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ABSTRACT.

The study was divided into three main sections

deaiing with larval life, the adults and the eggs.

The growth rates of the larvae were investigated

by constructing graphs of mean body length, mean head

width and mean pronotum length against time; by construction

of histograms of size group frequencies for samples taken

on specific dates; and by the determining of the percentage

change indices.of the move up of larvae from one instar to
the next over specified periods of time.

These three methods of evaluating the growth
;étés of:the larvae were used to determine the degree of
retardation of growth in winter if indeed-retardation
occurred. They also-made possible comparison of growth
rates of larvae at high and low stations_oﬁ the river.

Studies on the adults were directed towards
investigating the effect of feeding or étarving on life
expectancy and towards the importance of feeding in
relation to maturation of the eggs in the sub-order
‘Filipalpia. Mature female larvae of both filipalpian
.spécies and setipalpian species were dissected together
'with adults to determine when maturation of the eggs was
completed. Mating behaviour was observed and flight
periods determined for the commonest species.

Dissections of mature female flies were carried
“out and egg counts were made with a view to establishing

some idea of the fecundity of the commonest species. The

eggs were measured and described, some were drawn and others

were photographed.
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INTRODUCTION.

The stoneflies are now considered to be a
separate order, the Plecoptera, though they were
originally classified as a mere family, (family
Perlidae) in the extensive order Neuroptera of
Linnaeus, which also included dragonflies and
mayflies. Stoneflies are considered to be primitive
in many reépects and retain many of the features of
the fossil Protoperlaria from the lower Permian.

The Order.is subdivided into two Sub-orders
mainly on the basis of the structure of the mouthparts.
On one hand there is the Sub-order Filipalpia with
the labrum less than twice as wide as long, mandibles
short and stout, and glossae as long as paraglossae.
On the ﬁther hand is the Sub-order Setipalpia with
the labrum more than twice as wide as long, mandibles
elongated and reduced glossae.

The British records list 34 species but of

these, four species namely Rhabdiopteryx anglica

Kimmins, Isoperla obscura Zetterstedt., Isogenus

nubecula Newman, and Chloroperla apicalis Newman,

have very restricted distributions or the records are

doubtful.

The eggs of certain stoneflies have been

described by Rousseau(1921), Samal (1923), Wu (1923),
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- Needham and Claassen (1925), Percival and Whitehead(1928),
Helson (1934), Kuhtreiber (1934), Miller (1939),

Hynes (1941), and Brinck (1949).

Plecopteran eggs may be broadly classified

into two groups based on their external morphology.

The eggs of the Setipalpia are variable in shape but
never round and they often possess an anchor plate or
basal plate. The eggs of the Filipalpia are round or
ovoid and lack an anchor plate. Another feature which
is different_in the two types of egg is the chorion
which in the Setipalpia is composed of two layers, an
outer exochorion which is hard and thick and an inner
endochorion which is thin and delicate. In the
Filipalpia the chorion is a single delicéfe membrane

except in Brachyptera risi Morton, where a thick

exochorion is found. Brinck (1949) also investigated
the occurrence and distribution of micropyles through
the chorions of the eggs of Setipalpia_énd the use té
which these openingé were put. Micropyles also exist
in the case of B. risi and must exist in all stonefly
eggs even if not yet observed.

The incubation periods of eggs of various
species of stoneflies have been investigated by
Percival and Whitehead (1928), Hynes (1941), Brinck

(1949). Also Miller (1939) fearing Pteronarcys

proteus Newman, found that low temperatures delayed
hatching by as much as 152 days. Apart from certain

setipalpian eggs, notably Dinocras cephalotes Curtis,
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with 97-112 dagis incubation (Hynes j1941), the
incubation required by those plecopteran eggs
investigated by the above workers was remarkébly
closely correlated with similar observations made by

Brinck (1949). In the case of Capnia nigra the eggs

Qevelop to a lafe stage within the body of the female
requiring about 21 days to dé so; the egg mass has no
,sticky_substance,'éach embryo being enclosed by a thin
membrane which the fully develpped larvae try-to
penetrate as soon as the eggs contact_thé water (Brinck,
%1949) .
| Brinck (1949) records that larvae of first and
second instars of most plecoptefan species are so remark-
. ably similar and of such a.generaliéed structure as to
make it extremely difficult to distinguish between genera
‘and species. Because of this uniformity of bodily
étrﬁcture Brinck(1949) refers to instars I and II of
length 0.5-1.5 mm as nymphulae. He further states that
these nymphulae often exist in a quiescgnt state at seasons
which are adverse as regards the later stages of the épecies.
The growth rates of_plecopteran larvae have been
investigated by.Brinck (1949), Hynes (1941), Svensson P.O.
(1966). Both Brinck (1949) and Svemsson P.O0. (1966)
commented on the retardation of larval growth'during the
wigter months in hiemal developing species but Hynes (1941)
found no sWich marked retardation of growth in British
material though he did report definite retardation in the

growth of larvae of Protonemura meyeri Pictet, investigated

by Frost working in Ireland on the River Liffey. Temperature
is generally regarded as being the most important environ-

mental factor influencing the growth rates of stonefly

larvae. Brinck (1949), for specimens from Swedish streams,
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states that B.risi is apparently an unstable species
as regards the hatching of the eggs or the beginning
of larval growtﬁ after the quiescent period of the
nymphulae. This was borne out by the fact that in
two essentially similar Swedish streams one.population
of B. risi was definitely composite, very small
larvae being taken at the same time as fully
developed larvae, while thé other- population was
very uniform indeed, all the specimens probably having
hatched at the same time.

With the exception of the Perlidae it seems
that all stonefly larvae complete their growth and
emerée in one year though some doubt does exist in the

case of Chloroperla tripunctata Scopoli, (Hynes ;'1941).

In Swedish material, Brinck (19499 recognised
five basic paterns of larval growth:-

1) Hiemal species with an obvious retardation
of the mean growtﬁ rate in the winter months and having
a late emergence.

2) Hiemal species growing during autumn and
early winter and emerging in late winter.

3) Hiemal species where mean gréwth is fairiy
steady being only slightly affected during the winter
months.

_ L) Species inhabiting springs where growth is
unaffected by seasonal changes.

5) Aestival species growing during the
warmest season of the year.

Emergence of adults of the Sub-order Filipalpia
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usually takes place very close to the waters edge but
in the Sub-order Setipalpia the full grown larvae of
certain species walk several yards from the waters
edge or ascend bridge supports or bushes for a few
feet before moulting to form the adult.

Mertens (1923), Schoenemund (1924), Kuhtreiber
(1934), all stated that no adult stoneflies fed and
that the mouthparts were degenerate. Frison (1935).
showed that feeding occurred in some members of the —

Sub-order Filipalpia. Newcomer (1918) stated that

in California.Taeniopterjx-pacifica Banks, did feed

as adults and.that they caused damage to fruit trees
by eating.buds. Hynes (1942) working with Nemoura
cinerea Retzius found that feeding was an important
part of the life history, being necessary for mating
and egg production. Also fed adults of N. cinerea
lived about eight times as long on average as unfed
adults, %he food being lichens and Protococcales.
Brinck (1949) also studied feeding of adult stoneflies
both in the laboratory and in the fieid and confirmed
Hynes' observations regarding the feeding of the adult
Filipalpia being necessary for egg development.

The females of the large Setiéalpia run over
the water surface when ovipositing thus spreading the
eggs as they become detached from the egg mass. Females
of the smaller Setipalpia often fly over the water
dipping the tip of the abdomen into the water releasing

the eggs as they go. Masses of mature eggs of

'filipalpian species disintegrate on coming into contact

with water and the eggs fly apart spreading widely.
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Hynes (1958) recognised five main types of
habitat:-

1) still watefs with emergent vegétation.

2) Stony Ehores of lakes; | '

3) -~ Emergent vegetation on banks of rivers
and streams. |

4)  Small streams‘wifh stony beds.

. 5)  Rivers with stony beds and moss on

larger stones.

Stoneflies show a tendency to select a
particular type of habitat by families rather than
as individual species. For example the Nemouridae
tend to favour still or slow flowing water where there

is much emergent vegetation (genera:- Nemoura, Nemurella).

Other Nemouridae while not particularly favouring still
or slow flowing water certainly do prefer -habitats
where there is either emergent vegetation, moss, or

decaying vegetable matter (genera:~ Protonemura,

Amphinemura). This latter group of Nemouridae is
often found in association with species of Taeniopterygidae

(Taeniopteryx nebulosa (Linn) Aubert 1950 and B.risi)

which also prefer situations where moss or emergent
vegetation exist. The Capniidae frequent stony lake
shores for preference while the Leuctridae generally
favour stony streams and rivers with fast flowing
water. The larger Perlidae and Perlodidae and the
Chloroperlidae also occur in stony streams and rivers
though larger rocky substrates are favoured by the
larger sﬁecies.

As can be appreciated from examination of the

N
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> wide variety of these habitats the oxygen concentration

of the water will also vary considerably.- Therefore

the preference for a particular habitat by particular

species is influenced not only by the amount of

vegetation or animal life present to serve as food

‘but also possibly indicates the level of oxygen

‘concentration tolerated by each species. Madsen

(1968) working on B. risi and Nemoura flexuosa

Aubert stated that a qualitative correlation exists

between the oxygen requirements of the two species

and the oxygen conditions in their respective

Rabitats;

B. risi favoured habitats where good

oxygen concentration prevailed and N. flexuosa

showed that it could exist in a much wider range

of habitats where the oxygen concentrations varied

from high to low.

Hynes (1941) discussed the influence of

altitude and temperature on the distribution of

certain species (viz. Diura bicaudata Linné and

'Perlodes microcephala Pictet)and came to the conclusion

that altitude itself was not a limiting factor but

that, according to the bodies of water under

examination, it could influence the water temperature

and hence permit or preclude stonefly species according

to their particular temperature thresholds. He

observed that D. bicaudata had only been found in

running water above 700' - 1000' but that it occurred

in lakes down to 100', the suggestion being that the

larger body of water would remain colder at low

_ altitude and thus allow D. bjcaudata to exist.

Hynes also noticed that P. microcephala was never

o
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found in association with D, bicaudata reaching

its upper altitudinal limit where D.bicaudata

reached its lower altitudinal limit i.e. Hynes ProPosed
a. Jower limit - temperature threshold for

P, microcephala. He further suggested that. all

other species not extending up to the sources of
streams at 2000' might also have lower limit
temperature. th reshold.

Variation in the sustrate may also account
for the presence or absence of certain species of
-stone-flies, some preferring stable substrata
others unstable, Hynes (1941) and Brinck (1949).

Hynes (1941) stated that species occuring
in streams subject to drying up were all species
where emergence of the adults occurred in spring
and were all species having a one year life cycle.
It éeemed therefore that either the eggs could tolerate
drought or that the wery young larvae could get down
into the gravel and so prevent themselves drying up.
Species having a two or three year cycle e.g. Perla
species and species emerging in late summer and autumn
i.e. the larvae of which are half grown during the
dry season, were unable to live in such places owing
to the fact that large larvae cannot escape desiccation
during drought. Brinck (1949) stated that drought
exterminated the larvae in unshaded situations but
that shade and subsoil water might alleviate these
conditions.

Brinck (1949) was unable to claim any correlation

between pH and distribution of stoneflies, most species
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being-fféquently found in water of pH varying between
' 6.0 and 8.0. He did comment on one exception to this

statement i.e. Capnia bifrons Newman, which always

occurred in waters with high calcium and pH between
7.5 and pH 8.7. The pH tolerance of N. cinerea
in Brinck's account was given as pH 4.5 - 9.0 an

exceptionally wide range indeed.

The gims of this study are to investigate
further:-

a) The occurrence of stonefly species in
the upper feaches of the River Wear.

b) the growth and development of the
larvae at different times of the year at differing
levels of the river.

c) the emergence of the adults and any
observable flight periods.

d) the maturation of the ovaries of certain
of the more common species, particularly in relation to
any food intake by adult females.

e) any other feature of adult life that may
have a bearing on the ability or otherwise of stone-

flies to produce mature eggs.




THE LARVAE.
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THE LARVAE.

SAMPLING AND LARVAL DISTRIBUTION.

I. Description of the Upper River Wear.

The particular stretch of the river (Wearhead
to Witton Park), concerned in this study is shown in
Fig. 1 which is derived‘ffom parts of sheets 84 and
85 of the ordnance survey;,;scale of 1" to 1 mile.

The river is formed by the junction of
Burnhope Burn and Killhope Burn immediately above
the bridge at Wearhéad. The altitude at this point
is 1,050 feet.

When the water level is normal the approximate
width of the river is 15'-20' at Wearhead; 20-25' at
Westgate; 30'-35' at Stanhope; 35' - 4O' at Wolsingham;
45'-50' at Witton Park. - The width of the complete
river bed at all stations is considerably wider than
these dimensions comprising stony stretches on each
side of the main water body which only become covered
during flood conditions. Also the river banks are
grassy and tree . lined at all stations, willow bushes
occur at all stations and these provide thé main resting
sites for the emerging adult stoneflies.

The bed of the river is composed of large
stones, mainly limestone and sandstone, set into large

pebbles and coarse gritty gravel and sand. Caught up

! J
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amongst the stones a varying amount of floéting debris,
especially twigs and dead leaves,is found. At Wearhead
this debris is always fairly fresh and not in any
advanced state of decomposition but at lower stations
esﬁecially at Witton Park where the rate of water flow
is less, well rotted material is encountered.

The total length of the river spanned by the

five main sampliné stations is 40 Km. (= 24+6 miles).
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II. The sampling programme and station sampled.

Originally five stations were chosen for
sampling the plecopteran larval populations living
in the water and also for sampling the adult Biecoptera
under thelstones and on the riverside vegetation.
The five stations (fig. 1.) were chosen to be as
nearly alike as possible.

They were:-
Wearhead Map ref. 857395 Altitude 1,050 feet
Westgate Map ref. 908381 Altitude 900 feet
StFnhope Map ref. 991393 Altitude 700 feet
Wolsingham Map ref. 075368 Altitude 500 feet
Witton Park Map ref. 171308 Altitude 300 feet

Sampling of the larvae was accomplished by
kicking up the stones and gravel of the river bed and
collecting the dislodged cloud of sand, stones and
animals and plant material in a net placed immediately
downstream. Each sampling effort was of thirty
seconds duration and at each station three such sample
units were taken to avoid the danger of getting the
wrong impression of the composition and abundance of
the various larval populations in the event of taking
an atypical sample. The net contents for each sampling
effort were then transferred to wide mouthed jars
and enough 5% formalin solution was added to kill
and preserve the animals'caught. These samples were
subsequently sorted by hand from large shallow white

enamel dishes and the plecopteran larvae were identified
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and preserved in 4% formalin solution.

Sampling of the adults was accomplished by
turning over stones and capturing any exposed newly
emerged adults by the use of a "pooter" or by holding
a wide mouthed linen net under the branches of river-
side bushes and beating them with a stout stick to
dislodge the adults which were then sucked up into
thepooterMas before. Many of the adults taken
were kept alive and used for feeding and ovarian
maturation experiments. Others were killed and
preserved immediately by first wetting them with
alcohol then dropping them into 4% formalin solution.
In addition other adults were collected by sweep-
netting of the ground vegetatioﬁ and agaln some were

kept alive while others were killed and preserved

immediately as described above,
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III. Larval distribution.

1. Larval species list.

Sub-Order Filipalpia.

Amphinemura sulcicollis (Stephens)

Protonemura praecox (Morton)

Protonemura meyeri (Pictet)
\

Nemoura cambrica. (Stephens)

Nemoura cinerea (Retzius)

Nemoura erratica (Claassen)

Brachyptera risi (Morton)

Taeniopteryx nebulosa (Linn) Aubert 1950

Leuctra inermis (Kempny)

Leuctra hippopus (Kempny)

Leuctra moselyi (Morton)

Leuctra fusca (Linn€)

Leuctra geniculata (Stephens)

Sub-Order Setipalpia.

Chloroperla torrentium (Pictet)

Chloroperla tripunctata (Scopoli)

Isoperla grammatica (Poda)

Dinocras cephalotes (Curtis)

Perla bipunctata (Pictet)

Diura bicaudata (Linné)

Perlodes microcephala (Pictet)
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5. Total numbers of larvae taken Nov.1966-Sept.1967.

Table 1 gives the total numbers of stonefly
~larvae captured at the five main sampling stations
from November 1966 to September 1967. Table 1 also
givés information about the distribution of each
larval species in this section of the River Wear and
indicates the degree of'abundance of each species at
high and low stafions. An indication is also given
that Filipalpian species in the genus Leuctra prefer
the upper stations especially in the cases of

L. inermis and L. hippopus which are hiemal developing

species. 1. fusca and to a lesser extent L. moselyi
which are aestival developing Epecies seem able to
tolerate conditions at lower stations. B. risi and
all setipalpian species with the exception of

C torrentium seem able to tolerate lower stations at

least as well if not better than upper stations.

3, Distribution of individual species.

The occurrence of each species in the upper
River Wear as recorded in the present study was
compared with records of Butcher et al (19375 from
the River Tees, and with records of Brown, Cragg
and Crisp (1964) from Moor House National Nature
Reserve.

Species also recorded by Butcher are indicated
by *

Species also recorded by Brown, Cragg; and Crisp

are indicated by +
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Amphinemura sulcicollis (Stephens) *+

This species was recorded at all five main
sampling stations and in addition at the following

stations sampled by Miss Holborn:=-

Grid ref.

I Cowshill . (856398)
II St. John's Chapel : (889381)
III Eastgate - (957395)
IV Stanhope (001384)
V . Witton-le-Wear (153313)
VI Above Bishop Auckland (205303)
VII Below Bishop Auckland (211310)
VIII Todhills Bridge . (210344)
IX  Shincliffe | (287409)
X Durham Sands (282434)
XI Cocken Bridge ' (280472)

It was very abundant at all upper stations but
was only moderately abundant at Witton-le-Wear and
Witton Park. At Bishop Auckland its numbers fell
still more and by Todhill's Bridge it was only
present in very small numbers. (See Table 2). It
seems that tﬁé species completes development and
emerges rather earlier at lower levels of the river
than at the higher stations. For example the last

records of 1966-67 larvae captured were:-

Wearhead - one full grown larva on 18/6/87
Witton Park =~ thirteen full grown larvae on 28/5/67
This indication is further reinforced when records

of the capture of the first adults are examined:-

Wearhead - Six adult males and two adult

females on 21/5/67.
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Witton Park - 3 adult males and 1 adult
female on 7/5/67.
In spite of this discrepancy in time of completion
of development and therefore of the commencement of
adult life, the larvae of the next generation were

captured from all levels on or about the same date:-

Cowshill - very large numbers - 24/7/67
Wearhead - ten specimens - 6/8/67
Stanhope - fairly large numbers - 10/7/67
Stanhope - very large numbers - 24/7/67
Bishop Auckland- ten specimens - 24/7/67

The reason for this almost simultaneous reappearance
of larvae in late July remains obscure. Larvae of this
species were only absent from samples for a very short
time, the-1966-67 generation finishing development
by late May/mid June, and the 1967/68 generation
reappearing as first instars by mid July/late July.

For an indication of relative abundance of larvae of

this species at the various stations see Table 2.

Protonemura praecox (Morton) *#

This species was present in small numbers at all
stations as far as below Bishop Auckland, it was not
taken at lower stations in 1966-67. The last fully
developed larvae were taken from mid April/late April
1967. Larvae less than 3.0 mm. reappeared in samples
in August 1967. Because of the small numbers of larvae

it was not possible to compare times of completion of
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development at high and low stations.

Protonemura meyeri (Pictet)*+

This species was present in small numbers,
however its range extended at least as far as that
of P. praecoXx. It was recorded from samples as
late as 31/5/67 and reappeared as very small larvae
in late July/early August. It was not possible to
comparé times of completion of development at high

and low stations.

Nemoura cambrica (Stephens)+

Rare. Four specimens were found a) at Witton
Park on 5/2/67 measuring 2-4 mm; b) at Stanhope on
30/4/67 Measuring 3-7 mm.; c¢) at Westgate on 11/6/67
measuring 7-0 mm.; d) at Wearhead on 22/10/67 measuring

2'0 mm.,

Nemoura cinerea (Retzius)+

Two specimens recorded a) at Witton Park 5/2/67

and b) at Wearhead 22/10/67.

Nemoura erratica (Claassen)+

One specimen recorded at Wearhead 28/1/68.

Brachyptera risi (Morton)*+

This species was found in small numbers from
Wearhead to Witton Park but was more common at the

upper stations. The population was of a composite
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structure, small larvae still being found when the

majority of larvae taken were fully developed.

Taeniopteryx nebulosa (Linn) Aubert 1950 *+

Four isolated speéimens were captured at widely

spaced stations in the river and with considerable

intervening periods of time. The

follows:-
at Wolsingham 5/11/66
at Stanhope 26/6/67

at Bishop Auckland 10/7/67

at Wearheaa 28/1/68

Leuctra inermis (Kempny)*+

This species was found at all
stations but was considerably more

stations. Larvae were taken from

records are as

the main sampling
abundant at upper

September 1966-

June 1967, the last full grown larvae were captured

at Wearhead on 11/6/67. Small larvae of body length

1-5 - 2-0 mm. reappeared in samples taken at Wearhead

on 11/9/67.

Leuctra hippopus (Kempny )+

Very few specimens were taken

seemed to be much the same as that

Leuctra moselyi (Morton)+

This species was only present

Its period of development was from

summer. The first specimens were

but_its distribution

of L. inermis.

in moderate numbers.

late spring to early

taken on 12/4/67 and
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the last specimens were taken on 2/7/67.

Leuctra fusca (Linné)

This species was present in large numbers at
all the five main sampling stations. The first
larvae taken at Wearhead were captured on 30/4/67
and the 1st ones on 11/9/67. At Witton Park the
dates of the respective captures were 21/5/67 and
11/9/67. The species developed from late spring

to late summer/early autumn.

Leuctra geniculata (Stephens)

Rare. Found in very small numbers at Bishop

Auckland.

By examining the records of the capture of
larvae of the family Leuctridae obtained it was possible
to see a definite succession of species throughout the

year, from L. hippopus to L. inermis to L. moselyi to

L. fusca. The first two named species were hiemal in
their development and the other two named species were

aestival in their development. L. geniculata seemed

to have much the same development period as L. fisca
but the small number of specimens taken preclude any

definite statement on this subjéct.
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Chloroperla torrentium (Pictet) *+

This species was present in small numbers from
Wearhead to Bishop Auckland but was not recorded
below this point. The last fully developed larvae
were recofded in mid June and small larvae of the 1967-

1968 generation were taken in mid October.

Chioroperla tripunctata (Scopoli)*+

Extremely rare. Found together with C.torrentium

but this species seemed to develop rather earlier and
emerge rather earlier too. Twelve specimens were
recorded. The species was found at Westgate, Eastgate,

Stanhope, Wolsingham and Witton-le-Wear.

Isoperla grammatica (Poda)*+

This species was found in small numbers from
Wearhead to Todhills Bridge but seemed to favour the
middle/lower stations. The last larvae of the
1966-67 generation were taken in late May 1967 and
small larvae of the 1967-68 generation reappeared in

samples taken at Stanhope on 24/7/67.

Dinocras cephalotes (Curtis)*+

This species was taken in small numbers from
Cowshill to below Bishop Auckland. It was found
mainly under large stones and boulders not easily
removed by the fast current. Lower stations were

favoured.
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Perla bipunctata (Pictet)*+

Like D. cephalotes this species was found from

Wearhead to below Bishop Auckland. Also it was found
mainly under large stones and boulders. Although

found together with D. cephalotes it was not as

frequently captured.

Perlodes microcephala (Pictet)*+

Larvae were taken at stations from Cowshill to
Todhill's Bridge but not in large numbers and it was

not as common as D. cephalotes or P. bipunctata.

Diura bicaudata (Linn%)+

Two specimens only were taken, both on the same

occasion on 30th April 1967 at Cowshill.
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IV Proportion of each species in samples.

The relative proportion (%) of each species
'_in the total larval population was calculated at
monthly intervals to obtain a clearer picture of the
succession of the commoner species throﬁghout the
year. This method of comparing the incidence of
the various species of larvae was carried“out first
for Wearhead, then for Witton Park.

.Table 3 gives percentaée composition of
lafval samples from Wearhead. Fig. 2 shows_the
percentage of the three most abundant species,

A.sulcicollis and L. inermis (both hiemal species)

and L. fusca (an aestival species). Fig 2. indicates
the degree to which these common species were able
to exist together and also shows the sudden advent
of a species and the equally sudden departure of a
species from_the water because of mass hatching and
mass emergence respectively. |

Table 4 gives percentage composition of
larval samples from Witton Park. Fig. 3 shows the
percentage of the two most abundant species

A. sulcicollis (an hiemal species) and L. fusca

(an aestival species). Fig.3 also shows the sudden
-appearance and disappearance af these species.

Figures 2 and 3 also make it possible to
compare the populations at Wearhead and Witton Park.
At Wearhead there were two frequently occuring

hiemal species which were A. sulcicollis and L.inermis
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Fng Percentages of total larval population of A.sulcicollis L.inermis and
L.fusca at Wearhead Nov1966- Mar. 1968.

o——o———oA sulcicollis
x~~x---xLinermis
o- —o0— -ol fusca

XUOXES LT W TN TV TV VI X X XE X
1966 i 1967 H
Fig-3. Percentages of total larval population of A.sulcicollis and L.fusca
at Witton Park Nov.1966 = Mar.1968.
o—o—o A sulcicollis

x~--x--x L inermis

o-—o— oL fusca
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with the former slightly more dominant whereas at
Witton Park L. inermis was virtually absent leaving

A.sulcicollis in a completely dominant position

during the winter months. At both stations there

_was only one really dominant aestival species,

L. fusca. At both stations larvae of L. fusca
comprised over 90% of the total larval population

during the months of June, July and August.
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2

Vo Mutual association of spécies.

i

The mutual association of stonefly larvae
at fhe five'main sampling stations was investigated
according to the méthad used by Brinck‘(l949) in
estimating the mutual association of larvae of Swedish
. stone{lies. The numberléffspééimens taken at each
sampling station is tabulated (see table 1) and by

'inépection each pair of species was allocated a degree

of mutual association as follows:-

0 = 'The_two species are_not found at the same stations.

1l = The two spec&es have-one or more'stations common
but only scattered specimens occur theré but they
reach their maximum abundance at different statioms.

2 = Both species fairly abundapt at several stations
bﬁt do ﬁot reach their maximum abundance in the
same localities.

3 = Both species are restricted to and reach maximum
abundance at the same station but at different
times.

4 = Both species reach their maximum abundance at the

same stations at the same time.

Species having high mutual association indices
were keﬁt together as far as possible and the data
: érranged in Table 5. When this had beeﬁ done it was
possible to discern two main groups, preferring on the
one hand upper stations and on the other lower statioms.

There was a considerable degree of overlap of the two
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“ Table 5. Degrees of Mutual Association of species

of larvae. (for key see text pesge 3l.).
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I. Species preferring lower reaches of the river.

D. cephalotes
P . bipunctata
P . microcephala

} .grammatica
B.risi
P . praecox

P .meyeri

C .tripunctata
T .nebulosa

N .cambrica
N .cinerea

A . sulcicollis
D.bicaudata
C .torrentium
L .inermis

L .hippopus
L .moselyi

II. Species ranging from upper to lower reaches but with some

tendency to favour middle or lower stations.

III. Species so infrequent that to classify them as upper,

middle or lower species proved impossible.

IV. Species preferring upper stations on the river,.

~




- 33 -

associations and in addition certain rarer species
could not be readily assigned to one group or the.

other because of their scarcity.
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GROWTH AND DEVELOPMENT OF THE LARVAE.

I. Measurement methods.

Three measurements were taken in respect
of each individual larva, the overall length of the
body, the maximum width of the head capsule, and the
length of the pronotum (prothoracic segment). In
order to obtain these measurements the specimens
were examined under a binocular microscope using an
eyepiece graticule which had been previously calibrated
against a stage micrometer slide. All measurements
were taken when the individual specimens had been
pressed flat either using a dissecting needle or in
badly curled specimens by placing a piece of microscope
slide on top of them. In all caées.measurements were
taken to the nearest 0.1 mm.

From the data obtained by measurement it was
possible to calculate mean values for the total body
length, width of head capsule and length of pronotum
at intervals of three to four weeks throughout the year.
Graphing of these mean values against time yieided
growth curves which potentially revealed speed of
growth of the various species at different times of

the year.

Certain limitations of the use of the mean
as the basis upon which to construct growth curves
must be taken into account. -For instance mean size
may fail to increase or may even decrease if further

hatching from eggs occurs after the main component of
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the population was already some way towards completion
of larval growth. Therefore it is important to take
into account other evidence regarding the occurrence
or otherwide of very small larvae when interpreting
the growth curves.

A complementary method of interpreting the
measurement data was the construction of histograms
of size group frequencies of the larvae throughout
the period of study. These helped to indicate the
duration of the hatching periods and also indicated
the relative speed at which growth occurred at
different seasons and also provided a means of
cémparing hatching periods, total growth periods and
growth rates at high and low stations.

For tables of data obtained as a result of

measurements see appendix I.
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II. Growth pattern of each species.

1. Amphinemura sulcicollis. Total number

examined was 3,402. As stated previously this species
was common at all five main sampling stations and it
was possible to compare growth rates throughout the
larval life from November 1966 to May/June 1967 at
all five localities and also to continue this comparison
from August 1967 to March 1968 in respect of Wearhead
and Witton Park. Figures.4-8 inclusive show mean
body length, mean head width and mean pronotum length
'plotted against time. All the graphs show a high
degree of correlation between these dimensions. The
standard deviation from thsse mean values was calculated
and was plotted for body length on the graphs.
This gave an indication of the distribution of the
indiyiduéls about the_mean for bo@y lengths and showed
the population tg be very compact, probably consisting
of only one or two instars in each of the samples
examined. In all but_three samples at Wearhead the
S.D. was less than ¥ 0.5mm and at Witton Park all but
five samples had an §.D. of less than i O.5mm from
the mean bgdy length; at neither station did the S.D.
exceed * 0.75 mm in respect of any individual sample.
Histograms of size groups at frequencies of
O.5mm were constructed and these revealed that the

populations of Amphinemura sulcicollis showed a strong

approximationto a normal distribution (see figures
9-13 inclusive) as regards body length and were therefore

capable of being regarded as uni-modal populations.
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Fig.9. Distribution of size groups in sampjes of A.sulcicollis

[~}

at Wearhead.
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Fig.10, Distribution of size groups in samples of A.sulcicollis

at Westgate.
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Fig.11. Distribution of size groups in samples of A.sulcicollis
at Stanhope.
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Distribution of size groups of A.sulcicollis in samples

at Whlsingham.
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Fig.13. Distribution of size groups in samples of A sulcicollis

-~ at Witton Park.
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Both the graphical method and the hisfogram
method of interpreting the data seemed to indicate
that growth of the larvae wés retarded during the
winter months. This retardation seemed to occur at

Wearhead and Witton Park almost equally.

When mean values.for body length of larvae
captured at Wearhead and Witton Park were compared
it was noticed that the larvae from Wearhead were
consistently larger throughout the larval life.

The relevant data is compared in Table 6.

Table 6. Comparison of mean body length of larvae

of Amphinemura sulcicollis at Wearhead

and Witton Park.

Date. Wearhead. Witton Park.

6/11/66 1.83 (73 larvae) 1 1.92 (54 larvae)
11/1/67 2.23 (37 larvae) 2.08 (99 larvae)
5/2/67 2.54 (133 larvae) 2.50 (91 larvae)
12/3/67 3.82 (10 larvae) 3.51 (40 larvae)
12/4/67 3.78 (74 larvae) 3.75 (44 larvae)
30/4/67 L.40 (23 larvae) 4,09 (14 larvae)
21/5/67 5.41 (45 larvae) 5.20 (13 larvae)

The mean values for body length of larvae of

A. sulcicollis at Wearhead and Witton Park were compared

statistically to see if the observed differences were
significant or not. First the Standard Error of the

difference between the means was calculated according

to the formula:-

. 2 2
S.E. of the difference between two means, o°d '—‘\Rg—' M g—*)
' n
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The resulting values were then used to
calculate a value for t and these calculated values
were then compared with values for t from tables at

" the level of p = 0.05.

By this process the means for body length

of A. sulcicollis at Wearhead were seen to be "

significantly different from the values f&r specimens
at Witton Park on only two of the sample dateé,
11/1/67 and 1273/67. Differencés in the means

for body length were not significant on 6/11/66,
5/2/67, 12/4/67, 30/4/67 or 21/5/67. It was there-
fore concluded that the observed differences in the

means between samples of A. sulcicollis at Wearhead

and Witton Park were probably caused by the irregular
size of the samples on the two dates when significant
differences were recorded, and that in fact the two
sets of samples were representative of a single

homogeneous population.

The tofal period of time required for the
growth of the larvae to full size was from late July
fo mid May, almost exactly ten months. From hatching
in late July it took the larvae of Amphinemura
sulcicollis till early February of the following
year to attain a mean size-equal to half the mean size
of full grown larvde i.e. 6 months or 60% of the time
spent as larvaé was needed to reach half size. From

early February the growth rate accelerated so that
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the rest of the growth was completed by mid May i.e. 334

months or 40% of the time spent as larvae were
needed to complefe the second half of larval growth
in order that the first adults could emerge in mid

Ma&.

2. Protonemura praecox. Total number

examined was 101. The small number of larvae avail-

able made it difficult to adsess the growth of Protonemura

praecox though it was possible to construct a ‘rough
growth curve by plotting mean body length against time
(see figure 14). From this and by inspection of the
data availéble it seemed that érowth remained fairly
constant during the whole period of larval 1ife and
winter temperatures had no retarding effect on the
rate of growth. Emergence took place in late
February/early March. The total time taken for the
completion of larval growth was eight months from early

July/early March.

3, Protonemura meyeri. Total number examined

was 76. As in the case of Protonemura praecox only a

small number of larvoe was available and therefore only
a rough growth curve could be constructed from the
available data. (See figure 15.) Again as in the

case of Protonemura praecox there seemed to be little

or no retardation of growth during winter and emergence
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certainly do not remain in the river bed and join
the next year's crop. Therefore this species seems
to be unstable with regard to either hatching of the

eggs or to the onset of larval growth. (cf.Brinck,1949).

5. Leuctra inermis. Total number

examined was 1007. This species was only really
abundant at upper stations and the growth curve

which was constructed, (fig. 18), was derived-from
the-combined data obtained by measuring larvae
captured at Wearhead and Westgate. This combination
of samples proved advisable because of the irregularity
of the size of the samples taken as regards Leuctra
inermis, thus making it difficult to construct
adequate separate growth curves for the two stations.

The composition of the populations of Leuctra inermis

at different times of the year was also investigated

by preparing histograms showing @he percentage

'frequency of different size groups. (see fig. 19).

From the use of both of these techniques it was possible
to see a definite retardation of the rate of growth
during November, December and January. The larvae
became full grown and began to emerge in late April/early
May. The first small larvae of the next generation
wére captured in late August/early September. The

total time needed for the completion of larval growth

'~ was eight months.
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Fig.19.Distribution of size groups of samples of Leuctra inermis

larvae at Wearhead and Westgate.
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Fig.20. Growth of larvae of Leuctra moselyi 1967.
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Thére is a definite_size difference
between fully mature male and femalé larvae, the
females being fhe larger and this size difference
no doubt explains the greater length of growth

period for female larvae as 6pposed to male larvae.

- This difference in the sexes as regards size is

~shown in the histograms of size frequencies (figs.

21 and 22) At first these histograms were seen to

be uni-modal when only small larvae were present

_ but by early July the histograms became polymodal

in

as male larvae reached maximum size in large numbers
and as female larvae became noticeably larger.

Larvae of Leuctra fusca continued to be taken

samples till mid September and in view of the time
from capture of first small larvae to emergence of

first adults this indicated a fairly long hatching

'.period for the eggs and therefore this should be

reflected in the degree of overlap of records of

larval captures and captures of adults. This was

so, (see fig. 28).
Graphs of mean body length for specimehs
captured at Wearhead and Witton Park (figs. 23 and

2L) revealed that growth was continuous and even as

- would be expected for a species which is aestival

in its larval development.

There was some indication that larval life
began earlier at Wearhead than at Witton Park, for
example at Wearhead 119 larvae were captured on 21/5/67

while at Witton Park on the same day'only 6 larvae
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Fig.21. Distribution of size groups of larvae of Leuctra fusca

in samples at Wearhead.
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Fig. 22. Distribution of size groups in samples of Leuctra fusca

at Witton Park.
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Fig.23. Growth of larvae of Leuctra fusca at Wearhead 1967.
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Fig.24. Growth of larvae of Leuctra fusca at Witton Park 1967.
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were captured. The numerical discrepancy is too
great to be attributable to the relative abundance
of the species at high and low stations on the river
because by 11/6/67 the numbers of larvae captured
were 359 at Wearhead and 128 at Witton Park, a
ratio of only 3:1 not 20:1 as in the case of the
figures for 21/5/67.

No small larvae were captured in autumn or
winter thus indicating that hatching is delayed till
the following spring or if it does occur in autumn,
the newly hatched larvae (the nymphulae of Brinck,l949)
lie dormant in the'gravel and do not commence active
growth till the spring.

When graphs of mean body length for Wearhead
and Witton Park were compared (figs. 23 and 24) it

_was seen that larvae at Wearhead were consistently
larger than larvae at Witton Park. The relevant

data are compared in Table 7.

Table 7. Comparison of mean body length of larvae

of Leuctra fusca at Wearhead and Witton Park.

Date. Wearhead. Witton Park.

21/3/67 3.30 mm (119 larvae) 3.5 mm (6 larvae)
28/5/67 3,50 mm (117 larvae) Flood conditions.
11/6/67 4,21 mm (359 larvae) 3.93 mm (128 larvae)
18/6/67 4,.79 mm (231 larvae) 3,80 mm (135 larvae)
2/7/67 5.95 mm (125 larvae) L.64 mm (177 larvae)
23/7/67 6.86 mm (103 larvae) 6.07 mm (83 larvae)
6/8/67 6.95 mm (164 larvae) 5.53 mm (91 larvae)
27/8/67 7.36 mm (5 larvae) 6.35 mm (39 larvae)
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As in the case of A. sulcicollis the

mean values for body length of larvae of L. fusca
at Wearhead and Witton Park were compared statis-
tically to see if the observed differences were
significant or not. Again the Standard Error of
the difference between the means was calculated
and the values used to calculate values for t.
These values were compared with values for t from
tables at the level of p = 0.05. Samples taken
on 11/6/67, 18/6/67, 2/7/67, 23/7/67 and 6/8/67

were examined in this way.

In all cases the means for body length
of specimens taken at Wearhead were seen to be
significantly different from the values for specimens
at Witton Park, i.e. on identical sample dates those
larvae taken at Wearhead were significantly and
consistently larger than those larvae taken at
Witton Park. Furthermore since in all cases the
samples were numerically large these differences
could not be attributable to varying sample size.
In all probability these differences in mean body
length reflect an earlier start to active larval
growth at Wearhead as opposed ts Witton Park as

previously suggested.
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8. Chloroperla torrentium. Total number

examined was 90. This species was present in small
numbers at all five main stations but seemed to be
more frequent at the upper stations. The larvae
hatched from the eggs in late summer and déveloped
throughout the autuﬁn, winter and spring until
-emergence in mid May. A growth curve was constructed
'by'plottihg mean body length against time though

it must be emphasised that the accuracy of this
.gfaph is impaired by the low number of specimens

used. (See fig. 25).

9. Isoperla grammatica. Total number

. examined was 405. This species was present in

fair numbers at all five stations. Very small
larvae were captured in late July and growth was
fairiy steady until the months of November, December
and January when there was a definite retardation
-of growth. Growth recommenced in February and
gained momentum until emergence in late May/early
June. A graph of mean body length against time

was constructed using all available specimens and
this showed the retardation of growth mentioned
above., (See fig. 26). This type of growth corresponds
to that of a hiemal species showing a retardation of
growth in winter foilbwed by late emergence as

recognised by Brinck (1949).
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10. Dinorras cephalote;. Total number

- eXamined was 100, This species was found in small
nﬁmberé over the whole stretch of the river.
Because of the fact that it takes three years to
~complete its larval development, larvae captured

- were of very mixed ages and therefore it was only
possible to observe tendencies of growth. No

definite pattern of growth could be arrived at with

certainty without observation of specimens over a

- long time in the laboratory and this-proved impdssible;

:waever a possible reconstruction of a growth curve

_was arrived at by inspection of the lynyﬁe and
segregation into Year I, Year II, and Yéar IIT categories.
The mean body lengths of the various small groups were

'plofted against a three year time axis and this

~rather tentative growth curvé seemed to indicate a

fairly steady growth rate over the whole of ghe larval

life. There was certainly nothing in this scalter diagram

(fig.- 27) to suggest any retardation of growth during

the colder monthsof the winter. Third year male and

| female laryvae differed considerably in size so the

“graph was drawn so as to take account of this fact.
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II7T. The percentage change index method of

assesing growth rates,

l. Explanation.

A further technique was used to investigate
the growth rates of the most abundant species. This
method may be called thepercentage change index"
method and was originally devised by Smith (1969),
M.Sc. thesis, to investigate the rate of growth of
certain species of Simuliidae (Diptera), where the
number of larval instars was definitely known and
where indiwvidual instars could be readily -identified.

To determine the "percentage change index"
for the growth rate of a particular species it is
necessary to take two samples from the species
population with a definite time interval between the
two samples.

Suppose two samples were taken from a
hypothetical population with an intervening time
interval of 100 days.

Let sample one consist of 50 individuals, 20
at instar I, 20 at instar II, and 10 at instar III.

Let sample two consist also of 50 individuals,
_ 20 at instar II, 15 at instar IIT and 15 at instar IV.

For each sample express the number in each
individual instar stage as a percentage of the total
sample. Then the percentage‘change upwards of
larvae to later instar stages between sample one and

sample two may be calculated as follows in Table 8
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by comparing the percentage of the samples at each
instar stage and noting the percentage differences
which in tgrn indicate the percentage moved up
from I to II, II to III etc..

Since the time interval is known the total
percentage move up of the larvae may be converted
into percentage move up per week/per ten days/ per
month etc. Several percentage change indices may be
calculated for different periods of larval life and
comparison will yield information regarding changing -
growth rates.

It is important to remember that there are
certain limitations of the application of the
percentage change index. For example if eggs are
still hatching during the time interval between taking
sample one and sample two it would have the effect of
reducing the change index. Therefore before applying
this method to the study of growth rates of insect larvae
it is important to wait until egg hatching can be

reasonably expected to have ceased.

2. Application.

The application of the technique to the
evaluation of growth rates of stonefly larvae was
made difficult by the fact that not only are the
instars very numerous bﬁt also the morphological
distinction between one instar and the next is so
fine as to make it extremely difficult to recognise

the instars in each sample with speed and accuracy.
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Therefore the specimens were graded according to
body length to facilitate the operation of the

technique.

The method was used as a further tool in the
_investigation of the growth rates of the more common
species. This was done particularly with a view to
checking whether the apparent retardation of growth
of certain hiemal species during the winter, (as
indicated by histograms and graphs 6f mean body length),

was real or just an artefact.

The growth rate of the most abundant hiemal

species, A. sulcicollis was investigated using the

"percentage change index" method, the data being
obtained from further samples taken in the winter and
spring 1969-70. It was judged from previous data
obtained in 1966, l967hand 1968 that all new hatching
from eggs had been completed by the middle of October.
Accordingly the samples were taken at intervals of
approximately two months beginning at this time. Four
samples were taken in all at Wearhead on 16/1069;
27/12/69; 14/3/70; 20/5/70. Tt was intended to
obtain samples on the same dates at Witton Park but
because of flood conditions it .was only possible to
get a good sample on 16/10/69 and 27/12/69. This
enabled a comparison to be made between growth rates
at Wearhead and Witton Park for the autumn/winter 1969
only. It was therefore decided to use the original
sample data from 1966/67 to investigate growth rate

at Witton Park by means of the percentage change index.
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All samples were grouped into # m.m. size
frequencies and the number falling into each group
was expressed as a percentage of the total sample.
number. Using the procedure outlined in table 8 the
mean weekly percentage of larvae that had moved up
from one size group to the next was calculated
between sucessive sample dates, (for detailed calcula-
tions see table XVI - XXII in Appendix II). The mean
weekly percentage change indices obtained are compared
in table 9, which shows that a similar pattern of
growth occurred at both stations viz. a slow growth
rate throughout autumn and winter followed by an
extremely rapid rate of growth from March until

emergence in late May.

TABLE O.

% change indices for Amphinemura sulcicollis at

Wearhead and Witton Park.

Period of growth. Station. % change index.
6/11/66 - 11/1 /67 Witton Park L4.6%
11/1/67 - 5/2/67 Witton Park . 16.7%
5/2/67 - 12/3/67 Witton Park 44.8%
16/10/69- 27/12/69 Witton Park 11.3%
16/10/69- 27/12/69 Wearhead 5.8%
27/12/69~ 14/3/70 Wearhead | 7.0%
14/3/69 - 20/5/70 Wearhead 55.8%
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The percentage change index was used to

evaluate the growth rate of larvae of L. inermis.
Because of fluctuating numbers in the samples,data

from samples taken at Wearhead and-at Westgate were
combined. The dates of the samples used were 6/11/66,
5/2/67 and 12/7/67. The periods of growth reviewed

were therefore:-

6/11/66 - 5/2/67 (91 days or 13 weeks).
5/2/67 - 12/4/67 (66 days or 9.4 weeks).

The calculations of the respective percentage
change indices are shown in‘tables XXIII and XXIV in
appendix II and they.reveal that in the spring of 1967
the growth rate of L. inermis larvae was more than
doubled when compared with the growth rate during the
colder winter months of November, December 1966 and
January of 1967.

Both the species dealt with abo&e, A. sulcicollis

and ﬁ. inermis are species having an hiemal larval
development followed by an emergence in late spring.

One species having a typically aestival larval
development and which occurred in sufficient numbers
to enable its growth rate to be investigated by the
percentage change index method was L. fusca. However
because its appearance in the samples at Wearhead was
‘not sychronised with its appearance in the samples at
Witton Park (See Page60 and table XI and XII appendix I),
it was impractical to try to compare growth rates over
identical periods of time. Growth rates were therefore

compared for early and late larval life at Wearhead and
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then similar comparisons were made of the samples
taken at Witton Park but using different sample
‘dates and different periods of time.

The growth periods for which percentage change
indices were worked out at Wearhead were:- °
a) 21/5/67 - 18/6/67 (28 days or L weeks).

b) 18/6/67 - 6/8/67 (49 days or 7 weeks).

The calculation of the respective percentage
change indices are shown in tables XXV and XXVI in
appendix II.

The growth periods:bf which percentage
change indices were worked out at Witton Park were:-

a) 11/6/67 - 2/7/67 (21 days or 3 weeks).
b) 2/7/67 - 6/8/67 (35 days or 5 weeks).

The calculations of the respective percentage
change indices are shown in tables XXVII and XXVIII in
appendix II.

Both in the case of the larval populations of
L.fusca at Wearhead and the larval population at Witton
Park the percentage change indices for early and late
larval life showed a tailing off of growth rate as
time progressed. The percentage change indices for

the late larval life would no doubt be depressed by
the occurrence in the samples of mature larvae awaiting
a suitable moment to emerge having virtually completed
growth.

Upon further comparison of the percentage
change indices for larval populations of L.fusca at

Wearhead and at Witton Park (see table 10) it can be
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seen that the values obtained were higher at all times
at Wearhead, possibly indicating an increased growth
rate at the upper station as compared with the lower
one. It must be remembered however that the two
populations.were not synchronised in their development,
specimens appearing earlier in samples taken at Wearhead
and'equally emerging and therefore disappearing earlier
too, a fact which precluded exact comparison by means
of the percentége change index method. The final
percentage change indices and the periods of time for
which they were calculated with respect to Wearhead

and Witton Park are given in table 10,

TABLE 10,

Percentage change indices for larval populations of L..fusca

at Wearhead and Witton Park.

Station. Time interval , % change upwards
. per week.
Wearhead '21/5/67 - 18/6/67 78.3%
Wearhead | 18/6/67 - 6/8/67 60. 6%
Witton Park 11/6/67 - 2/7/67 44 .0%
Witton Park 2/7/67 - 6/8/67 ' 31.2%

Lack of suffieiently large samples of larvae of
other species prevented the further application of the

percentage change index to the study of their growth

rates.
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'IZ. Observation of emergence and incidence of moulting

in Perla bipunctata.

The following observation of the emergence

of a female specimgn of Perla bipunctata was made

by Mr. R.A. Dobson,a student under my supervision,
‘on 22nd January 1970 and ié included here with his
- permission.

Larvae of Dinocras cephalotes and Perla

bipﬁnctata were kept in shallow pie dishes in aerated
- water mainly witﬁ a view to observing the incidence of
moulting. The temperature in the laboratory was well
above that obtaining in the river, 15°C as opposed to
2° - 7°%. Aiso the larvae were regularly fed on
‘chopped garthwormé or mayfly larvae. Both these
factors, high femperature and regular food supply may
:lhave induced this relatively early moult and emergence.
However the main reason for inclusion of this
event in this account is because emergence took.place
'during the day. _This is a direct refutation of Hynes'

.observations. He stated that "Perla bipunctata seems

only to emerge at night. No specimens have been
observed emerging during the day either in the field
6r under labofatory conditions".

'The detailed record is as follows:-

Emergence began at 11 a.m.

A larva of P, bipunctata was seen to have
crawled out of the water onto the edge of the pie dish.

It -was placed back into the water and it immediately
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crawled out again. It remained stationary on the
lip of the dish. Rhythmical contractions of the
body were observed and the cuticle split along the
dorsal mid line in the thoracic region. Total
time from beginning of contractions to complete-
emergence was 17 minutes. The insect was pale
yellow to green in colour and the wings were white.
After two hours the wings were dry and the boqy had

become much darker.

Four specimens of P, bipunctata were

observed in an attempt to discover the time interval
betﬁeen moults. Each spepimen was marked with a

distinctive spot of nail varmish so that they would
" not be confused one Qith another. These marks were

renewed after moulting. The resdlts were as follows:-

Specimen I. Moulted on 16/11/69 then on 8/1/70.
Time interval between moults 53 days.

Specimen II. Moulted .on 23/11/69 then on 12/1/70

then died in moult 5/3/70.
Time interval between moults
a) 50 days
b) 52 days

Specimen IITI. Moulted om 30/11/69 then emerged on

22/1/70.

Time interval between moults 52 days.

Specimen IV. Moulted on 18/12/69 then on 6/2/70.

Time interval between moults 50 days.
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Therefore the average observed time interval between
moults from the above observations is 51.4 days i.e.
7 moults per year assuming a constant grox'rrth rate,
or 17 - 18 moults during a larval life of 2% years,
(this allows for the fairly extensive incubation -

period for the eggs).
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DISCUSSION OF LARVAL LIFE.

Twenty species of stonéfly larvae were taken
in samples from the section of the River Wear, Wearhead
to Witton Park and when it is noted that the British
list for the Order Plecoptera comprises only 34 species
of which four species are extremely rare or doubtful
records it may be assumed that in this particular area
conditions favour the establishment and maintenance

of stonefly colonies.

Records of the occuuénce of species from the

| River Wear weré compared'with those of Butcher et al
(1937) from the River Tees and with those of Brown,
Cragg and Crisp (1964) from streams on the Moor House
Nature Reserve, Twelve of the twenty species recorded
in the present study were recorded from the River Tees
by Butcher (1937) while eighteen épecies out of the
twenty were recorded from the Moor House National

Nature Reserve by Brown, Cragg and Crisp (1964).

Records of numbers of each species taken in
samples at the five main sampling stations seemed to
indicate a falling off in the density of'populations
from high to low levels of the river. This reduction
in population density_varied from species to species

and was most marked in L. inermis, L. moselyi, and

C. torrentium, and to a lesser degree in- A. sulcicollis

(see table 1.) One species D. bicaudata reached its

lower- 1limit at Wearhead two specimens only being taken.
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This latter observation would seem to confirm

Hynes' (1941) view that D. bicaudata has &an upper

temperature threshold preventing its colonisation
of lower levels of rivers below about 1000' above

sea level. The larger Perlidae i.e. P.bipunctata

and D. cephalotes wefe taken in rather larger numbers

at lower levels than at high levels of the river.

This would seem to agree with the observations of

Hynes (1941) and Brinck (1949) who both stated that
variation in the substrate might also account for

the presence or absence of certain species of stone-
flies, some preferring stable substrata others unstable.

Both P. bipunctata and D. cephalotes prefer habitats

with rather large boulders which resist movement under
flood conditions and these conditions obtained to a
greater degree at-Witton Park than at Wearhead.

Studies of the growth rates of the most
abundant species revealed a tendency for growth to be
retarde& during the months of November, December and
January in those species which were hiemal in their
development with emergence as adults oeccuring in late
spring. Brinck (1949) and Svensson P.0. (1966) observed
similar retardations of growth in Swedish stoneflies
with this pattern of development though Hynes (1941)
did not recognise growth retardation in British material.
Species showing marked retardation of growth were

A. sulcicollis (see figs. 4 - 13 inclusive and table 9

and tables XVI - XXII inclusive in Appendix II and

Leuctra inermis (see figs. 16 and 19 and tables XXIII
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and XXIV on Appendix II). Other species showing
retardation of growth were P. praecox (fig. 14),

P. meyeri (fig. 15), I. grammatica (fig. 26).

No obvious retardation of growth was evident in the

development of C. torrentium, B, risi or D. cephalotes.

Species having an aestival growth pattern, as
expected, developed steadily over the whole larval
period e.g. L. moselzi (fig. 20) and L. fusca (figs.21 -
24 inclusive and tables 19 - 22 inclusive). These
observations support Hynes (1941) and Brinck (1949).

It was noticed in A. sulcicollis and L. fusca
that the mean body length was greater at Wearhead than
at the lower level of Witton Park, (see table 6 and 7).
The observed discrepancies in the case of A. sulcicollis
were subsequently shown to be statistically non-significant
except in two instances and it was concluded that in
these two instances the significance of the differences
in the means was probably reflecting the large disparity
in the sample sizes under review and that the larval

population of A. sulcicollis was homogeneous as regards

mean body length at both high and low stations.

In the case of L. fusca the observed discrepancies
in mean body length at Wearhead and Witton Park were
shown to be statistically significant. The reason for
the disparit& ih mean size remains unrésolved‘but may in
part be explainéd by the fact that the periods of larval
development were slightly out of phase at high and low
stations, hatching of the eggs and the beginning of larval

growth seeming to occur slightly earlier at Wearhead than
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at Witton Park.

B. risi was found to be unstable with regard to
hatching of the eggs and/or the beginning of larval growth.
Brinck (1949). This resulted in a composite population
that was easily recognised from histograms of body
length arranged in size frequencies of 0.5 m.m. (see
fig. 17). The composite nature of populations of B.risi
_ seems to result from inherent instability of the species
with regard to hatching of the eggs, or the beginning of
larval growth subsequent to hatching or to both events.
The instability does not seem able to be ascribed to
prolonged low temperatures as in springs or cold trickles
since composite populations occur in quite normal streams
and rivers side by side with quite uniform populations in

essentially similar streams, (Brinck,l949).

Khoo (1968) investigating the phenomenon of
"diapause in stoneflies observed that the eggs of B.risi
had a very long incubation period and a very long hatching
period. The long incubation was found to be caused by
the occurrence of diapause at the stage just after the
formétion of the germinal disc._ The long hatching period
was caused by the irregular termination of diapause.
Furthermore the inceptién and termination of diapause did
.not seem to be stimulated by the immediate environmental
conditions. These irregularities in the length of
incubation and hatching periods result in the development

of composite populations as regards size.

This composite nature of the population of

B. risi made it extremely difficult to construct any
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accurate picture of the growth pattern of individuals
6f thé species since the criterion of mean body length
was greatly affected by the continued presence in the
samples throughout the developmental period of extremely
small specimens. A.further point is the fact that
these small specimens do not carry on growing and do

not join_the larval populations of the succeeding year
i.e. these late developers die having failed to complete
their full larval development in the one year, and do
not linger on to finish developing after another year

of larval life. In other words the observed composite

nature of the samples of B.risi is not caused by the

larval development extending over two years.

The growth rates of the most common species,

A.sulcicollis, L. inermis and L. fusca were further

examined by means of a technique referred to as the
"percentage change index" (Smith M.Sc..thesis 1969 ).

This technique was applied to measurement data obtained

. from samples taken from high and low levels of the

River Wear for A, sulcicollis, and L. fusca, so that

it was possible to make an attempt to compare growth

rates at high and low levels for these two species.

In the case of A. sulcicollis it was

impossible to obtain samples from both Wearhead and

Witton Park for identical periods except in one or

_'two instances. However between 16/10/69 and 27/12/69

fhe growth rate at Witton Park, as indicated by the
percentage change index Was almost exactly double that

obtaining at Wearhead, (see table 9). This would seem
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to indicate that the retardation of growth occasioned

by the low temperatures of the Winter months affected
specimens in the higher reaches of the river markedly
before those living at Witton Park. At the smme

time a tremendous inq;ease in the growth rate of specimens

was seen to occur in spring at both Wearhead and Witton

Park (see table 9).

Similarly larvae of L. inermis in samples taken
-dt Wearhead and Westgate were retarded in their growth
during the winter and then spurted dramatically in

early spring.

Both these hiemal developing species revealed
an interrupted growth during the colder months of Winter.
This phenomenon was noted by Brinck (1949) and Svensson
P.0. (1966) in Swedish material but was not recognised |
by Hynes (1941) in British material. Examination of

graphs of mean body length for P. meyeri, C. torrentium

and A. sulcicollis given by Hynes (1941) reveal that no
samples were taken in January 1940, Therefore following
sampling in mid December 1939 no further samples were
taken till mid-Fébruary a fact which may have camouflaged
some of the retardation of growth in the populations of
the above species. It is significant that Hynes draws
‘attention to retardation of growth in P. meyeri in the

River Liffey, Ireland as investigated by Frost W.E. during

the winter of 1929 - 1930.

The growth rates of L. fusca at Wearhead and

Witton Park were calculated using the percentage change index
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method._ At both stations growth was:slow in the firsf part

of larval life. Although the periods of time investigated
could not be synchronised at Wearhead and Witton Park

" there was an indication that the rate of growth was
ébnsiderably faster at Wearhead than at Witton Park (see
table 10). This may partly explain why mean body length
of specimens at Wearhead was consistently_greater than

mean body length of specimens at Witton Park (see table 7).

A tentative estimate of the numbér of instars for

"P. _bipunctata was a&vanced on the basis of records of time

intervals between moults of four specimens kept in
gaptivity in the laboratory; 17 - 18 moults during a
larval life of'Z% yéarsallowing for a fairly extensive
incubatién period for the'éégs. Little howeyer is
définitely known regarding the number of instars and

_ thére cettainly seems to be no set number characterisfic-
‘of the Pleéoptera; e.g. Nemoura sp. - 22 (Wu,1923),

-D. «ephalotes - 33 for females, fewer for males

(Schoenemund, 1925), P. abdominalis Burm.- 22 (Samal,1923).

The growth rate of D. cephalotes was estimated

by measuring all available larvae, assigning them to year
1,2, or 3 categories and plotting their body lengths

- against a three year time axis. Growth was slow but
steady throughout year 1 accelerated-éomewhat in year 2
and then revealed a divergence of growth rates of male
and female specimens in year 3. - Overall however no

vaious growth retardation was recognised during winter.




THE ADULTS.
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THE ADULTS.

ADULT LIFE WITH PARTICULAR REFERENCE TO OVARIAN MATURATION.

l. Sampling and species recorded.

The adult stoneflies were sampled_at the
same stations as the larvae, and special emphasis
was laid on collections at Wearhead and Witton Park
580 as to enable a comparison to be made between
emergence and flight periods at upper and lower
stations on the River Wear. The methods used to
capture the adults were to use a large sweep net
through the vegetation and herbage of the river
bank, to beat resting insects from trees and bushes
into the net held beneath the branches and also to

collect from stones at the waters edge using a "pooter",

Altogether fifteen species were taken in the
adult stage and of these only nine species were taken
in sufficient numbers for it to be possible to delimit

their respective flight periods.

The fifteen species captured were as in the

list given on the following page.

Of the fifteen species taken as adults only

one, Nemurella picteti Klapalek, was not recorded

from larval samples.
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List of species taken as adults.

Leuctra geniculata

Leuct®#a inermis

Leuctra hippopus

Leuctra moselyi

Leuctra fusca

Amphinemura sulcicollis

Protonemura praecox

Protonemura meyeri

Nemoura erratica

Nemurella picteti

Isoperla grammatica

Chloroperla torrentium

Dinocras cephalotes

Perla bipunctata

Perlodes microcephala
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II. Flight periods and degree of overlap

-with larval records.

N T

When a table was constructed to show the
flight periods and also the duration of larval
life some indication of the degree of overlap of
'the fwo phases in the life history of certain

species was obtained. (see fig. 28).

This overlap or co-existence of larvae
and adults varied in extent from species to sbecies.
. Figure 28 shows that the overlap was very pronounced
: _iﬁ L. fusca, (lafe June - late August); L. inermis

(early May - mid June); L. hippopus (early April -

 late May); and AY sulcicollis (late May - late June).

The least overlap of the-larval and adult
phases in the life history was observed in L. moselyi
where the last larvae and the first adults were taken
on the same day, 2/7/67 i.e. no overlap observed;

I. Efammatica where again the last larvae and the
first adults were taken on thé same day 28/5/67

. 1.e. no overlap observed; C.torrentium (late May -

early June); P. praecox (late March - mid April);
P, meyeri (slight overlap in mid April).
In the case of B,risi adults were only
taken on one sample date 18/6/67 and then only two
specimens so that it was quite impossible to give

.any degree of overlap.
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In the cases of species exhibiting a long
period of overlap it may be that this is caused by

one or more of the following occurrences:-

a) the eggs being laid by each adult on more
than one occasion and the eggs having a
constant incubation period and the larvae

a constant larval life span.

b) the eggs, (if laid on a single occasion)
having variable incubation periods and the

.larvae a constant larval life span.

c) the eggs being laid on a single occasion
and having a fixed incubation period but

the larval life span being variable.

d) the eggs being laid on more than one
occasion, and having variable incubation

periods and the larval life being variable.

All the above sets of circumstances would
result in a large degree of overlap of larval and

adult phases, by causing an extension of the period

necessary for all the larvae to emerge as adults.
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IITI., Mating behaviour.

Mating behaviour was observed mainly in
L. fusca but incidentql observations of matings

were made in A, sulcigollis and D. cephalotes.

In the case of L. fusca the female
remained stationary except for.a regular rhythmic
twitching and opening and closing of the genital
aperture. The abdomen was curved downwards so
that the tip of the abdomen was not sheltered by
the wings as is'usual. The male ran in a very
excited manner and grasped the female from above
the wings and at the same time his abdomen was
curved to one side and round the female's body
s0 that the tips of the two insects! ab&omens were
in the correct postion for sperm transfer. They
remained like this for about 2 - 3 minutes in one
instance and for 5 - 7 minutes in another. The
female made normal movements in the meantime i.e.
crawling up away from gravity and also towards
shade and away from light, carrying the male on
her back. - No spermpacket was seen to be transferred.
The female reproductive opening remained open after
mating snd there seemed to be a slight distension

of the abdomen here, (possibly a sperm packet internally).

Mating was observed in a tube lacking food

and also in a tube with food (Pleurococcus). Feeding

was also observed in the latter tube but whether prior
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to or after mating or both was not determined.

The general pattern of events observed in

the mating of A.sulcicollis and D. cephalotes was

the same as has been deécribed above for L. fusca.

However the degree of excitation of the insects

seemed greater in D. cephalotes so much so that
- the males often mounted the females the wrong ﬁay
round in their haste, also the females seemed to
make greater efforts to run away from the males

especially when pursued by more than one male.

When the ripe eggs were fertilised they
were extruded from the female genital'opening in
a consolidated mass. This was carried around for
some hours and was prevented from touching the
substrate over which the female was crawling by
the upward curving of the abdomen. This curvature
of the abdomen was so pronounced as to give the
impression that the egg mass had been transferred

to the dorsal surface.

When laid egg masses were allowed to come
in contact with water they separated into individual
eggs. This separation was often quite violent and

this undoubtedly aids dispersal of the eges.

As a prelude to mafing male insects were
observed to drum on the substrate with the sternum
of the eighth abdom#nal segment. This was seen in

D. cephalotes in a male kept in a plastic box approxi-
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mately-lO" X 4" x 3" deep together with two other
males and one female. 1In this case the drumming
was against the side of the box and was clearly
audible several feet away. The duration of the
drumming was about 2 - 3 seconds.én%y and was a
continuous evenly spaced series of Blows with no

discernible rhythn.,

Drumming was also observed in one specimen

6f I. grammatica which was contained in a an x 1n

specimen tube covered by a piece of nylon stocking

and containing a strip of crumpled paper. This

time the drumming was audible across the room and

had a rhythmic quality d-d-d-dum, d-d-d-dum, d-d-d-dum
etc. The.dhratioﬁ of each drumming seqﬁence was
approximately 10 seconds. This specimen lived in
capti&ity for 26 days when given 1% sucrose solution
to drink and drumming 6ccurred almost every day,

appearing to coincide with feeding time,
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IV, Feeding and length of adult life.

1. Previous work.

Until comparatively recently it was
generally believed that no adult stoneflies fed
and that the mouthparts were degenerate, (Mertens,
1923; Schoenemund,lQZh; Kuhtreiber,1934). However
it was shown that feeding did occur in some species
of the Sub-order Filipalpia, (Frison,1935). Also

Newcomer (1918) statgd that in California Taeniopteryx

pacifica, Banks, fed as adults and caused damage to
fruit tree buds. More recently feeding of adult
stoneflies has been investigated by Hynes (1942)

working on Nemoura cinerea and in this species feeding

was found to be an important prerequisite for mating
and successful development of the eggs by the female.
Feeding was also found to extend the life of adults

as much as eight times that of unfed specimens in

N. cinerea. Brinck (1949) also studied feeding of
adult stoneflies both in the loboratory and in the
field and confirmed Hynes' observations regarding

the feeding of the adult Filipalpia:being necessary
for egg development. Brinck also suggests that the
necessity to feed may account in part for the scarcity
of the Fiiipalpia in high mountainous distiicts in
Sweden where there are no woods or thickets where

food may be found near the banks of the streams, the
ﬁain foods being lichens and unicellular algae belonging

to the genus Pleurococcus (Hynes,1942; Brinck,1949).
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2. Bxperimental work on feeding and length of

adult life.

Experiments were carried out with the more
common species in an attempt tq determine the degree
to. which availability of food influeﬁced the length
of adult life. The most used species were Amphinemura
sulcicollis which emerged in late Spring and Leuctra
fusca which emerged in Summer, though observations
were méde on several other species during the course

of the experiments.

In all the experiments the flies were confined
in tubes 3" x 1" containing a small strip of crumpled
paper for refuge and covered by a small piece of

nylon stocking held by an elastic band.

Liquid food or water was supplied by placing
small balls of cotton wool soaked in the appropriate
liquids on top of the nylon mesh. This had the
' advantage of preventing condensation on the side of
the tube which might trap the insects by their sticking

to the sides.

Solid food could be included in the tube

together with the crumpled paper.

Three stoneflies were kept in each tube and
several tubes were used for each of the experimental
conditions. The tubes were inspected daily and fresh

food and water were supplied as appropriate. Flies
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which received food were given either 1% sucrose
solution on the cotton wool balls or were given
pieces of sycamore bark on which there was

. Pleurococcus as_ﬁell as small pieces of lichens.

All the specimens were given water on the cotton
wool balls. As flies diéd they were removed and
preéerved in 4% formaldehyde after wetting in
alcohol. The day of death (i.e. day after capture)
was recorded'in all cases and tables were compiled
from these records to see: if. there was any correl-
ation betweenilength of life and availability of

'food and water.

The experiments were repeated two or

three times during the flight period of the commonest

species, L. fusca.

Table 11 summarises the effect of sucrose
and water versus water only on survival in
A. sulcicollis. The full data for this experiment

on A, sulcicollis are given in table XXIX in appendix III

and this shows a very heavy mortality rate in all specimens,
fed and unfed, male and female on day one suggesting

that a high'proportion of the specimens suffered some
serious injury as a result of capture. - It was for this
reason that in summarising the results it was decided to
ignore the deaths of flies taking place on days one and

two after capture. The results were summarised in two
ways, a) by the of—the maximum observed number of days

survival, b) the mean number of days survival ignoring
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those specimens dying in the first two days.

Table 11.

Summary of effect of sucrose and water versus water

only on survival of adults of A. sulcicollis.

Diet Maximum observed survival in days.
Males, Females All specimens
Water only 12 4 12
1% sucrose 15 2g 26
solution
Diet Mean survival in days.
Males Females All specimens
Water only 8.33 4.00 5.4l
1% sucrose
solution 19.00 17.40 18.43
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Data obtained from the several experiments
on L. fusca were summarised in table 12, the full

data from all experiments are given in table XXX in

appendix III,. As in the case of A. sulcicollis, unfed
specimens died very much quicker than fed specimens.
Again the results were summarised in two ways (see
table 12) and again. data regarding specimens djing on
days one and two of the experimeht were disregarded

when working out the mean number of days survival.

A further experiment was carried out with
specimens of L. fusca captured at Wearhead and Witton
Pafk on the same occasion to see if there was any
difference in the survival rates of fed flies at
pigh and low positions on the river. Table 13
'summériées theidata obtained and with the exception
0of one female specimen from Wearhead which survived
26 days under the experimental conditions, survival
-rétes of specimens taken at Wearhead and Witton Park
were very closely related. The full results of this

'Jexperiment are given in table XXXI in appendix III.

In addition to the experiments carried out
:on A; sulcicollis and L. fusca other observations
‘were made on the survival of the less numerous species
under various dietary conditions. These observations
' aré summarised in table 1i4. It is interesting to

‘note the length of life achieved by such members of
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Table 12.

Summary of the effect of various diets on the survival

of adults of L. fusca,

Diet Maximum otéerved survival in days.

Males. Females.' All specimens.
Water only .10 10 10
1% Sucrose 2L 27 27
solution. }
Pleurococcus 15 20 20
and water
Diet Mean survival in days.

Males. Females. All specimens.
Water only 5.46 6.21 5.69
1% Sucrose 12.82 11.72 12.47
Solution.
Pleurococcus .42 9,31 8.72
and water '

Table 13.

Summary of survival rates of adult L. fusca at a) Wearhead

and b) Witton Park..

Station. Maximum observed survival in days.
Males. Females. All specimens.
Wearhead 14 20 20
Witton Park 15 12 15
Mean survival in days.
Wearhead 8.56 10.11 9.11
Witton Park - 8.20 7.75 8.07
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TABLE 14.

Observed maximum survival in days of the rarer species of

stoneflies under various dietary conditions.

Days survival.

Species. Diet. Males. Females.
L. inermis Water only 16 13
L. inermis 1% sucrose solution 29 27
L. inermis Pleurococcus + water 24 33
L. moselyi 1% sucrose solution 11 7
L. hippopus Water only 11 17
L. hippopus Pleurococcus + water - 11
L. geniculata Water only 9 10
P. praecox Pleurococcus + water - 18
P. praecox Water only - 3
P. meyeri 1% sucrose solution 1
N. erratica Pleurococcus + water 13 -
N. cambrica Pleurococcus + water - .1
N. picteti 1% sucrose solution - L
. risi 1% sucrose solution - L
. grammatica 1% sucrose solution 26 22
. torrentium 1% sucrose solution 17 16
. torrentium Water only 13 L
P. microcephala Water only 14 5
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the sub-order Setipalpia as I grammatica and C. torrentium

when liquid food was made available to them, (see

table 14). In both cases the length of time survived
would seem to indicate that in the event of liquid food
(e.g. nectar, honeydew on leaves) being available these

.species seem to be able to utilise it to prolong adult

life,
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V. Correlation between feeding, length of life and

degree of ovarian maturation.

In an attempt to investigate the influence |
of .feeding and length of time required to mature the
eggs, female stonefliés of known age in days after
eémergence, were dissected and the size of the eggs was
measured using an eyepiece graticule. Some of the flies

had been fed on Pleurococcus or 1% :Sucrose solution while

others had been given water only. Any difference in the

degree of development of the eggs was noted,

The main species used in these investigations
were A, sulcicollis, L. inermis and L. fusca but
observations were made in several other -species as well.

In the case of A.sulcicollis a preliminary

experiment revealed that if a sample of adult females'
were to be divided into five groups, each group being

given water to drink and Pleurococcus on sycamore bark

as food, and then the specimens kil;ed in groups on days
0,2,4,6 and 8 after emergence, two things could be seen
wﬁen dissections were performed. Firstly there was a
definite increase in egg dimensions with time and
secondly greater numbers of eggs were ripened causing the
ovaries to increase in size s0 as to eventually project

forwards into the thoracic region, (see table 15),
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Table 15.

Summary of preliminary investigation into feeding and

maturation of eggs in females of A.sulcicollis(Experiment I).

Days after Size of largest Extent of
emergence. eggs present. Ovaries.
0 1754 x 175 M Abdomen half filled
2 2404 x 200 M Abdomen filled
A 240 M x 200 M) Ovary filled abdomen
6 2LO0M4 x 200/‘; and projected forward
8 240 M x 200/‘; into thoracic region.

It was noticed that even in newly emerged specimens
there tended to be a few large eggs present but that the
size df the ovary remained small. It was therefore
decided to record not only the size of the largest eggs
present but also to assign the ovary of each dissected
specimen to a size class in the following five point scale

in all future experiments:-

1. rudimentary (extends 1 length of abdomen)

2. poorly deveiOped (extends 4+ length of abdomen)

3. well developed (almost fills abdomen) -

4. very well developed (fills abdomen and extends forwards

into thorax).

5. collapsed (abdomen empty, often telescoped and most eggs laid).

Experiment II was carried out using A. sulcicollis

The number of specimens used was 62 and the date of capture
was 2/7/67. Again the flies were divided into more or less

equal batches and were killed after 0,2,4,5,6 and 7 days.
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The female flies were dissected and the size of the
largest eggs present was measured and the size of the
ovary relative to the size of the abdomen was recordéd
on the five point scale mentioned above. The reéults-
of this experiment are summarised in table lé and are
given in full in table XXXII in appendix III. Table

16 shows that in A. sulcicollis the maturation of the

eggs is a fairly rapid process taking place within the
first two or three days. Indeed the possibility of the
eggs being ripe or nearly so at the time of emergence
was entertained. However dissections of mature larvae
to investigate the state of the ovary just before
emergence revealed that while the ovaries were well
formed they were of small size. Also the eggs were in
.easily recognisable ovarioles and the size of the largest
eggs present was 30 4 x 30 M i.e. about ¥ of the final size.
Another point of difference between the larvae and the
adults was the relatively large amount of fat body in
the larvae compared to that present in the adults.

Table 16.

Summary of development of ovaries and eggs in fed specimens

of A, sulcicollis (Experiment II).

Days after Mean size of |Number of flies with ovaries |Total No.
emergence largest eggs, |{various stages on 5Spoint scaleispecimens.,
. 1. 2. 3. 4, 5.
0 174 4x 150 M4 | - | 4 2 - - 6
2 1934x 1864 | - | 2 5 1 - 8
4 2004 x 200 | - | - 8 2 - 10
5 204M% 1984 | - |1 | 14 - 1 16
6 202Kx 2004 | - | - 6 2 10 18
7 2074 2004 | - | - 2 2 - A
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Similar investigations were carried out on the
maturation of the ovarieé with other species,

notably with L. fusca which emerges in summer.

Some of th; flies were fed on 1% sucrose solution

while others were given water only. Specimens

were not killed off at specific time intervals, but were
allowed to remain in the tubes until their death when
they were removed and preserved till such time as

they could be dissected. The preservative used was

4% formalin.

When dissected the extent of the ovary and
the dimensions of the largest eggs were recorded

together with the length of life in days.

The specimens used in these investigations

| were captured on several separate occasions throughout
the flight period and all the results were pooled.
This was necessary because of the samples being
predominantly composed of male specimens, a fact which
could not be determined in the field. The full data

are given in tables XXXII and XXXIV in appendix III.
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Table 17.

Summary of development of ovaries and eggs in unfed

specimens of L. fusca.

Days after Mean size of Number of flies with ovaries| Total No.of
emergence largest eggs. at various stages on 5-point| specimens
scale, :
M x M 1. | 2. 3. b. 5.

1 137 x 122 - |10 - - - 10

3 112 x 106 1 1 - - 2 4

4 140 x 127 - - 1 - - 1

5 112 x 84 L - 2 - - 6

6 168 x 147 -, - 2 - 1 3

7 125 x 115 L | - L - 1 9

8 159 x 159 - 2 1 - - 3

9 168 x 168 - - 1 - - 1
10 126 x 119 - - 2 - - 2
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Table 18.

of L. fusc

a

Days after Mean size | Number of flies with.ovaries at| Total No. of
emergence of largest| various stages on 5-point scalel specimens
eggs. 1. 2. 3. L, 5.
M x M

1 105 x 96 | 7 - 5 - - 12

2 159 x140 | - - 3 - L 7

3 173 x145 | - - 3 - - 3

4 172 x143 | - - b - 1 5

5 175 x154 | - - 2 - - 2

6 168 =x140 | - - 1 - - 1

7 161 x140 | - - 2 - 1 3

8 196 x168 | - - 1 1 1 3

9 154 x140 | - - - 1 1 2
11 175 x147 | - | - 2 - - 2
12 189 x161 | - - - 1 2 3
13 168 x140 | - - - - 2 2
14 168 x140 | - - - - 9 9
15 None found| - - - - 2 2
16 None found| = - - - 2 2

17 168 x140 | - - - - 1 1
19 None found| - % - - 1 1

20 168 x140 | - - - - 1 1

27 None found| - - - - 1 1

Table 17 and 18 show the following phenomena:-
1) There was a tendency for eggs to be laid in the specimen

2)

tubes by adult females of L. fusca whether they were fed or

not.

Maturation of some of the eggs was still possible in
unfed female L. fusca though specimens with undersized €ggs

were found throughout the experiments.
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3) | Maturation of the eggs was accomplished in all
but a few specimens of L. fusca that were fed, and
this maturation of the eggs was very rapid occurring
within two or three days after emergence (c.f. similar

observations on A. sulcicollis).

4) Many specimené of L. fusca laid the eggs in the
specimen tube (35.5% of fed specimens and 10. 2% of
unfed specimens). If it can be assumed that
distension of the abdomen with ripe eggs is a
stimulus to lay then these figures indicate once more
that feeding after emérgence was a significant factor

in the development of mature eggs.

Again the possibility of eggs being ripened
before emergence was investigated by dissection of mature
larvae of L. fusca which were captured during August i.e.
right in the middle of the emergence period.

The average size of eggs found in these mature
female larvae was lﬁﬂx l5/uwhich represents less thanT';
~of the size of the largest eggs found in female adults.

Therefore as in the case of A. sulcicollis it seems as

though the actual ripening of the eggs takes place in
the first two or three days after emergence though the
ovaries are well formed in mature larvae and éggs are
clearly seen in the ovarioles.

As can be seen from the experiments carried

out on A. sulcicollis and L. fusca, the main work with

regard to the maturation of the eggs of captive adult

stoneflies was carried out on species belonging to the
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sub-order Filipalpia because of the ease of capture and
subséquent feeding and accommodation.

Adult setipalpian stoneflies were difficult to keep
alive for any length of time and were much rarer and
therefore harder to catch in sufficient numbers, both
factérs making it impractical to try to imitate the experiments
carried out on filipalpian épeqies. In any case the
desirability of repeating the experiments with setipalpian
species was in question in view of the generally accepted
opinion of other workers (Hynes,1941; Brinck,1949) that
these species either emerged with well developed ovaries or
matured them quickly without feeding. In isolated cases
however certain of the smaller species of the sub-order
Setipalpia were kept alive for fairly long periods when

given 1% esucrose solution e.g. I. grammatica - 22 days for

one female specimen e.g. C. torrentium - 16 days for one

fémale specimen.

However their inability t§ consume solid food must
severely 1imit the possibility of any significant feeding
occuring after emergence. Therefore it was assumed that
in the case of the Setipalpia the development of the ovaries
and the ripening of the eggs must be accomplished to a great
degree before emergence, the final energy source for their
maturation after emergence being any available fat body laid
down during the larval life,

To test this assumption mature female larvae of
all available species of stoneflies belonging to the sub-order
Setipalpia were dissected to investigate the egg size as

compared with the egg size found in adult female flies.
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In I, grammatica mature female larvae that were

dissected showed well developed eggs. The largest
2
measured 250 Mx 170Mi.e. about § of the fully developed

eggs found in adult female flies.

One mature larva of P. bipunctata captured 30/4/67

had the abdomen full of eggs. The maximum egg size in this
specimen was recorded as 504/4x 365/4, virtually the same
dimensions as were recorded from dissected adult female
fiies. In this specimen 28 eggs were fully developed .and
lshelled and were dark brown in colour. A further 2,000
eggs were estimated as beiﬁg virtually of full éize but
were obviously not completely mature being a light tawny
colour and still largely confined in the lower ends of the
 ovario1es. Many individual ovarioles could be separated
and were seen to contain chains of eggs ranging from
minute undéveloped eggs at the distal end to almost full

sized eggs at the proximal end.

Female larvae of D. cephalotes were also dissected

and it was found that eggs were not only developed in the
final instars but they were present in specimens which
were one or two moults from final emergence. Specimens
captured on February 6th 1971 were dissected and cream
coloured eggs were found which were about half the size

of eggs taken from adult female flies. These eggs were
unshelied and were contained in recognisable ovarioles.
Also there was a subétantial amount of fat body overlying
thé ovary; Specimens captured in late April/earl& May
were also dissected and this time fully mature, dark brown
shelled eggs were found packing the posterior half of the

abdomen with the anterior part of the abdominal cavity
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filled with eggs of a lighter colour but still very

well developed and of mature size, |

Similarly female larvae of P. microcephala

.were dissected and again mature eggs were found in
quantity packing the posterior part of the abdomen,
with other eggs which were not so well developed being

found in the anterior part of the atidominal cavity.

To complete the investigation full grown

larvae of C. torrentium were dissected and again eggs were

found at an advanced stage of development the largest
observed being BBQ/IX 250Mi.e. having virtually the same

dimensions as eggs found in mature adult flies.

All these observations therefore.indicate that
the assumption, that in setipalpian species eggs must
necessarily be developed in the later larval stages, is
correct. This is undoubtedly due to the inability to
feed, and therefore the inability to obtain the necessary

energy needed to mature the eggs.
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i SECTION III.

THE EGGS.

The number of eggs developed by fully mature
females was investigated by dissecting énd counting the
ripe eggs contained in the ovaries. Several specimens of
each species were dissected and the egg count range
recorded, the mean number of eggs per count worked out

Fof the épecies and this latter statistic was taken as an
indication of the potential fecundity. In addition the
dimensions'éf the largest eggs present in each specimen

were measured using a microscope and a micrometer eyepiece.

Adult females of setipalpian species were in

very short supply, only two specimens of D. cephalotes

and three specimens of P. bipunctata being available for

dissection.. In the case of D. cephalotes one specimen
was gravid and a very high egg count was made and the

other laid one large egg mass which was collected and

counted. One specimen of P. bipunctata, which had laid
some eggs alreédy, had eggs filling only the hind third

éf the abdomen and therefore had only a very low egg
count, another specimen which was kept alive for five

days laid two egg masses of 164 and 168 respectively

with a twenty four hour interval, while the third specimen
proved to be completely devoid of eggs having laid them

prior to capture.

Egg counts in I, grammatica and C. torrentium

were low and this was attributed to the relatively large
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eggs produced by these two-fairly small species.

The eggs of the species of the sub-order
-§etipalpia that were examined were of variable size

. and shape but ndne were round, Those of I..grammatica,

C. torrentium, D. Cephalotes and P. bipunctata were all

oval in general shape while those of P, microcephala
were tetrahedral. All the setipalpian eggs examined

had adhesive bodies.

The eggs of the filibalpian'species examined
were round in general shape with the exception of those
of B. risi which were oval. Again with the exception
of B. risi all the filipalpian eggs were white or cream;
eggs of B, risi were light brown. None of the filipalpian
eggs had adhesive bodies on the eggs but the whole of the
outer membrane was covered in some sticky secretion which
served to stick the eggs together in Elumps'as they were
extruded by the females and this enabled the eggs to be,
carried in masses on the tip of the dorsally recufved
abdoﬁen. When these egg masses come into contact with
water they broke up scattering the eggs. In all
filipalpian eggs there was a considerablg space between
the egg and the surrounding delicate membréne. Drawings
and photographs of the eggs of certain species of stoneflies
are given in figs. 29 - 33.

Details of the eggs of each species examined now
foliqu:-

1) Amphinemura sulcicollis.

ﬁsg counts  295; 400; 300; 270; 490; 220; 350; 305; 470;190;210;

Maximum.egg count:- 490,
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2)

3)

L)

5)
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Range of egg counts: - 190. - 490.

Mean egg count = 318.

The eggs were round, white and with a 1arge space
between the egg and the membrane. There were no
adhesive bodies.

Size of egg was 160Mx 133 U

Size of egg and membrane 200M x 200 M

Protonemura meyeri.

Egg counts:- 395; 269; 317; 178; (317 was a laid egg mass).
Maximum egg count:- 395.

Range of egg counts: -_178 - 395.

Mean egg count = 290.

The eggs were round, white and had no adhesive bodies.
Size of egg l40Mx 140 M |

Size of egg and membrane 2004 x 200 M

Protonemura praecox.

Egg counts;- 934 only one specimen available.
The eggs were almost found, cream and had no adhesive bodies.
Size of egg 140M x 140M

Size of egg and membrane 196M x 168 u

. Nemurella picteti.

Egg count:- 713 only one specimen available.

The eggs were found, white and had no adhesive bodies.

Size of egg 230/4" X 230/4

Leuctra inermis.

Egg counts:- 256; 367; 265; 170; 97; 69;
Maximum egg count:- 367--

Range of egg counts: - 69 - 367.

Mean egg count = 204,
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The eggs were'almost round, white and had no adhesive

bodies.

Size of eggs 196 M4x 168

Leuctra hippopus.

‘Egg counts:- 310; 294; 275; 75 (75 was a laid egg mass).

Maximum egg count:- 310.

Range of egg counts:- 75 - 310, .

Mean egg vount =239

The eggs were almost round, white and had no adhesive
bodies.

Size of eggs 196 Mx l6§/4

Leuctra fusca.

Egg counts:- 1020; 585; 380; (585 was a laid egg mass)
Maximum egg count:- 1020.

Range of egg counts 380 - 1020.

Mean egg count = 662

The eggs were round, white and had no adhesive bodies.

Size of eggs 196 Mx 1681

Leuctra geniculata.

Only one female specimen was available and was found to

contain only a very few eggs. Size of eggs present
1684 x 140 M

Brachyptera risi.

Egg counts:- 492; 200.
Maximum egg count:- 492.
Range of egg counts 200- 492.

Mean egg count = 346

The eggs were'oval, light brown and had no adhesive

bodies.

Size of eggs:- 266Mx 196 M
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Isoperla grammatica.

Egg counts:~ 205; 165; 115; 146; 199; 74.

Maximum egg count:- 205,

Range of egg counts 74 -~ 205.

Mean egg count = 151

The eggs ﬁere oval, brown and adhesive bodies were
present and were concentrated on an adhesive anchor
plate connected to the main egg body by a narrow

neck of tissue.

Size of eggs:~ 330Mx 266 U

Chloroperla torrentium.

Egg counts;- 189; 90; 58; 86; 53; 40; 35; 22;
Maximum egg count:- 189.

Range of egg counts 22 - 189.

Mean egg count = 72

The eggs were oval, yellowish brown, and adhesive
bodies were present on an anchor plate at one end
of the egg.

Size of egg 330 U x 252/0(

Dinocras cephalotes.

Egg counts:- 2,535; 938 (938 was a laid egg mass).
Maximum egg count:- 2, 535,
Range of egg counts 938 - 2535,

Mean egg count = 1737

The eggs were oval, dark brown and adhesive bodies
were present on a distinct anchor plate connected

to the main egg body by a neck of tissue at one end.

Size of eggs 47§Mx 336/£
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13) Perla bipunctata.

Egg counts:- 194; 332 (332 consisted of 164 and 168
laid egg masses).

Maximum egg count:- 332 obviously not an indication
of the potential of this species takiné into account
the size of the mature female flies and the size of
the eggs which are roughly the same size as those of

Dinocras cephalotes. The abdomen waS'é filled

suggesting previous egg laying had already taken
Place. The eggs were oval and very slender compared

with those of D. cephalotes, with a tendency to ve

pointed at the opposite end to the adhesive disc.
- The eggs were brown in colour.

Size of eggs 532 Mx ZSQ/A

14) Perlodes microcephala.

Egg counts:- 1224; 1017; 814; 1269.
‘Maximum egg counts:- 1269.
Range of egg counts 814 - 1269.
Mean egg count = 1081.
The eggs were dark Brown, almost black with a very hard
shell. They were tetrahedral in shape with adhesive
bodies present on an opaleéeent basal disc on one of the
faces of the tetrahedron. The shape of the eggs .
permitted very efficient packing of the eggs into the
abdomen leaving very little space_befween them.
Size of eggs:- 4u8Mhigh x 42QMside of base.

All daté relating to numbers of eggs and size of

eggs of the foregoing species are summarised in table 19,
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Table 19.

in

the commonest stoneflies.

Species. Egg Numbers No. of Typical dimen-
counts sions (M) of
fully ripe eggs.
Range of counts |Mean egg
No.
A. sulcicollis 190 - 490 318 11 240  x 200
P, meyeri 178 - 395 _ 290 5 200 x 200
P. praecox 934 (1 specimen) - 1 196 x 168
N. picteti | 713 (1 specimen) - 1 230 x 230
L. inermis 69 - 367 204 6 196 x 168
L. hippopus 75 ~ 310 | 239 A 196 x 168
L. fusca 380 - 1020 662_ 3 196 x 168
L. geniculata (1 specimen with{only few [ripe eggs)l 168 .x 140
B. risi 200 - 492 | 346 2 266 x 196
I. grammatica 74 - 205 151 6 330 x 266
C. torrentium 22 - 189 72 8 330 x 252
D. cephalotes 938 - 2535 21237 476  x 336
P. bipunctata 194 - 332 263 2 532 x 280
P. microcephala 81y - 1269 1081 I 448  x 420
(high) (base)
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Discussion of adult life, feeding and egg maturation.

Mertens (1923), Schoenemund (1924),) and
Kuhtreiber (l934)all stated that no adult stoneflies
fed and that the reason for this was the fact that
the mouthparts were degenerate. While these statements
are true for the laiggr setipalpian species, they are '
éertainly not true for the smaller'filipalpian species.
In these the mouthparts are quite well developed and
functional, Neﬁcomer (1918), Frison (1935), Hynes (1941
and 1942), Brinck (1949).

Hynes (1942) working with N. cinerea was able

to show that feeding prolonged the lives of both male

" and female specimeﬂs by a factor of 8x the life expectancy

of starved flies given water only. Whether the flies were

: allowed to mate or not had no significant effect on the

lengﬁh of life. Brinck (1949) was able to confirm Hynes'

view that feeding not oﬁly prolonged the life of filipalpian

species but that it was essential for the maturation of

- the eggs. Brinck also observed feeding in the field by

the following -species:- B, risi, T. npbulosa, Capnia bifronms,

C. nigra, L. fusca, L. hippopus, L, nigra, N. borealis,

N._cinerea, N. erratica, and Nemurella picteti. This

| study has-subétantiated the work of Hynes and Brinck:

-experiments on A. sulcicollis and L. fusca ‘showed that

- feeding prolonged the life of both male and female adults

but to a lesser degree than was observed by Hynes (1942)
for N. cinerea. The eggs of fed specimens also matured

satisfactorily and very rapidly while those of starved
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specimens did not mature satisfactorily. Maturation
of the eggs was not completely halted by lack of food,
-some eggs managing to grow possibly using fat body as
' the necessary energy source though the ovary itself

remained very small.

It is generally agreed that the Setipalpia
do not feed as adults because of the degenerate state of
the mandibles though Brinck (1949) observed that the
-degeneracy of the mandibles of setipalpian species was
graded, the larger Perlidae and Perlodidae having only
membranous rudiments with only slightly indicated or no

teeth, while Isoperla and Chloroperla although having

distinctly reduced mandibles still possess definite
teeth slightly chitinised in Isoperla and more heavily

in Chloroperla. Brinck further records food in the

gut of specimens of C. burmeisteri, a Swedish species.

No observations of solid food in the guts of any setipalpian
species have been made in this study but specimens of

I. grammatica and C. torrentium were shown to be able to

utilise liduid food (1% sucrose solution) and so prolong
their lives.. Presumably sﬁall quanfities of dissolved

food e.g. honey dew froﬁ aphids or nectar, will be available
from time to time in the wild and use of such food might
well prolong life and iﬁcrease the incidence of mating in
the smaller setipalpian species. Maturation of the eggs of
such species would not be helped in this way however as
dissections of mature female larvae showed that the eggs
were almost fullf developed before emergence. Brinck

(1949) dissected newly emerged adult females and he also

noted fully developed eggs. .
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Since the members of the sub-order Filipalpia
have been shown to need food in order to successfully
mature the eggs, Brinck speculated that species
emerging in winter would be setipalpian rather than
filipalpian. This however was:not so, all species
emerging in winter.being filipalpian even though food
‘sources were very scarce indeed in the Swedish winter.
Examination of the emergence and flight periods of
British material reveals a similar pattern i.e. only
filipalpian species emerge in winter, the Setipalﬁia

emerging in spring.

Ulfstrand (1968) gave flight periods for
Swedish stoneflies and as might be expected the general
téndency when compared with observations on British
material is for the flight periods to be somewhat later
in the year bécause of the much mofe prolonged.and
severe winter. This applies mainly to those speciés
having an hiemal development followed by emergence in

late spring.

e.g. A. sulcicollis ~ late May - early July - this study:

early July - early August - Swedish
material (Ulfstrand 1968)

e.g. P. meyeri - late May - early July - this study:
early June - late July - Swedish

material (Ulfstrand 1968)

e.g8. 1. grammatica. - late May - early July - this study:
' mid June - mid September - Swedish

material (Ulfstrand 1968)
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‘Aestival developing species are not so markedly
~displaced in their flight periods_by the differing climatic

conditions in Sweden and Britain.

: e.g..L. fusca.= late June - late October - this study:
mid July - Novembér - Swedish material

(Ulfstrand 1968).
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Summary.

It has been established that retardation of growth
rate occurs during the winter months in at least

some stonefly larvae, notably A. sulcicollis,

L, inermis and I. grammatica. This retardation

occurred at both high and low levels of the river,

but was more marked at the upper stationms.

The growth rate of larvae of the larger stoneflies
belonging to the family Perlidae which have a three

year development seems unaffected during winter.

Larval populatioﬁs 6f B; risi sampled in early spring
were sﬁown to be markedly bimodal as regards body
length indicating the composite nature of the
population with regard to size.'

Succession of species éf the genus Leuctra throughout

the year was shown with regard to four species,

namely L. hippopus; L. inermis; L. moselyi and

L. fusca in that order.

Emergence of the smaller filipalpian species was
accomplished on stones at the waters edge but the
larger Setipalpia were often observed emerging some

distance from the water e.g. I. grammatica in bushes

and D. cephalotes on breakwaters etc.

Well defined ovaries and eggs were demonstrated in

mature final larwvae: of A, sulcicollis though the

maximum egg size observed in these larvae was only

I
. about § of the size of mature eggs found in adult

female flies.
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Experiments with adult flies revealed a marked
prolongation of life with feeding in both

A. sulcicollis and L. fusca. Certain other

species also showed the tendency towards a .-

longer life if given food.

Certain species of adult Setipalpia seemed able

to utilise liquid food.

Maturation_df the eggs of A, suicicollis and

.L. fusca was seen to be encouraged by feeding

and although not entirely prevented by absence -

of food, seriously impaired in starved specimens.

The process of egg maturation was seen to be very
rapid occurring in the first two or £hree days of

adult life.

In filipalpian species-almést all the eggs were

laid in a single egg mass. In the lérger éetipalpian
speciés hore thaﬁ one.laying was observed.and
dissections of adult females often revealed two

distinct bodies of eggs, a hindmost fully mature

‘batch in front of which were many paler often

unshelled eggs obviously not ready for laying.

Mature female final larvae of éetipalpiaﬁ species
were dissécted and were seén to contain many fully
mature eggs and maﬁy almost-mature eggs, i.e. the
eggs were developed to'fuillsize in the larvae and
merely needed fertilisation,. following the emeréence'

of the adults, before being laid.
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Mating behaviour was observed in both filipélpian
and setipalpian species and followed the same
géeneral pattern, namely, pursuit of the female

by the.male; mounting on thé female's back and

clasping round the wings and thorax by the male;

~a downward curving of the male abdomen round that

of the female so as to-place male and female
genitalia in the correct position for exchange of

sperm; and final separation.

The egés of 14 species were déscribed and a comparison

'was made between those of filipalpian and setipalpian

species for size and structure.

Egg counts were made for the various species by
dissecfing-mature female flies, or by collecting
laid-egg masses from the walls of the tubes in which

female flies were confined during experiments.
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APPENDIX I.

Tables giving data of measurements of stonefly larvae.
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APPENDIX II.

Tables giving data for calculation of percentage change

indices for larval growth rates.
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APPENDIX III.

Tables giving data on length of life of fed and starved adult

stoneflies and on degree of ovarian maturation in each case.
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TABLE XXTX.

Effect of sucrose and water versus water only on

survival in A.sulcicollis.

1) Water only. (8males and 13 females = 21 stoneflies used).

Days survival. Males Females All specimens.
1 L 2 9
2 1 2 3
L 1 6 7
9 1 0 1
12 1 0 1

2) Sucrose and water (14 males and 13 females = 27 stoneflies used).

| Days survival. Males_ Females All specimens.
1 3 7 10
2 2 1 .3
7 1 0 1
8 1 0 1
10 ' 0 1 1
11 1 0 1
13 2 0 2
14 _ 1 0 1
15 3 1 b
17 0 1 1
19 0 1 1
26 0 1 1
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TABLE XXX

Effect of sucrose and water, versus Pleurococcus, versus
"Water only on length of life of L. fusca.

1) Water only. (77 males and 35-females = 112 stoneflies used).

Days survival Males. Females. All specimens.
1 11 6 17
2 3 0 3
3 6 L 10
I 15 1 16
5 18 6 24
6 5 3 8
7 11 9 20
8 4 3 7
9 3 1 4
10 1 2 3
2) Sucrose and Water. (75 males and 35 females =110 stoneflies used).
Days survival Males. Females. All specimens.
1 8 6 14
2 4 0 7
3 1 3 L
L 5 3 8
5 L 0 4
7 3 3 6
8 2 2 I
9 2 0 2
10 4 0 L
11 1 1 2
12 3 2 5
13 L 2 6
1y 5 5 10
15 5 2 7
16 11 2 13
17 L 1 5
18 2 0 2
19 0 1l 1
21 3 0 3
24 1 0 1
27 0 2 2 .

3) Pleurococcus & Water (44 males + 25 females = 69 stoneflies used).

Days survival Males. Females., All specimens.
1l 16 6 22
2 L 6 10
L 3 2 5
5 5 2 7
6 1l 1 2
7 3 0 >
8 L 1 5
9 1 2 3

10 2 Q 2
11 0 1 1l
12 2 1 3
13 1 o} 1
14 3 2 5
15 1 0 1
20 0 1 1
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TABLE XXXI.

Comparison of survival in days of fed specimens.of
L. fusca at Wearhead and at Witton Park.

1) Wearhead. (27 males + 18 females = 45 stoneflies used).

Days survival Males. Females. All specimens.
1 9 L 13
2 2 5 7
b 3 1 b
5 1 2 3
6 1 0 1
7 2 0 2
8 2 1 3
9 1 1 2

10 1 0 1
11 0 1 1
12 2 0 2
13 1 0 1
14 2 2 4
20 0 1 1

2) Witton Park (20 males + 7 females = 27 stoneflies used)

Days survival Males Females All specimens.
1 7 2 9
2 2 1 3
L 0 1 1
5 L 0 L
6 0 1 1
? 1 0 1
8 2 0 2
9 0 1 1

10 1 0 1
12 0 1 1
14 1 0 1

1 0 1

15
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TABLE XXXII.

Showing development of ovaries in fed Amphinemura sulcicollis.

DAYS ‘N SI1Zg OF
AFTER oF LARGEST EGGS RELATIVE STATE OF OVARIES
MERGEN FLIES M x M

a] 168 x 140 [ FPoorly developed. Abdomcn hot¥ Hiled
168 = 1%0 Fg,'T_, well Jgﬁlwg, ore than holf Icqbf of _abdomen .
168 = iko [P d A h illed.

(O
0

0

168 = 1vo
73 = [lto
£l 200 = i8¢
a] 200 x 165 [We Abdomen almosh
bl 18¢ x ito | P Abd one J
cl 200 x 200 2l develosed . Abdomen olmo 1y
y 200 % 260
2 8 200 X 200
f| 200 x 200
160 x 160
h|] 200 = 300
0] 200 % 187
b] 200 x 2i3
€] 213 = 200
dl 200 = 187
4 'O | 200 x 200
f| 200 x 200
9] 200 x 200
h| 200 x 200
200 x 200
J| 200 2 200
133 % 1320

200 = 200
213 x 200
200 ™ 200
23 % 200

i

13 = 200
13 = 200
213 = 200
226 x 213 deve/dpeel . boe
213 % 200 |Very well'de Jo,- extends inko Shora

200 X 200 off de A a./n-ol‘
& s [aft -

f| 2i3 = 200
9] 200 x 200
5 I(‘) h|] 213 » 200
i] 213 % 200 |
] ase x g7 ]
K] 213 x 200
Ll 2/13 = 200
™)
n

IT

slefo]

200 x 200 |Abdome. 5 2 n by o g Y-
200 x 200 lul omen al ul' mm lof
200 X 200 ovfone 0, £
200 _x_ 213 | I develope mm 1Y
200 x 200 |A et
200 x 200 [} 0 fy S

200 X 200 - . O Py

6 I8 il 213 x 200 |W v . most /i
2.00 A

200 x
2:3 x_ 200 hwoll developed. Abdoman elmest Funll
200 bhd . Onlt LY E.

jFjon o.In

x goo
200 X 200 / A i ‘ £6,
200 » 200 ohed - nds ;e thorax
200 X 200 n [4 . Onl\ £oF ] /3
200 X 200 Ol Yy (2
200 x 200 o, d, o3 /A

| 200 x 200 Ab 1
213 > aoo .Ov g ink hor

2/3 x__ 200 | inko__thorax
200 = 200 [Wel d ‘\ICLOP‘J Abdomen _olmost il.

AAER

-3 O

y
~
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TABLE ¥XXIII.

Showing development of the ovaries in unfed specimens of

Leuctra fusca.
- DAYS N® Si1zZE oF
AFTER oF LARGEST RELATIVE STATE OF OVARIES.
EMERGENCE| FLIES eaas. (M)
al 1o x 12 [Rerly :Iwela,u{ Less than % /eﬂﬂ\ of abdomen.
bl 168 x 140 ?oor’q Jevclopd Less than % /en th of abdomen
el ko x 129 P..,-}v ngelo . Less than £ lonotl of wbdomen |
d| o x 121 Poor’; deve/-poa{. Less M‘! IGMM- of abdomen.

l - , O € Ha = 2 Vel'v po JG\BI a[am /G“ Mlu ";- /en l"aﬁa‘zlon‘-\.
£l 127 x n2 B,C/V LLess l-‘sn. z h:g“. juglauen.

121« 12 Bk’ developed . Less thanh kngth of oddomen
h| w0 x 121 (B, } de . Less L%;Q,J]. /engt‘L of abdomen:
t| w0 x 121 IR, velopgd. Less ﬁsn. z. /engﬁg of abdsmen
J| o x 123 Rorz Jeve#a ed. Less bhin 5 krgth of abdomen.
a| o x 121 Bork devel. 55 than £ Jength of abdomen
bl 8¢ x 84 oped Less bhan % fenh of abdomen

3 4’ C Nonc #ow\i Alulo-e.. empb 45 /q.cJ h\ ﬁ:le aé? . -
d Nu\q_ 'Pevmd. ALJM GE‘PL¥, ’;I Iﬂme éﬁ gcé%gs

L I [afimo x 127 Rird vlg[[ Jg\lelogeJ Oary £ills abdomen -
a8 = 1w0 [We arary 7e Ils abdomen
bl 168 x ko \Js” Je\letoggd ng ﬁ”s A.LJomen )

5 L c| 84 x &6 . Less t‘ﬂnu & fengbh of abdomen
d| 84 x s¢ 50 ploped ss _[on & len o;ejdo-\en
e| % x S \en o m o Less than % /eni“ of apdo man
£l 84 x st ; o de.vo/rnon 055 har ns of  abdomen ‘
al 168 x 140 (Wl Jeve[yd- 0w.n, -A//s G‘Jonen

6 3 [b]#s x 15 el dewv, / do men
¢ [ None found. Abdomen e . Eqgs AI.J in bube
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TABLE XXXIV.

Showing development of the ovaries in fed specimens of Leuctra fusca.
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