture in the vicinity of the estuary.

For one species, Curlews, the pattern of use of North Area suggests that
the time available to feed there was quite adequate for individuals to collect
sufficient food, although, despite this, small numbers did in fact feed at
high water on the adjacent fields. It seems probable that this use of field
areas was by individuals topping up their food reserves. Most of the Curlews
‘that fed on North Area at low water roosted at high water, although the exist-
ence of a field feeding flock of Curlews nearby suggested they were quite
capable of feeding on the fields if necessary. It may be concluded, therefore,
that the reduced feeding time after reclamation did not affect the numbers of

Curlews using North Area, but rather it was the reduced area and, therefore,
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the reduced abundance of food which determined the overwintering numbers.

For Godwits and Grey Plovers, the feeding time available on North Area
was not quite sufficient for individuals to satisfy their daily enerqgy
requirements during the daylight tidal cycle. Therefore, assuming that the
density of available food on North Area after reclamation remained similar
to that before reclamation - and there is no evidence to suggest any marked
decrease in food density occurred - then the adaptations to compensate for
the shoritzage in feeding time need only to have been relatively slight and
probably necessary only over mid-winter. In the case of Godwits, additional
feeding cn one section of the Brinefields appeared to provide the principal
meane 1y wnich feeding tim: was extended and this was ue.d regularly oy uwer
half the Seal Sands population in mid-winter months. Although feeding at night
by\Oodw1ts was conspicuous only in auturn 1973, Grey Plovers fed extensively
at ‘m'.ght- after reclamation, and it seems probable that, although the PFT at
night carnot be quantified, night feeding compensated for the reduction of
daylight fesding time. Only occasicnally did Grey Plovers feed over high water

on field areas, although several individuals fed when the main part of North

.Area was covered by the tid: in the higher tidal portions of Greatham Creck.

For neither Godwits nor Grey Plovers was there definite evidence that the rate
of food intake was increased so as to reduce the feeding time necessary to
collect their daily food requirements. Although both Godwits and Grey Plovers
captured prey at a faster rate after reclamation than they did before, the
prey taken were smaller and my data are not sufficient to determine whether
these changes enabled individuals to merely maintain their food intake rate or
to increase it. Notwithstanding this further possibility, it seems that the
adaptations previously referred to were sufficient to cdrpensate for the
deficiency in feeding time and it must be concluded that the very definite
reductions in the overwintering numbers of both species are attributable

directly to the reduction in available feeding area.
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For Redshanks and Dunlins, it seems that the feeding time available on
Seal Sands in daylight after the reclamation of South Area was most certainly
not sufficient to enable individuals to collect their daily food requirements.
Both species required considerably longer feeding times than the exposure of
North Area provided and both campensated for this by feeding for long periods
in the field areas over high water. This was so even in early autum when
weather conditions were mild and the density and availability of food might be
expectec to be at its highest. For neither species was there any indication
that thev were capable of, or attempted to, increase their rate of food intake.
Although both could increase their searching rate to same extent, it seemed
" likely thac tins enabled tie maintemance of an optimal rood intake rate rather
than an increased rate of food intake, although my data are not sufficient
to verify this opinion. In autum 1973, both species were seen to feed at
night and in sare situations it appeared t_o be as efficient as feeding by day
(e.g. Redshanks feeding in liquid mud), but in fact this adaptation to the
shortage of feeding time was not used extensively.

Redshanks appear particularly well adapted to using field areas for
feeding and, in a manner similar to Curlews, an exclusively field-feeding
flock existed in the Teesmouth area. Redshanks are capable of using a wide
variety of different feeding habitats, e.g. ditches and dykes as well as
saturated pasture and temporary pools, and can exploit such areas under
severe weather conditions. Thus, although those Redshanks which fed on Seal
Sands at low water after reclamation needed to spend considerable time feeding
in field areas, the area available to them was extensive and would probably be
unavailable  only rarely and temporarily. Thus, I would conclude that the
deficiency in feeding time was not an important determinant in reducing the
nu:ﬁbers of Redshanks using Seal Sands. As for Curlews, Godwits and Grey
Plovers, the food resources of North Area in terms of larger invertebrates,

such as Nereis, or other suitable prey such as Hydrobia, could not have
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supported the numbers of Redshanks which had previously used Seal Sands,
and it seems probable that the reduction in their numbers after reclamation
was related to the reduced feeding area and recuced food stocks.

In contrast to Redshanks, suitable feeding locations at high water for
Dunlins were more limited: they seemed confined to areas of very wet pasture
and surface water pools. Furthermore, Dunlins seemed not to be able to feed
in these locations under severe weather conditions. On the whole, therefore,
it seems they were less successful in exploiting field areas than Redsharnks,
and alsc were more vulnerable to the temporary loss of suitable feeding in the
fields. Wwhile the food resocurces of North Area were sufficient to support
the prev.ous populations of Munlias, ti2 sawers fell considerably and I
canclude that this resulted fram the loss of feeding time available on the
intertidal flats. The field areas could not supply feeding of sufficient
quality for a sufficient length of time to campensate for this loss as was
possible for Redshanks and to a lesser extent for Godwits.

A point of particular interest which emerges fram my study is that the
species of shorebirds which had to adapt in same way to reclamation, that is
by the adjustment of numbers and/or same aspect of feed:ijig'activity, did sc
_ with relative ease and without individual hardship. There was, for exanple,
no progressive loss of birds from Seal Sands as its area was reduced; nor,
with the exception of Dunlins in January 1974, was there a sudden emigration
or death of birds because of food shortages created by too many birds attempt-
ing to overwinter.

For two species, Grey Plovers and Godwits, the number settling on Seal
Sands in autumn were quickly adjusted to the carrying capacity of the feeding
area.é available (both intertidal and field areas) and in general this level of
population seems to have been maintained with relatively slight change
throughout each winter. This suggests that individuals are capable of

responding to, and of assessing the food reserves within, the available
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feeding area. Evidence from elsewhere (Zwarts, 1976 and 1979 (in press):;
Goss-Custard, 1976 and 1977b and Goss-Custard et al., 1977¢ )} suggests that
the nunber of shorebirds present in a particular feeding site is determined
by campetition between individuals and involves ’two counteracting forces.
Firstly, there is the tendency for birds to concentrate their feeding in areas
where the density of available and preferred prey are highest and, secondly,
the tendency for birds to move away from dense concentrations of birds since
in such situations feeding rates decline.

Similarly, at Seal Sands, it seems probable that the number of Grey
Plovers and Godwits present at any one time is the product of campetition
amonozt feeding bivds for the.mest profitable feeding sites. ard thet birds
space themselves out in a density which is related to the abundance an
ayailab_ility of food. As a result of this process, individuals unable to
obr;:ain éufficient food in feeding sites that they are capable of occupying
are forced to move elsewhere. That the nuinbers of these two species remain
stable throughout each winter, however, adds a further element to this
behavioural dispersion, namely that the dispersion of birds,which results in
. saw birds being fcrced to =migrate from the estuary, is such that the food
reserves in their feeding sites remain adequate to maintain the same numbers
of birds throughout the overwintering period.

At Seal Sands, it seems likely that the overwintering numbers were
maximal and it is for this reason I have used the term 'carrying capacity'.
Since the abundance of food is the basis for dispersion of birds, it is
reasonable to suppose that as a result of natural year-to-year variation _in
food abundance, so the carrying capacity would be expected to vary. It seems
likely that the notion of carrying capacity has greatest relevance during the
mid-winter period and that the competitive behaviour,which maintains it,must
break down in spring, thereby permitting the influx of migrants.

In the research quoted above, feeding dispersion resulting fram
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intraspecific campetition has attracted most attention, but Zwarts (1979)
also briefly examines interspecific campetition and considers the extent to
which this on-going process determines the segregation 'of feeding sites which
is conspicuous on many estuaries, Seal Sands included. That interspecific as
well as intraspecific competition operates in the process of determining
carrying capacity is supported by other work at Teesmouth (Evans, 1979) which
has show: that Dunlins may campete for feeding space with Shelducks and that
individual Redshanks are likely to be displaced fram a feeding site by Dunlin
flocks.

Without discussincj this wide topic in greater detail, it is of interest
+ that in Durlius also thers. scemed to be a -reasonably strady overwint-rirg
population after reciamation, suggesting again that sans upper limit of bird
density or carrying capacity existed. Since it has been concluded that the
.princ.ipal Eood resou-rce, that is, the area of feeding on North Area, was not
a limiting factor on the overwintering numbers of Dunlins, then the available
feeding on field areas must have been the principal determinant of carrying
capacity.

Bacause ny study atter Hsted to follow the fate of si.x species populations
at Teesmouth during the reclamation of Seal Sands, my conclusions are
inevitably dependent heavily on subjective interpretation of observations and
provide a rather simplistic assessment of the effects of reclamation on each
species and of their responses to the loss of their feeding area. The time
available for fieldwork was simply not sufficient for more detailed informa-
tion to be obtained, for example, of the type that might be gained from
observing a single species throughout a tidal cycle. I have no doubt also
that because I was looking at as wide a sample of birds as I could, thereby
accumlating information concerning the behaviour of the average bird of each
species, I overlooked much of interest with respect to the responses of

individuals to the changed circumstances for feeding. Since the selection of
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the birds which stayed at Teesmouth would have operated at the level of
individual competition, the study of individuals would perhaps have provided
a clearer insight into the processes by which the numbers of overwintering
waders are related to their feeding area. At the present time, a project
involving the individual colour-marking of Curlews, Grey Plovers and Godwits
is being undertaken at Seal Sands and hopefully this will contribute to

further *nowledge of this subject.
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SUMMARY,.,

This study considers separately two examples of the effect of changes in
land use or. animal populations. In the first case, the effects of a group of
agriculturzl fungicides on soll fauna are czamuned, while tue secund casec
considers the results of large scale loss of habitat on the numbers and feeding

ecology of estuarine birds in winter.

1. The eff=ct of organotin fungicides on soil Acarina.

Although the toxicity of organotin chemicals to a variety of invertebrates
from several diiferent phyla has been studied,” especially with regard tc tueir
potential for controlling insect pests, partiéularly those of cotton, the
insecticidal aspect of their biological activity has not been exploited in
Britain.

However, two organotin compounds, triphenyltin acetate and triphenyltin
hydroxide, are used extensively as fungicides for the control of potato blight
and yellow blight on sugar beet. Despite their wide use as agricultural
chemicals, little published information is available concerning their effect on
non-target organisms.

In my study, the effect of these organotins on soil Acarina was examined
through field experiments. The study area, located in County Durham, comprised

a recently established grassland which had previously been subject to arable
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cultivation. The mite fauna of the site was probably undergoing transition to
one typical of grassland but at the time of study it appeared closely similar to
that of an arable soil, since it contained a very high proportion of mites
belonging to the Order Prostigmata but very low densities of Cryptostigmata.

Most experimental plots camprised a 4 x 8 Latin Square design involving an
arrangement of one control plot and three different treatment plots, duplicated
eight times. The size of individual plots was related to the number of samples
it was anticipated would be taken: the largest plot measured 90 x 90 ams.
Samples corprised soil cores of 2.5 ams. in diameter and 3 ams. in depth. Mites
were extracted usiné a Macfadyen High Gradient apparatus. Collections were
~hantified o the level of family., but only 1 selection .+ ‘lise whirh dencnstra
ted changes in abundance during preliminary trials or occurred at high densities
were identified to species level. When field trials began, the Order Prostigmata
corsﬁitutea around 80% of the mites collected with a single species, Tarsonemus
floricolus, acoounting for the majority of these.

Five experimental series were undertaken involving seven different treat-
ments. For both triphenyltin acetate (TPTA) and triphenyltin hydroxide (TPTH),
these vz;lried t2 total amount of organotin administered and: tl« regime of
treatment, i.e. whether as one large dose or repeated small doses. Each of the
different treatments were undertaken in autumn/winter but two treatments of | TPTH
were repeated in spring/summer.

In the first trial undertaken, samples were taken at frequent intervals
immediately after treatment cammenced, but in the absence of significant short-
term changes sampling at monthly intervals was adopted. Sampling continued for
between 4 - 7 months after treatment.

Both TPTA and TPTH were found to reduce the total numbers of soil Acarina
occurring when the chemicals were applied in autum at levels of dosage recam-
mended by manufacturers. Not all soil mites were affected, however. For example,

the numbers of Eupodidae and Tydeidae did not vary, and it emerged that the net
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reduction in total mite densities occurred as a result of the decline in numbers
of relatively few, but often particularly abundant, species. For example, the
decline in numbers of the very abundant mite, Tarsonemus floricolus, was severe
and it was absent from same samples following treatment with the agricultural
recammended dosages. In the same treatments, numbers of Mesostigmata, largely
canprising predacious species, were reduced by more than 60%.

The response of mites to both TPTA and TPTH treatments was broadly similar
and it is suspected that hydrolysis of TPTA to form TPTH may occur rapidly in
the soil, with the result that treatments were in fact identical.

To bcth TPTA and TPTH, a dose-related response is evident in the post-
treatment £ail in nuimbers of T._ floricolus and of Mesoctigmata, and in die
increase in numbers of a collective group of several unidentified species of
Pro§tigrata (mainly Eupodidae and Tydeidae) designated 'Other' Prostigmata.

For example, whereas treatment with the recommended agricultural dose brought

about near extinction of T. floricolus in treated plots, after half this dosage
numbers, although much reduced, were in excess of 500/m?. While the full
recamended dose of both chemicals produced no effect on 'Other’® Prostigmata,
the increase iri numbers of this group following treatment with a lower dosage
suggests that a balance exists between the benefits of treatment to some species
within this group and the toxicity of the triphenyltins to the same or different
species of the group. Increases in numbers of soil fauna under low dosages of
more usually toxic chemicals have been found in other studies, and reasons why
this may occur are considered. A treatment of TPTA amounting to 1% times the
agriculturally recommended dosage resulted in a greater reduction in the numbers
of Mesostigmata than at lower levels of treatment.

'Iwé trials, one involving the full recammended dose of TPTH and the other
a treatment of half this quantity, were carried out in spring as well as in
autum, and camparison of results enabled the effect of the season of treatment

to be assessed. In general, it seemed that the response of mites to a given
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dosage in spring was similar to their response to half that dosage in autumn.
For example, T. floricolus suffered severe reduction after administration of the
full agricultural dose in autum, but was unaffected by similar treatment in
spring. The numbers of 'Other' Prostigmata increased after treatment with the
full dose in spring, whereas in asutumn their numbers remained unchanged. Data
were not available to determine why these differences occurred, although it is
noted that differences in environmental conditions might modify the effective
toxicity of the chemicals, although equally the sensitivity of the mites them-
selves mic—t vary.

The rscamended agricultural treatments with both TPTA and TPTH involve
admivistra=izn on four sepa:~te corasion: @t oetweenn 10-14 dayr intervals.
Administrezzion of the same quantity in the form of a single dose produced
res;zonses_si.milar to those of half this quantity when administered on two
occas.ions.- For example, there was an increase in the numbers of 'Other'
Prostigmatz which was not evident under the fmonral recommended treatment regime.

In none of the trial series was there any recovery in the numbers of
those spec:zes or groups adversely affectgd, the duration of the experiments being
clearly not sufficient. Ths ircrease in numbers of 'Cther' Prostigmata af er
treatment was, however, short-lived, being maintained for no more than three
months.

Whereas field trials demonstrate the existence of deleterious or beneficial
effects of triphenyltin chemicals, they do not provide information about the
mechanisms through which population changes occur. Laboratory trials were pro-
posed to examine the processes involved, but unfortunately time was not available
to pursue this work. In particular, it was hoped to resolve whether toxicity
was arising directly, that is, fram contact with or ingestion of the chemical
causing mortality, or indirectly, that is, by the fungicides' effect on the
quantity or quality of feeding for fungiferous species, for exanple,

T. floricolus, and thereby inducing emigration or starvation.
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A successful means of culturing the particularly susceptible species,

T. fl.oricolus, was devised, however. The small size of this mite required
modification of standard culturing techniques which have primarily been developed
for culturing larger Cryptostigmatid species, and a variety of culture systems
were critically examined for their suitability for use with small Prostigmatids
and their use in re-creating field trial experiments in the laboratory. A
micro-immersion filter system, camprising individual culture cells which could be
separately removed and examined, was considered most suitable for the study of
behavioura® characteristics and other detailed study, since they could be checked
rapidly anc¢ frequently and enabled easy manipulation of individual mites. A
cperspex tlock cyatem was concoldered more appropriate for culturing the lacye
numbers of mites required for laboratory experiments in which simple counts would
be necessary.

T. fléricolu_s_ was found to survive for periods in excess of one month in
these culture systems, when fed on a diet of .fungal hyphae which are part of the
pleurocbccus algal and fungal association.

The densities of mites in the control plots of each field trial, combined
with an additional series of camples, obtained between successive trials and
for a period of six months after the final trials were campleted, provide infor-
mation over a two-year period on the abundance and seascnal changes in abundance
of the major groups and of some species of soil mites in the study area at
Durham. (Information over such a long period and with such a high frequency of
sanpling is scarce in the literature).

During this period, mean densities of total Acarina approached 24,000/m2,
being higher than recorded in other studies of recent pasture, but less than
densities recorded in permanent pasture. The majority of mites belonged to the
'Order' Prostigmata which occurred at a mean density of around 20,000/m2. Very
low densities of Astigmata and Cryptostigmata were recorded but numbers of

Mesostigmata were comparable with records from studies of similar grassland
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habitats. Reasons for the differences fram and similarities to other studies
are discussed.

Maxima in the densities of total Ar:_:arina were recorded in November 1972,
May 1973 and June 1974 I.and arose fram the change in abundance of relatively few
species, all of which belonged to the Prostigmata. The November maxima resulted
fraom high abundance of T. floriocolus while the May/June maxima coincided with
high abundznce of species of Eupodidae (in the group 'Other' Prostigmata) and
species of the genus Pyagmephorus. In common with other studies, the numbers of
Mesostigméta showed little seascnal variation in abundance.

The progressive increase in Scutacarus (Variatipes) montanus and Pygmephous
« spp.. and ar iscreasing abundence and diversicy of the Orders Cuyprostigesta

coincided with a decrease in the abundance of T. floricolus during the study

perigd and it is suspected that the study area was undergoing transition from a
_previvlously ‘mown rye—grass sward to a longer vegetation containing a variety of
different crasses and herb species. |

The inzlications of the toxicity of triphenyltin fungicides is discussed,
with particular reference to the role of soil fauna in the processes involved
with soil develcoprent and maintaining soil fertility. However, it is ccariciuded
that these chemicals are unlikely to contribute significantly to the very great
changes in abundance of soil mites which occur as a result of other agricultural

practices.

2. The effects of reclamation on the numbers and feeding activity of

overwintering waders and Shelducks at Teesmouth.

Before 1972, Seal Sands represented the largest and most important over-
wintering feeding ground for waders and Shelducks within the Tees estuary, and

the concentrations of Shelducks there were of international importance.
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Reclamation of intertidal sand and mudflats within the Tees estuary began
Eirst for agricultural purposes and later for industrial development. The
progressive reclamations that had occurred up to the beginning of this study,
and involving a reduction in the area of Seal Sands from 2,430 ha. to 360 ha.,
are docunented, and available information about the concamitant changes in sedi-
ments and numbers of birds is discussed.

In 1972, a further major programme of reclamation was initiated which,
during the ocourse of this study, reduced the area of Seal Sands to 140 ha. by
sunmer 1974, This reclamation involved the sub-division of the tidal flats by
porous slac walls, leaving one section, the North Area, directly open to tidal
influence and another sectica, South Area, ‘completely enclused. South hrta was
further sut—divided by slag walls. The North Area alone remained after reclama-
tion\.‘_ The slag enclosing walls had the effect of retarding tidal influence
within Sou:c'h 2rea and enabled birds to feed for 12 hours in each tidal cycle.

On North Arsz, birds could feed for only 8 hours in each tidal cycle. Thus,
reclamatior not only reduced the area of feeding but reduced the available time
for feeding. It seems likely that, before the current phase of reclamation, the
cdonditians for feeding were niore favourable than they would rormally be an an
open mudflat of similar area and productivity.

The purpose of this part of my study was to identify the means by which
shorebirds using Seal Sands adapted to the post-reclamation situation, if in
fact they needed to or were capable of doing so, and to determine the relative
importance of loss in feeding area and loss in feeding time in determining the
overwintering population of shorebirds after reclamation was completed.

The North Area of Seal Sands camprises mainly muddy substrates which are
enriched by sewage effluent. Nereis diversicolor is the most abundant large
annelid prey, occurring at densities of around 250/m2. Macoma balthica is widely
distributed, but only in relatively few locations does it reach densities of

200/m2, while Bydrobia ulvae occurs at densities in the order of 10—15,000/m2.



Small oligochaetes and polychaetes constitute a higher biomass/unit area than
the macrofauna and occur at mean densities of 206,000/m2 and 30,000/m2
respectively.

The effect of reclamation was considered with respect to five shorebird
species: Shelduck (Tadorna tadorna), Grey Plover (Pluvialis squatarola), Curlew
(Numenius arquata), Bar-tailed Godwit (Limosa lapponhica), Redshank (Tringa
totanus) and Dunlin (Calidris alpina).

There were two main aspects to my work:

(1) Monitcring the tidal and seasonal changes in the numbers of birds and
areas LSEd

(2) Quantifying the means by which each species adapted its previous feeding
strategies in terms of (a) the duration of feeding in daylight, at night

~

and in different habitats, and (b) foraging behaviour and diet.

The nunbers of each shorebird species using Seal Sands were counted each
month. Caparisons of these date with population levels in previous winters
enable changes to be stated with reasonable confidence. For Curlew and Redshank,
numbers using Seal Sands were lowest in midwinter, many individuals moving to
feed on flooded fields in the vicinity at this time. For Godwits, Grey Plovers
and Dunlins, numbers declined after an early autumn peak to a steady population
level which was maintained until spring. The possibility that this 'stable’
level in numbers might represent a 'carrying capacity' is discussed. These
stable levels were established after the end of immigration, there being no
indication of a progressive fall in numbers in the course of each winter which
might arise from an imbalance between bird numbers and their food resources. All
counts are tabulated and shown graphically.

For most species the principal feeding areas on Seal Sands were segregated,

and only for Godwits and Grey Plovers did feeding areas overlap substantially.
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There were no major changes in preferred feeding locations after reclamation.

The proportion of each daylight tidal cycle for which individuals of each
species fed was determined by assessing the feeding intensities, that is the
proportion of the population feeding on Seal Sands at low water and on the fields
at high water. This value, the Percentage Feeding Time (PFT), represents the
time needed for an average member of the species to collect its food requirements.
Monthly PFT values are presented and changes are related to environmental
variables znd to the state of reclamation.

Since North Area has an exposure time of 8 hours (about 67% of the tidal
cycle), species which before reclamation had a PFT exceeding this necessarily
fed elsewhory Auring high water. for exanple,. in Tield arans, or adapted in
other ways after South Area was lost. Only Shelducks and Curlews had a PFT
below this upper limit of feeding time. Dunlins exploited North Area for the
Jongest period, wmost individuals feeding for 90% of its exposure time. For
other species, the time available on North Area for effective feeding was
considerably less than 67%. The importance of South Area in providing additional
feeding time during reclamation is discussed.

Although individuals of all species were seen to feed.on field areas after
reclamation, feeding there was particularly important for Redshanks and Dunlins,
while for Godwits one partially tidal creek was of special importance in provid-
ing additional feeding. Curlews appeared to use field areas for 'topping up'
their daily food requirements.

Night feeding was observed in all species and was particularly prevalent
during reclamation. Adaptations to night feeding, such as the use of tactile
cues to detect prey, and the use of different feeding methods, for example,
swishing by Redshanks, is discussed. The profitability of night feeding is
commented upon and records of feeding and searching rates at night are given.
After reclamation, Shelduck and Grey Plover were found to feed extensively at

night and its importance as an adaptation to the reduced feeding time is
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assessed, but other species, although capable of feeding at night, did not do so.

Extensive data were collected on searching and feeding rates of each species.
For those species taking visible prey, such as Nereis, the diet was determined
by direct observation. (For other species, the diet of birds at Teesmouth has
been determined by other researchers). It was anticipated that, if feeding time
was insufficient for individuals to collect enough food, or if food resources of
North Area became depleted, then feeding rates and searching rates might change
to compenszste for this and also there might be a change in food preferences or
the sizes of prey selected. All data are tabulated and are discussed in relation
to envircnmental variables, for example, temperature and the locations of feeding,
as wall as in relation to Lhe state of rocliunaticon,

Research by other workers indicated that North Area did not hold sufficient
food resources in terms of Nereis and Macoma to support the previous overwintering
populations. Only the stocks of small oligochaetes and polychaetes could sustain
the populetions of Shelducks and Dunlins, fo.r which these must have been the
major foods. The numbers of Hydreobia alone could not have done so, although
Hydrobia has been identified as the chief food of Shelducks in studies elsewhere
" in Britain.

All five wader species studied showed reductions in the numbers which
overwintered on Seal Sands after reclamation, as judged by their use of intertidal
flats during the midwinter period. Only . numbers of Shelducks seemed to have
remained unchanged as a result of reclamation. For Curlews and Redshanks, birds
displaced from Seal Sands seemed to remain in the vicinity, but fed exclusively
on field areas, though North Area supported high numbers in autumn and spring.

The post-reclamation populations of each species are related to the loss in
feeding areas. It is concluded that the reduction in numbers of Curlews, Godwits,

Grey Plovers and Redshanks is principally related to the reduced feeding area and
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reducing overwintering numbers.



