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An investigation of the spring and summer diet of feral

mink (Mustela vison Schreber) in riparian and coastal habitats,

ABSTRACT

A total of 375 mink scats were collected from
two riparian areas in Northumberland and a coastal site in
Galloway during the period from April to July in order to
investigate the composition of spring and summer feeding of
mink. In the riparian habitat, the initial order of importance
‘wass- fish, mammal, bird and amphibian during the summer, - —-
thoughg the mammal group doubled in importance, At Galloway,
a temporal variation in the diet was indicated, with
lagomorph increasing in importance whilst fish and crab
decreased. It was postulated that whilst the riparian diet
was largely determined by prey availability coupled to some
-extent with preference for particular species, the variation
in the coastal diet may have been due to the varying
requirements of a female and kitso
The radio-tracking of a juvenile malé highlighted
the unreliébiiity of using scats and tracks as indicators
of mink activity. The tagged animal exhibited a mainly
diurnal activity pattern with much exploratory behaviour, and
it was suggested that the former may have been the résult
of maternal influence whilst the latter indicated attempts
at territory establishment or the initiatien of dispersion.
There was apparently no competition bethen mink and
otter in the riparian habitat, but it is a distinct possibility

in the coastal habitat and merits further investigation,
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INTRODUC TION

The American mink, Mustela vison Schreber;, is

a momber of the family Mustelidae and shares sub-generic

status with the European mink, Mustela lutreocla L., The

mink is a semi-aquatic carnivore inhabiting riparian,
lacustrine, ectuarine and coastzl hebitats throughout the
temperate forest zones of North America. feral populations
of M, vison have become established in Northern Europe and

may have contributed to the reduction of M. lutreola's range

“in Fimland and Russia as the two species have many features
in common, including habitat preference and diet (Novikowv,
19623 Westman, 1968),

The mink has the typically long thin body of
the mustelids. The natural pelage is a dark brown, almost
black, with variable chin spots which facilitate individual
identification by means of their characteristic pattern.
Commercial breeding has exploited several mutations, houwever,
and coat colours now range from Pastel and Silver-8Blue to
the natural colouration, dark brown and less caommonly Silver-
Blue being the most frequent in feral populations (Cuthbert,
19733 Birks, pers. comm.). It is similar in size to the

polecat, Mustela putorius L., males weighing 950 g and

measuring 400 mm head-body length, whilst females are
considerably smallérg 580 g and 350 mm respectively (Heuwson,
1972), Despite their aquatic predilection, mink show feu
adaptatiqns pertinent to amphibious behaviour., The feet are
no more webherd than those of the wholly terrestrial polecat,
although the pelage contains o greater proportion of guard

hairs. Although aquatic vision is inferior to that on land,
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Dunstone and Sinclair (1978) have shoun that, if the mink
limits its aquatic hunting to bright light conditions, it
is at no greater disadvantage than wuwhen hunting eon land in
twilight., In addition, Poole and Dunstone (1976) have
postulated that the observed hunting method of prior fish
location from a terrestrial vantage point (Herrick91892)
may be a behavicural means of compensating for this poor
vision,

The American mink was introduced into Europse in
the 1920%s when a number of fur farms were established.
Yoon after its introduction, escapes of Tanch mink -
occurred in many countries as a result of inadequate
security. feral populations became established in Sweden
in 1928 (Gerell,1967a), in Narway in 1930 (Wildhagen,1956)
and in Britain in 1938 (Thompson,1968), and have been
reported in Iceland (Gudmunsson,1952); Finland (UWestman,
1966) and Ireland (Deane and 0'Gorman,1969).

The first confirmed report of feral mink breeding
in Britain was in 1955 (Linn and Stevenson,in press). Being
an opportunist and generalist carnivore, mink spread
rapidly along water courses, as dispersing juveniles and
transients extended the range., In Devon, Linn and Stevenson
(in press) describe a tuwo-stage colonization in which mink
were initially restricted to the Teign valley, possibly
due to the lower carrying capacity of the headuwaters. The
second phase was an explosive dispersion during which mink
migrated long distances to find favourable habitats,

Mink are associated with freshwater habitats,
particularly streams and rivers where there is considerable
vegetation cover (Errington,1961; Southern,1964), Hall

(1928), Gerell (1968) and Hatler (1971) have also described



coastal populations in the United States, Canada and
Suaden respectively.

In Eritain, mink are similarly associated with
fresh water (Thompson,1968), although Cuthbert (1973) has
reported the presence of coastal mink on the rocky shores
of Lewis and Arran and on the naorth-east coast of Scotland
near Aberdeen., Thompson {1971) alsu maintains that,
providing food is abundant, mink may inhabit areas away
from water for some time. Gerell (1970) found, houever,
that they are mainly confined in their activities to areas
~ near watery but during the winter uhen rivers are frozen,
mink may depend on rodents in areas away from water courses
(Gerell,1967a). In addition to their prefemme for aquatic
habitats, mink also require an area which contains
potential den sites (Errington,19463 Gerell,1967a), In
North America, they frequently inhabit deserted muskrat,
Odonatra zibethica, burrouws, uwhereas in Europe eroded tree

root systems and rabbit, Oryctolagus cuniculus, burrous

are favoured,

REPRODUCTION

As it is an orgainism of economic importance,
the reproductive physiology of the mink has been well-
documented (Enders,1952). In ranch mink, mating occurs
from february to March, although from a review of the
literature, Chanin (1976) concluded that the mating season
of feral animals lasts from February to April with a peak
in March, The female may remain receptive for three weeks
after the onset of the photoperiodically-induced ocestrus

and during this time, mating may induce ovulation,
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In addition to being induced ovulators, mink also

exhibit delayed implantation which restricts births to

a liﬁited period fullowing a post-implantation gestétion
time of 2733 days., The litter size of ranch mink is 3=6
kitsg a similar range has been reported from feral
populations (Gerell,19715 Chanin,1976)., Parturition
occurs in late April/May and the kits remain with the
mother until late August wuhen they begin to dispersep and
finally reach sexual maturity at ten months., Enders (1952)
repgfps that a female may remain fecund for seven years
breeding every year, thus the poﬁential for population

increase 1s vast,

TERRITORY AND ACTIVITY

Mink are solitary except during the breeding
season and tend to be territorial, The size of territory
varies according to the suitability of the habitat, but
the mean sizes found by Gerell (1970) were 2°63 km and
185 km of stream for an adult male and adult female
respectively. There is intrasexual conflict over territory
and a female may hold a territofy against a male for some
time (Gerell,1970), particularly during pregnancy when
aggression is increased (Maclennan and Bailey, 1969).
Gerell (1970) concluded that, in his study area, population
density was the main factor controlling home range size.
Chanin (1976) noted that although food availability was
relatively lower on his study area than that of Gerell's
(1970), the territory sizes uere only 20% larger, and he
postulated that territory size was limited by an energetic

constraintyafter which point increased food intake did
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not compensate for the energy consumed in patrolling the
boundaries,

Gerell (19709 found a weak correlation betuween
home range size 2nd the number of dens used, the averags
number per territory being three, whilst Schladweiler and
Storm's (1969) radiotracking study recorded the use of
thirteen different dens by a female and her kits. The
daily movement pattern recorded by Gerell (1969) consisted
of a seriesg of oscillations in which the mink tracked back
and forth in 2 single area before repeating the procedure
in another sector of the territory. The deposition of scats
and scent marks ot territorial boundaries is thought to
discourage intruders (Gerell,1970), but is probably more
effective against resident neighbours thamn transient
animals (Chanin 1976).

Gerell (1969) investigated the movements and
activity petterns of feral mink using radiotracking
techniques. A total of six animals, five males and one
female were tracked for continuous periods of fourtean
days., The males were mainly nocturnal at all seasons, and
the activity peaks.coincided with those of prey species,
The single female showed a low level of activity during
pregnancy and then became diurnal following parturition,
during uwhich time her activity also increased. Gerell (1969)
concluded that individual activity patterns were determined
by a combination of prey availability , reproductive season
and environmental factors.

Hatler (1971) reported that, in a coastal arsa
of British Columbia, mink hunted mainly at low tide and

in Shetland the otter, which has similar habits, was



apparently active at all states of the tide (Watson,1978).
The difference betuesen the hunting activities of coastal
etters and mink can be attributed to their distinctive
hunting strategies; otters actively dive and pursue fish
whilst mink appear to hunt amongst rock pools on the

intertidal zone.

DIET

The feeding ecology of the mink has been in-
completely studied in North America, most of the work concen=
trating on the winter diet. More extensive studies have
been prompted in Europe, houever, where it has been necessary
to discover the impact of feral mink on the native fauna.

Research in America (Dearborn,19323 Hamilton,1936,
1940,1959; Sealander,1943; Guilday,1949; Errington,1954; UWilson,
19543 Korschgen, 19583 Hatler,1971,and Sargent, Swanson and
Doty,1972) has generally shoun that mammals formed the
greatest bulk of the diet, accounting for 32-54% of the items
consumed. Muskrat was frequently the most important species
taken, although Hamilton (1940), Guilday (1949), Wilson
(1954) and Korschgen (1958) report that small rodents were
taken more often. Fish were of secondary importance in all
the studies, except that of Wilson (1954) where they

accounted for 60% of the diet. Crayfish, Astacus astacus,

and frogs alternated in tertiary importance, superceding
birds which contributed only a minor percentage.

In Sweden, Gerell (1967b,1968) found that the diet
of mink varied with habitat and season, the greatest
seasonal changes being in spring and autumn, The results
from nine different habitats compiled over four years showed

tihal fish provided the bulk of the diet, mammals were of



secondary importance, uwith arthropods, mainly crayfish,
third in imoortance, whilst birds and amphibians accounted
for the smallest proportiors of the diet. Fish uwere
pacvticularly important during the winter and spring when
wvater temperatures were low, uwhilst mammals and crayfish
formed the areater part of the summer and auvutumn diets,
and amphibians seemed to provide a buffer food source
during the change from summer to winter diet. The majority
of fish taken were small, perch and cyprinids of less than
15 cm and pike of less than 20 c¢m. Erlinge (1969) reported
a similar size-rtango, -but, in his area, mink appeared to. . -
take greater numbers of smaller fish. In his study, fish
formed a larger percentage of the diet and were important
in spring, autumn and winter, whilst the summer food
consisted mainly of birds. Mammals formed a smaller
proportion of the diet than in Gerell's (1968) study,
possibly due to differences in habitat.

In Britain, Day and Linn (1972) carried out the
first mink diet study on material gathered from England
and Wales, using the technique of gut content analysis,
The order of occurrence of the major prey groups uas as
follows: bird, mammal, fish and crayfish., (The impartance
of fFish is likely to have been underestimated by the study
technique.) There was a significant increase in fish
importance during the summer which contrasts with Swedish
results., Due to the broad nature of this study, however,
little value is gained by considering such details. The
results of Akande (1972), who analysed both scats and gut
contents from a wide area of Scotland, are more similar
to those obtained in Sweden. Fish formed the majority of

prey occurrences, birds were second in importance and
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mammals third. She divided the year into warm and cold
months, May-5eptember and October-April respectively;
during the cold months, fish were of major importance but
decreased during the summer in favour of birdss mammals
remained constant. Cuthbert (1979) collected scats from
three rivers in Scotland and a coastal region., Fish formed
the main food class, and were the most important prey at
all times of the year, Mammals uere the second most
important dietary item, whilst birds contributed a smaller
percentage of the diet. Cuthbert (1979) concluded that

the overriding factor—affecting -mink diet is difference

in prey availablity, and that therefore regional studies
are rarely comparable,

Chanin (1976) and Wise (1978) have both carried
out detailed studies on mink feeding ecology in contrasting
habitats, in order to link diet with prey availability in
a guantitative manner, Their results were markedly different,
possibly because Chanin (1976) used frequency of occurrence
whilst Wise (1978) quoted bulk analysis data. Chanin (1976)
found the order of prey importance on the river Teign in
Oevon to be fish, mammal and finally bird, whilst Wise's
(1978) results placed mammals first followed by fish and
bird., On an eutrophic lake, both authors agreed that fish
were of primary importance followed by birds and then
mammals, though the percentages calculated in the two
studies varied significantly.,

In summary the feeding data from Britain show
that, on an annual basis, fish form the major part of
the diet, the relative importance of birds and mammals
varying according to habitat. There also appears to be

some seasonal variation, but this is less marked than in



Sueden. Generalisations about the specific composition

of the diet are valueless unless the prey availability is
also considered, due to the variatism between habitats,
When comparing results, the methods of analysis and

presentation of results must also be taken into account.

COMPETITION WITH THE OTTER

The decline of the otter population in Britain has
been attributed to competition with mink for prey, territory
and den sites. from an analysis of hunting records,
Chanin and Jefferies (1978) concluded that otters declined
in many areas before mink became established. Recolonisation
by otters may, houever, be affected by the subseqguent
establishment of mink,

Food studies in Sueden have shown that there is a
60-70% food overlap composed mainly of fish., OF the fish
taken by the otter, houever, 30% exceeded the maximum size
of those taken by the mink (Erlinge, 1969). Erlinge (1969)
concluded that during the summer, the mink is less able to
pursue Fasf fish and hence does not compete with the otter,
but may do so during winter when general prey availability
is reduced and fish become relatively more easy to capture
due to low uater temperatures. In a study of the interspecific
relations between mink and otter, Erlinge (1972a) observed
that mink did not succeed in colonising an area where the
otter population was established,

In Britain, Chanin‘(1976)9 Wise (1978) and
Cuthbert (1979) have compared the diets of sympatric mink
and otter, whilst the workers investigating the diet of
mink have compared their results with those published on

atter diet (Akande, 19723 Day and Linn,1972). Day and Linn
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concluded that the mink is probably exploiting an unfilled
niche and is unlikely to compete with any British carnivore,
evein the otter which takes 70-90% of its diet as fish
(Stephens, 1957), Akande (1972) concluded from her

Scottish study that the mink is unlikely to compete with

the otter dues to the amount of terrestrial prey and the

size of prey which it selected. In contrast, Cuthbert (1979)
in an investigation of the diet of both otter and mink in
Scotland found no significant difference betuween the size

or species of fish taken., Chanin (1976) studied the diet of
ctter and mink from two contrasting habitats in Devony, - -
Slapton Leigh, an eutrophic lake and the oligotrophic

river Teign. In both areas, the otter took 90% of the diet
as fish, a prey group which comprised only 55% of mink diet.
As both mustelids consumed a similar proportion of salmonids
and eels on the river Teign, Chanin (1976) concluded that
there is potential for competition. In contrast, the
differing proportions of fish species and the availability
of bird and mammal prey precluded competition at Slapton
Leigh. Wise's (1978) results are similar to those of

Chanin (1976), she recorded a diet overlap of 40%, of which
63% was fish, but with a greater number of large fish
consumed by the otter. At Slapton the 38% prey overlap was
composed mainly of fish (82%): there was no differential

size selection in this area.

Several authors,(Jenkins, Walker and McCowan,1979;
Moors, 19753 King, 1971 and Lockie, 1961) have concluded that
carnivore feeding behaviour varies according to prey

availability within the study area and Erlinge (1969) and
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Cuthbert (1979) assert that this is certainly so for mink,
As little has been done on the diet of feral mink in
Northumherland, it was planned to investigete the summer diet
of mink in this area, uith reference to prey availability,
Although possibly contributing little to the overall
understanding of mink feeding ecology, the local knowledge
of interactions with the prey populations may prove useful
in the management of riparian habitats. In addition,
NMorthumberland has a relatively healthy otter population
(KoElliott pers. comm.,) in comparison with other parts of
England and Wales and-hence provided an ideal opportunity -
to compare the diets of mink and otter.

The occurrence of mink on the Galloway coast may
be due to a recent colonisation and it is possible that the
animal may spread throughout the coastal districts of
Scotland, which are at present inhabited by the otter, and
hence the mink may be 2 potential competitor.

In addition to studying the diet of feral mink,
it was planned to trap and radiotrack an individual to
determine how much time was indeed spent in an aquatic
environment and whether the animal does venture away from
the river. This was necessary because during the early parts
of the study very few scats uere found and it was only
once breeding dens were located that the sample size
increased. Thus it was hoped to gain some knowledge of
mink movements and presence in the area by trapping and
tracking an individual, Knouledge of the regularity of
activity bouts and the distances travelled within a
single period may give some indications as to territoriality
and the catchment from uhich prey is obtainable. (The

radiotracking data are presented in the Appendix 1),



STUDY___AREAS

Scats were collected regularly from two main
study areas, and a third was sampled on 2 single occasian.
The main study was based on a comparison of mink diet from
two sites on the river North Tyne, Chollerford and the
Chirdon Burn, with that from two sites on the Calloway
coast, a wooded area and the Ross Peninsula, During the
initial stages of the study, stretches of the rivers
WWansheck, Font, Blyth, Tees and Greta were also surveyed
__for gigns of minK presence (Fig 1)?ﬂersma11 samp}g of igats
was collected on the river Greta, a tributary of the river
Tees, and on the Tees at Piercebridge. The Greta is a
swift=flowing ocligotrophic stream very similar to the
Chirdon Burn, whilst the Tees has features in common with

the North Tyne, hence only the main sites will be described,

CHOLLERFORD

The study area extended from one kilometre
upstream of Chollerford Bridge (Nat. Grid Ref. NY 8905693)
to the confluence .of the North and South Tyne near Hexham
(Nat, Grid Ref. NY 917661), a total of 3°5 km. The whole
area was searched at least once on both banks during the
course of the study, but as signs of mink were feuw, the
major survey was concentrated on a short stretch of 500 m
from Nat. Grid Ref. NY 9076917 to Nat. Grid Ref. NY 917683,
which appeared to have the highest mink populatiaon,

The North Tyne rises in the Kielder Forest and
flows southe=past to its confluence with the South Tyne at

Hexham, It is an oligotrophic river flowing through an area
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FIG 2 A MAP OF THE CHOLLERFORD STUDY AREA SHOWING THE
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of limestone with an average width of 15 m and a maximum
depth of 3 m in parts of the study area, although this
varies with the waterflouw characteristics. The surrounding
land is agricultural, being mainly pasture interspersed
with small copses. Within the study area there are several

different habitat types, as can be seen from the map, Fig 2.

GECRGE HOTEL AREA

In this area the river is 20 m wide and flous
slouly. The river is bounded by steep banks rising at an
angle of 60 degrees to three metres aboue'meaﬁ—uater level,

Mature sycamore, Acer pseudoplatanus, and alder, Acer

glutinosa, trees grow at the water's edge and overhang the

river forming a dense cancpy to the banks, At low water
levels a muddy track is exposed running parallel to the
river 03 m from the water's edge. The undergrowth consists
mainly of grasses and is sparse due to the shading effect
of the tree canopy. A public footpath runs along the top of
the bank, 5 m from the water, separating the river from a

background of arable and rough pasture land.

THE ISLAND

Below the bridge at Chollerford is a sandy area
of approximately 0°3 ha, known as the "Island", separating
the old mill from the river. The area is dissected by
water runnels and depressions which temporarily fill during
floods forming small pools in uwhich fish become trapped.

The dominant trees are ash, Fraxinus excelsior, and sycamore

with a dense shrub layer of willow, Salix spp., and alder,
)
and a ground flora comprising Petasites hybridus, Lysmachia
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“vulgaris, Centaurea nigra, Rubus fruiticosus, Crepis mollis,
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and Phragmites australis. From the Island down to the

junction with the South Tyne, several different habitat
types alternates-
Parkland:
Areas of open short grass (less than 5 cm high)
reaching to the water's edge scattered with occasional beech,

Faqus sylvatica, and oak, QJuercus spp. Cover is virtually

non-existent apart from an occasional alder at the foot of
the banko,
Open. fieldss. - . -

Similar to the above parkland, but used as rough
grazing (grass 30 cm high) with a complete absence of trees;
the only refuge is afforded by boulders or rabbit burrows.
Pasture with Treess

Open fields of rough pasture with banks of gentle
gradient bounded by a line of trees at the water's edge.
Alder and sycamore are found at the foot of the bank with
beech and oak sesveral metres further from the water. In this
habitat, so0il is eroded from many of the tree roots forming
a complex network of potential dens,

Sand and Scrub:

The banks are predominately sand, often forming
flat sandy beaches, or may be boulder-=streun. The
vegetation is very dense forming a low ground cover to
a height of 15 m, The dominant species are willouw and
alder scrub with incidental sycamore and ash further from

the water's edge. Stands of grasses, Phragmites, Crepis,

Centaurea, and Lysmachia,add to the undergrowth in this

e e

habitat,



17

Trees and Scrubs

Boulders, willow and Phragmites at the water's
edge leading to & tree layer boundimg pasture., Similar to
the pasture and tree habitat, but with a very different,
more densely-covered waterline.
Cliffs with Beech:

There are several areas where the river cuts
through a hard limestone, forming near-vertical cliffs,
There is a heavy tree cover of mixed deciduous woodland species
with a sparse herb/shrub layer, both surmounting the cliff
and at its foot. TR addition to the vegetation, den sites are

afforded by piles of boulders, crevices and caves in the rock,

CHIRDON BURN

The Burn rises in the UWark fForest and flouws in a
north-easterly direction through coniferous forestry
plantations out onto the exposed Chirdon Common. Just prior
to its confluence with the North Tyne, the stream becomes
wooded with fairly dense cover.

It is an oligotrophic burn 7-10 m wide with an
average depth of 1 m and a maximum depth of 1°3 m when not
in spate, The bed 1s covered with largé boulders giving
a turbulent flouw pattern, The sandy banks are steep but only
3 m high, covered with a mixed woodland/waterside scrub
vegetation -of alder, ash, willow, oak, bramble, ferns and
grasses,

Upstream of the Chirdon Burn, the banks of the
North Tyne are covered with a dense scrub layer of alder,

sycamore, willow, bramble and Phragmites. At Bent House

Bridge, the bank type changes dramatically to a



18

RIVER FLOU FOR_THE RIVER NORTH TYNE AT
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preponderance of herb species, Umbelliferae, Compositae and
Lequminae. Phragmites and grasses with small willow shrubs
are also present. At this point, the North Tyne is 20 m wide
and flows smoothly,

The Chirdon site is at no point more than 200 m
from the road and anglers take advantage of the easy access.
On almost each occasion that the river was visited, anglers

were present,

River fFlowg

River flou data for tuwo areas aon_the North Tyne
were obtained from the Northumbrian Water Authority for
the months January to June 1980 inclusive. figure 3a shous
the data from Reaverhill Station on the main river. The
high maximum daily flow rate in February was followed by
a decrease in April and May, partly due to the end of the
vinter thaw, but also correlating with abnormally dry
veather conditions for that time of year. June and July 1980
were the wettest months on record during the summer-for some
years and this is reflected in the much higher maximum
daily flow rate for June compared with that of the preceding
month,

Figure 3b shows data for Tarset Burn, a tributary
of the North Tyne joining the main river at the sams location
as the Chirdon Burn, but from the opposite directian. The
pattern is very like that from Reaverhill Station, and shous
that conditions were similar throughout the region, although
of course gross flow in the tributary is much less than that

recorded on the main river.









FIG 5i A MAP OF THE ROSS PENINSULA, GALLOUARY, WITH THE MAIN SCAT COLLECTION SITES MARKED
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GALLOWAY

Tuo sites were chosen on the west coast of the
Dee estuary in Kirkudbright (Fig.5). The first area consisted
of 1 km of wooded coastline, belaw hich at lou tide
approximately 10 m of rocks and seauweed were exposed, with
numerous small rock pools. The main vegetational species
which formed a continuous dense cover 1 m from the mean
high tide level were :¢-= ash, alder, sycamore, bramble,

dog-rose, Rosa canina aqqQ., sea thrift, Armeria maritima,

sea plantain, Plantago maritima,and sea mayweed, Matricaria

maritima, backed by a mixed deciduous wood of sweet chestnut, -

e St

Castanea sativa, ash and oak with little ground cover, apart

from occasional clumps of brambles and ferns, Jumbled piles
of rocks and eroded tree roots provide a relatively small

number of den sites, in contrast to the riparian areas.

ROSS PENINSULA

The second area, the Ross Peninsula, is a desolate
area of exposed coastline a2t the edge of a steep hillside
rising to 76 m, The:centre of the peninsula consists of »
mixture of arablepirough pasture, and forestry land., On the
south-east side, above the mean high water mark, there is
a 10 m strip of boulders devoid even of lichens. Above this
is an area of rough ground consisting of boulders, scrqb
vegetation, grasses, sea thrift, sea plantain, sea campion,
Silene maritima, stonecrop, 5edum _spp., and bramble,
Interspersed along the rough ground are thickets of gorse,

Ilex spp., and hawuthorn, Cratequs monogyna. At low tide,

rock pools cover a substantial portion of the intertidal

zone, approximately one quarter of the total surface area






being underwater. Seaweeds, fucus serratus and F, vesiculosus,

did not form an extensive rock cover, but uere present in
rock poolss

At the tip of the headland, there is no access to
the south-west side at sea level due to the steep cliffs.
On the south-uwest, the character of the coast changes again
from vertically tilted strata with large intervening rock
pools at Slack Heugh, to a wide boulder-streun, gently=
shelving storm beach about 100 m wide, known as the Bents,
The beach is separated from the lou-lying fields by a short
strip of marsﬁy‘lando The Flatrboulder a;éa has F;Qer rocku_
poals than on the south-east sidey,and the majority of these
are on the spits of rock uwhich dissect the beach. The
seaweed cover is much more extensive than on the south-=east,
possibly because the gentle gradient and numerous rocks
provide more opportunity for attachment, despite the higher
degree of exposure on this side,

On both sides of the peninsula, the large boulders .
and rocky crevices provide a number of potential den sites,

There is, houever, very little vegetation cover on the scuth=

west,

Prey Avallabilitys

It had been planned to census prey populations to
gain an estimate of prey availability in the study area. Due
to the limited time available, houwever, it was only possible
to make observations on the presence and/or absence of the
main prey species., Mammals were recorded by Lpnquorth
trapping and identification of tracks on the North Tynes

visual counts of lagomorphs at dusk were alsc attempted.
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The different bird species seen during visits
to the study areas were recorded and additional information
was supplied by P.R. Evans (pers. comm,).

The species distribution of river fish on the
Noxth Tyne and Tees was made available by the Northumbrian
Water Authority from electrofishing data and records of
anglers? catches.

A rock pool survey was carried out at Galloway at
low tide on two occasions, but remarkably few fish were
found.

Tuo- trap=lines were set-in differing habitat
types at Chollerford on the North Tyne, giving a total of
54 trap-nights. The first site was along the edge of a
cereal field at the top of a 10 m high steep bank 100 m from
the river, and the second site was 20 m from the river at
the foot of a bank in a mixed deciduous and coniferous
plantation, where there was little undergrowth.

The traps were set at 5 m intervals, baited with
wheat and provided with nest material. Fourteen traps were
set on two consecutive nights at Site 1 and during a total

of 28 trap-nights, two bank voles, Clethricnomys glareolus,

three field mice, Apodemus sylvaticus, and one shreu,

Sorex araneus, were caught. At S5ite 2, thirteen traps uere

set on the same two nights in August as at Site 1. A total
of five bank voles, four field mice (two in one trap), and
one shrew were caught during the 26 trap-nights. In addition,
whilst trapping for mink in June, a water vole, Arvicola
terrestris, was caught in the same mink=trap on two
consecutive nightso.

Water vole and small rodent tracks were numerous

at Lhe water's edge. Hed squirrels, Sciurus vulgaris, wers
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seen an several occasions. few rabbits were seen in the
study area on the uest bank of the North Tyne, but a warren
showing signs of use was located. On the opposite bank, a
number of juvenile rabbits were seen from early April

(s, Pickering, pers. comm.) to late August. There was no

direct evidence of common rats, Rattus norveqicus, but due

to the proximity of several farms, it is likely that these

are available to mink,

The following bird species were seen on the

North Tyne :-
Gonosander
Mallard
Little Grebe
Moorhen
Kingfisher
Pied Uagtail
Grey Wagtail
Dipper

Heran

Lapwing
Sandpiper
Curlew
Redshank
Greenshank
Oystercatcher
Pheasant
Partridge
Pigeon

Rook

Woodland birds

Merqus merganser -

Anas platyrhyncas

Podiceps ruficollis

Gallinula chloropus

Alcedo attlis

Motacilla alba yarrellii

Motacilla cinerea

Cinclus cinclus

Ardea cinerea

Vanellus vanellus

Tringa hypoleucos

Numenius arqguata

Tringa totamus

Tringa nebularia

Haematopus ostralequs

Phasanius colchicus

Perdix perdix

Columba palumbus

Corvus frugilequs
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According to the electrofishing data, the

following species are present in the North Tyne 3-

Trout Salmo trutta

Salmon Salmo salar

Stone lLoach Momacheilus barbatulus
Three-spined Stickleback Gasterosteus aculeatus
Fel Anguilla anquilla
Brook Lamprey Lampreta planeri
Cyprinids Cyprinidae

Bullhead Cottus gobio

Trout were the most frequent species, followed by eels.. —_.
No adult amphibians were encountered on the
North Tyne, but in early summer, concentrations of tadpoles,
Rana_temporaria, were found basking in the shallous,
It seems likely that the mammalian and bird
species on the Tees were similar to those on the Tyne, with
the possible exception of some of the waders, Charadriiformes.
The fish availability must also have been
similar, although migratory fish are likely to be less
numerous as few can penetrate the pollution of the Tees

estuary. The main cyprinids are -
¢

Chubb Leucisgus cephalus i‘W
7"/\;. Y '
Roach Rutilus rutilus
: : A
Perch Percha fluviatilis "

On the coast, a rabbit census was carried out
along a 500 m transect at dusk. Only eleven individuals

were encountered. Brown hares, Lepus capensis, were also

present as evidenced from skeletal remains and several
sightings. No other mammals were encountered during the
brief visits,

The sheer cliffs of the Ross Peninsula support
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a sea=bird colony and the following species were recorded:-

Cormorant Phalacrocorax carbo
Shag- - Phalacrocorax aristotelis
Kittiwake Rissa tridactyla
Herring Gull Larus argentatus
Greater Black-backed Gull Larus marinus
Oystercatcher Haematopus ostralequs
Curlew Numenius arquata
Sandpiper Tringa hypoleucos
Knot Calidris canutus
Redshank - Tringa totamus

Rock Dove Columba livia

Rock Pipit Anthus spinoletta

Woodland birds

Blennies, Blennius pholis, butterfish, Pholis

gqunnellus, and rockling, Gaidropsarus vulgaris, were the

only fish species found in the rock pools., In addition,

the shore crab, Carcinus maenas, and edible crab, Cancer

pagurus, were also found,
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METHODS

SCAT COLLECTION

River banks were surveyed for the following
signs aof mink presence: tracks, scats and prey remains,
the locations of uhich were marked as accurately as possible
on 1:2500 maps.

Mink scats have an unpleasant odour when fresh,
and are normally firm and tubular and may have a distinctive
twist if containing fur or feather remains. In instances
where the ideqﬁity of a scg}iuas qpcertaing the scat was
collected but excluded from the énalysiso Where possible,
the whole river bank area was searched, with particular
attention being pald to characteristic sites for scat
deposition, such as stones in mid-stream or by the uwater's
edge, at den entrances, under bridges, on logs and
occasionally on piles of grass (Gerell, 1968).

It was originally planned to visit each study
area at fortnightly intervals in order to investigate
the relative importance of prey species in the diet
throughout the study period. Difficulty was experienced,
however, in finding scats, due to the unusual uweather
patterns producing spate conditions which removed any
mink signs, hence the interval betuween samples became

longer and less regular,

TREATMENT OF SCATS
On collection, the scats were labelled with
date, area, estimated age and site of deposition. The

whole scat was removed intact wherever possible. Some authors
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(Stephens, 19573 Wise, 1978) have pointed out that this
procedure may affect the animals' behaviour. It was felt,
howvever, that sufficient odour would remain in the ground.
The scats were dried at 50° C for 24 hours and wveighed to
the nearest 001 g. Initially, a sample of ten scats was
dried for a further 24 hours., As there was no significant
difference in weights after 24 or 48 hours, the former
was deemed to be a sufficient drying period to obtain
a reliable measure of dry weight. Several authors have
advocated crumbling the dry scat (Erlinge, 1968a; Gerell,
19683 Chanin, 19763 Wise, 1978), but it was_felt that. .
this procedure might damage fish vertebrae, hence the scats
were soaked avernight in a 1% detergent solution to break
down the binding mucous. "Steradent" and sodium hypochlorite
solution have also been used (Stephens, 1957; Webb, 1975;g
Cuthbert, 1979), but it was thought that detergent had the
advantage of being less corrosive. The remains were washed
through a coarse 10 sieve followed by a 60 sieve. The
washed r?mains vere spread in petrié dishes and dried at
500 ¢C prior to analysis. A binoculaf dissecting microscope
was used when separating out the undigested fragments,
Hair and feathers were examined under a microscope.
IDENTIFICATIONIOF PREY REMAINS

Mammalian prey uwas idéntified by hair characters,
after Day (1966),and in some cases teeth and jaw bones
were also diagnostic (Lauwrence and Broun, 1967). The methods
adopted of examining cuticular scale pattern and medullary
configuration, by making qgelatine casts and mounting in

70% alcohol were as described in Day (1966). To obtain
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cross-sections, Mathiak's (1938a) method was used. A hair
was embedded in ethyl acetate on a thin strip of balsa
wood. When the substance was cempletely dry, sections of
approximately 0¢5 mm were cut with a razor blade. A
reference collection of mammalian hair and teeth was
obtained from the Hancock Museum and Sunderland Museum,

Birds were identified from feather remains ,
using Day's (1966) key, in conjunction with a reference
collection., In several cases, houwever, the characteristic
barbules of covert feathers were not available, making
identification impossible. This was particularly so in
juvenile birds which were likely to have been prevalent
at the time of the study. One instance of egg-shell was
confirmed by comparison with domestic hen egg-shell, As
has been noted by Wise (1978), specific identification of
egg-shell is normally impossible as the pigment is removed
by the digestive juices,

Amphibians were identified by comparison with
a set of reference bones.

Vertebrae, jaw and scale characteristics were
used for identification of fish preys otoliths were only
found infrequently. The keys of Uuebb (i975) and Wise (1978)
were followed for freshuater fish, and that of Watson (1978)
for coastal fish, As vertebrae uary>in character from the
cranial to the caudal ends of the vertebral column, a
reference collection was made to supplement these keys.

The following fish were obtaineds- trout, chubb, roach, dacs,
perch, eel, stickleback, bullhead and grayling. Specimens
of butterfish, rockling and blenny were collected from the

conasts Prior to removing the flash from these fish, the
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fork length was measured to the nearest centimetre. To
obtain the vertebral column, the fish were boiled in water
to facilitate dissection of the flesh, and the hard parts
vere soakedAin a weak solution of sodium hydroxide in
order to clean the bones.

Crustacea, particularly Decapoda, were identified
by the characteristic pore pattern on the carapace (Watson

1978), Shore crabs, Carcinus maenas, edible crabs, Cancer

pagurus, and velvet swimming crabs, Portunus puber, were

collected from the shores

o Hitherto, lampreys have_not _been identified.

from mink scats and, as brook lampreys were known to be
common in the North Tyne, 2 feeding experiment was conducted
to determine whether digestion of lamprey leaves any
undigested parts which may be characteristic., Three captive.
mink were starved for 24 hours prior to the feeding trial

to ensure that the guts had been completely evacuated.
Sibbald, Sinclair, Evans and Smith (1962) found that dyed
food, irrespective of composition, passed through the
digestive system of the mink in three hours. Each mink
received three lampreys., The scats and uneaten lamprey
remains were collected the following morning and analysed.
In two cases, parts of the oral sucker and the eye lenses
were found, Whilst none of the lampreys had been ingested
completely, no single portion of the body was consistently
rejected. As a result of this feeding trial, one occurrence
of lamprey in a scat from the North Tyne was identified

by parts of the oral sucker.
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ESTIMATION OF FISH LENGTHS

All the vertebrae of salmonids, cyprinids, eels
and stone loach, excepting those from the extreme andé of
the vertebral column (as described by Wise, 1978), were
measured to the nearest 0O¢1 mm using Vernier calipers.
There was some inaccuracy due to compression of the vertebra
by the calipers. It was assumed, houwever, that this error
would be constant for all vertebrae. Using centrum length,
the parameters of mean, maximum and minimum Fofk lengths
of the fish were calculated from a regression of fork length
against centrum length (Wise, 1980)., In cases where- there
was no overlap between the maximum length calculated from
one vertebra and the minimum length from another, it was
assumed that two fish of different sizes had been consumed
and the mean length of each was calculated., Where vertebral
length indicated that only one fish had been eaten, the
mean centrum length of all vertebrae was used to calculate
mean fork length,

An alternative method of estimating fork length
is to age fish from the annual ring pattern of scales
posterior to the dorsal fin and near the lateral line.
Knowing the age/size distribution of the population it
is then possible to back=calculate the fish length. In
this study, very few undamaged séales were encountered and
the accuracy of the method would have been decreased as the

position of the scales cannot be ascertained accurately.,

PRESENTATION OF RESULTS
There has beeh'soﬁe controversy over which is

the most efficacious method for analysing the results of
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dietary studies. When considering the advantages and
disadvantanges of each method, it is vital to define the
objectives of the analysis. Far a study in which a
comparison of the relative importance of items is required,
an error engendered by the method will be acceptable so long
as the error is consistent throughout. When absolute
importance is reguired, however, the error must be
minimised.

The three possible methods of analysis ares

1. Percentage frequency of
OCCUTTRNCE.,

2. Percentoge relative
estimated bulks a volumetric estimate of each
item as a proportion of the
total scat.

3. Dry weight of remains: Dbased on the relative
proportional weight of remains.

Conversion factors can be applied to any of the
above three methods to correct for the differing
proportions of hard parts to soft parts in the prey.

Frequency of occurrence may be calculated as a
percentage of the total number of scats or as a percentage
of the total number of prey occurrences:

i) Frequency of prey A, ,qg
Total number of scats

ii) . ___ _Frequency of prey A Y 100

Total frequency of all prey, A+B+C

The second method is preferable as the values
total 100% which facilitates comparison with other sets of
data. Thas main Criticism of the frequency of occurrence
method is that it underestimates the importance of small

items which occur several times in a single scat, and also
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underestimates large items of which no hard parts are
ingested as only the flesh is consumed., In addition, it

can also be argued that -a single-occurrence of a small prey
itam may he overestimated in importance as it would be scored
on an equal basis to an item which in terms of proportion of
the scat was more important. |

The relative estimated bulk method was proposed
by Lockie (1959) and involved washing the scat and estimating
the volume occupied by the remains of each prey item in order
to obtain a proportional value for the importance of each
“item. Wise {(1978) modified this method by estimating ‘the
importance of the identified prey items on an arbitrary scale
from ong to ten, calculating the percentage of the scat that
each item accounted for and multiplying this percentage by
the dry weight of the scat to produce a "bulk estimate',

In addition to the time-consuming nature of
analysis by bulk estimate, the method assumes that all prey
remains have a constant weight relationship to one another,
This could be misleadingy for example, the comparison of tuo
scats both containing 50% lagomorph and 50% fish in which
the lanomorph remains of one scat are entirely fur whilst
the lagomorph remains of the second consist mainly of bone,
In this case, the second scat would be relatively heavier
than the first and therefore,although the proportions of
both prey types in each scat are similar,the weight of fish
in the second scat is taken to be greater than in reality.,
This type of error, although acceptable for comparative
purposes, would bias estimates of absolute ihportance and
cannot be corrected for by the application of conversion

factors,
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A further criticism of bulk analysis is that it
is based on a subjective estimate of relative importance or
volume (Gerell, 1968). Although Wise (1978) shows that any
worker error inherent in the estimation of importance is
constant, the problem still arises as to how to ramk bone
in comparison with fur and/or feathers. Wise (1978) does
not state on which criteria her "importance'" estimations
are based. Fur and/or feathers being less compact than bone,
may appear qualitatively to constitute a large proportion

of the scat whilst estimation on the basis of, for example,

-weight -shows that this is not--the case. The discrepancy - -— -

arising from the assumption that fur and feathers have the
same weight as bone 1is corrected for by use of conversion
factors, but the estimate of importance cannot be corrected.
A further criticism of Wise's (1978) work, which she
acknowledges, is that items constituting less fhan 10% of
the scat are overestimated on a scoring system of one to tenq
An additional source of error may arise using Uisé'é
(1978) method as she only estimates the importance of
identifiable remainsj this assumes that the prey items in thé
unidentified remains are in constant proportions to those in-
the identified remains, This can be seen with reference to
an hypothetical example in which only 50% of one scat is
identifiable, of which half is lagomorph and half fish, These
both obtain importance scores of 5 and, when multiplied by
the total scat weight, the relative estimated bulk for each
will be 50% of the scat weight, though in reality, the
remaining 50% of unidentified remains may not be equélly
proportioned between the two prey items. This is often the

case when mammal and fish remains are present in a single



scat, as the majority of mammal remains consist of hair
which is easily identifiable whilst, of the fish remains,
only the vertebrae. are identifiable. In such a case, the
relative importance af mammal would be overestimated at the
expense of fish., Application of conversion factors would
then increase the erroro.

The third method of anslysis involves cleaning,
weighing the scat and estimating the percentage volume of
gach counstituent of the scat. This is obviously the most
accurate method, but is extremely time-consuming and relies
upon cullection of--the-whole -scat intact.

Comparing all three methods, Lockie (1959)
maintained that a method of analysis uwhich provided a
constant error was a necessity and, from feeding studies
on red fox, he concluded that both frequency of occurrence
and estimated bulk gave inconsistent results; therefore he
favoured the weight of undigested remains method. Gerell (1968)
criticised this method on the grounds of its subjectivity and
time~consuming nature,

Scott (1941) and Erlinge (1967a) concluded from
feeding trials,on red fox and otter respectively, that
frequency of occurrence, despite its shortcomings, is the
only realistic method for estimating the relative importance
of prey items., From feeding trials on mink,Uise (1978)
concludes that the bulk estimate is superior to frequency
of occurrence in its consistency and superior to the weight
of undigested remains in its ease of execution,

Hewson (pers. comm,) advocates that only items
constituting over 50% of a scat be scored in frequency

analysis, Although applicable to his work comparing the
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extent of fox predation on sheep in different areas, this
method would give a somewhat biassed view in a study
attempting to describe the seasonal feeding ecology of a
predator, In the present study, many scats would have been
completely ignored as no single prey item would have
provided 50% of the scat; this would tend to give a false
impression of the diversity of prey taken. Hewson's method
does, houwever, have the advantage of preventing the
overestimation of the importance of small prey items.

In the present study, scats were analysed by two
methods, frequency-of occurrence -as a-percentage- of total- —
occurrence, and bulk analysis., For the freguency of occurrence
estimate, items were scored for presence or absence rather
than frequency of the item within a single scat, which would
have been less accurate. The bulk analysis was similar to
that of Wise (1978), but with some modifications. The
importance of the identified prey items was estimated as a
percentage volume of the whole scat and multiplied by the
scat dry weight. In this case, the unidentified proportions
of the scat are effectively ignored, which may lead to a
systematic underestimation of some items. Conversion factors
calculated by Wise (1978) were applied to the bulk estimates
obtained for the river data. Appendix 2 shows the methods

used in the calculation of a conversion factor for C., maenas. .



TABLE 1 RESULTS 0F SCAT COLLECTION

|
I
|

i
AREA NUMBER TOTAL PREY NUMBER OF PREY/SCAT! SCAT DRY WEIGHT

OF SCATS ITEMS + STANDARD ERROR | T STANDARD ERROR
RIVER NORTH TYNE 99 1642 149 % 010 | 128 £ 022
Chirdon Burn 70 | 108 1259 * C-84 | 0.95 %t 0-19
Chollerford 10 13 144 T 104 | 0.83 £ 0-37
George Hotel 19 19 1700 ¥ Q-85 035 % 0-11
RIVER TEES 11 21 2°00 £ 0-41 2°19 £ 102
TOTAL RIPARIAN 110 163 1085 & 010 0°81 + 013
SPRING 53 77 130 + 021 | 049 % 0-08
SUMME R 58 86 1-60 £ 0-19 1212 + 0-19
GALLOWAY
Ueek 14 129 335 2°57 & 0-09 0283 + 0-05
Week 16 102 183 1279 £ 0011 072 % 0-20
Week 18 33 45 140 % 0-09 0°94 % 0-10
TGTAL COASTAL 265 565 2°14 1 Q.07 191 % 012

7

w



RESULTS

The total number of scats and dite of collection
from each sampling site ares shown in Table 1. As only a small
number of samples was collected from the three sites on the
North Tyne (Chollerford, the George Hotel Area and the
Chirdon Burn), the data have been amalgamated in subsequent
analyses,

Very little indication of mink presence was found
on the North Tyne at Chbllerford during the early stages of
the stud;:_thus necessiigfiﬁg UfﬁéhinguafrthéAézaay arsa to
include the Chirdon Burn. In May, a possible breeding den
was located on the Chirdon Burn in the root system of a
sycamore tree close to the point where the burn joins the
North Tyne. On the main river at this site, scats were also
found in a drainpipe 15 cm in diameter and 80 cm above
ground level, and also scattered along runuways overhung by
vegetation. On each visit to this site, numerous tracks
were found and, on one occasion, these were followed
continuously for 1 km as far as Bent House Bridge,

At the coastal sites, the majority of scats on
the wooded coastline were found con exposed rocks or in
crevices. UOn the Ross Peninsula, a second breeding den uwas
located, as was confirmed by a sighting of the kits
(H. \latson, pers. comm.)., Other scats uere found under
boulders and in sheltered positions, mainly on the south-uest
coast,

It is apparent from fig 6a that the majority of
scats was collected from dens and in particular from breeding

dens during the posteparturition period. Most of the scats



FIG G PERCENTAGE FREAUENCY OF HABITAT TYPE IN WHICH
80+ SCATS WERE FOUND

- iy

70~

REQUENCY
%) o
$ 9o

F
N
(@
|
i
i

354
/o

o 3
UL
%
4

]
[

e

kit den§
runuay
bridge

open

FIG_6b  PERCENTAGE FREOQUEHCY OF SCATTING PLACE

80
. 704
60 i
501
& 40/
W
= 305
Lt |
-
..._— 20.’
o 1
|
| L
o-um&';;:;;lmﬁ.,. nvm,.,'.,m,.ﬁ,
o c 1Y
c J A0 0OC
0 o C o @3
0 a 5 et M
(4] —~1 [ A T S I G W B A



TRELE 2as Comparison of the number of prey items comprising all scats collectsd (after Uise,1978)

'
i
i

9.3

RRE A Chirdon Burn Chollerford George Hotel River Tyne River Tees Riparian Ccastal
No, prey 108 13 19 142 21 163 565
No, scats 70 10 19 89 11 110 265
= 15 NoSa = 0-5 NeSe = 63 *

Season Spring Summer

QIFEPIAN No. prey 77 86 £
| Noo, scats 53 58
0-006 NoSo

Date Week 14 Ueek 16 Leek 18
COASTAL No, prey 335 183 45

No., scats 129 102 33



44

were deposited on stones although 15% were found on the
ground, usually along well-used runs (Fig 6b).

Table 1 also shous the total number of prey items
found in the scats collected from each site. In order to
avoid bias in amalysing dietary results by frequency of
pccurrence as a percentage of total occurrence, there must
be no seasonal variation in the frequency of prey per scat:
or when a numbher of areas are to be compared, no variation
betuesn areas (Englund9 1965), This can be seen more

casily with reference to a hypothetical example :-

% Frequency % Frequency Actual
of occurrence composition

Lagomorph Fish Lagomorph Fish Lagomorph Fish
AREA I

9 monospecific scats 10 -1 91 9 95 5
100% lagomorph

1 polyspecific scat
50% lagomorph,507% fish
AREA 11

1D/pelyspecific scats 10 10 50 50 a5 5
95% lagomorph, 5% fish

The actual percentage of fish in the scats does
not differ between areas 1 and II., The frequency of occurrence
method, houwever, greatly enhances small percentages when scats
are polyspecific, Although the actual percentage of fish in
both areas' scats is 5%, in area 1 it is calculated as 9%
by frequency of occurrence and as 50% in area 11,

Table 2a examines the variation in mean number of
prey items per scat using Wlise's (1978) method of analysis,

This method does, however, tend to average differences and



LE Zbs Frequency of prey items per scat collected at sach sample site.

N0, prey | FREQUENCY
items/ Chirdon Burn Chollerford George Hotel River Tyne River Tees Riparian Coastal
scat,
3 49 5 15 69 6 78 97
z 12 4 - 16 Z 13 79
3 B - 1 7 1 8 51
A 1 - - 1 1 2 30
= - - = - 1 1 6
£ Z - - 2 - 2 1
7 1 - - 1 - 1 =

Temporal frequency of prey items per scat in the coastal and riparian habitat.

No. prey RIPARIAN COASTAL
items/ Spring Summer \eek 14 Week 16 lleek 18
scat, ;
1 39 40 18 , 53 ' 26
2 8 10 44 30 4
3 1 6 28 9 2
4 1 1 22 5 2
5 1 = 2 3 -
6 1 1 , - 1 -
7 1

- - = = =
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so the variation betuween frequency of number of prey
per scat was tested, The raw data are given ih Table 2b,
and areas are compared in Fig 7.

The number of prey items per scat was similar
at the two main sites on the MNorth Tyne ( X=2:27, d,f.=6,
p=N.S.). A greater number of prey items per scat was found,
however, in scats collected on the river Tees than in those
from the North Tyne (=139, d.f.=6, p 0°05), The data
collected betueen March and the end of May were amalgamated

to form a spring sample and from June and July to form a

summer sample, Compariéoh of the variation in the thB;f‘
of prey items per scat failed to demonstrate any change
with season (3°=5:27, dofo=65; p=NoS.)s

Scats collected from the coastal sites were
significantly more polyspecific than those from the rivers
(Fig 73 3X=45°13, dof.=6, p 0°001), In addition, there uas
also temporal variation in the number of prey items per
scat on the coast. Scats from Ueek 14 were more polyspecific
than those from Ueek 16 (X=47:9, d.f.=5, p 04001)9 whilst
there was no difference in the number of prey per scat
between Weeks 16 =nd 18 (K=7¢6, dof.=5, p=N.5.) as is
apparent from Fig 7.

These differences must be borne in mind when
considering both the percentage frequency of occurrence
of prey species at the coast and the variation in coastal

and riparian diets,
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COMPARISCON OF METHODS GF ANALYSIS OF RESULTS

The relative merits of the three methods of

- analysis (percentage frequency.of occurrence, bulk analysis,

and bulk analysis corrected by application of conversion
factors) will be deferred until the Discussion. In this
study, where possible, the results have been analysed using
all three methods. for coastal data, application of
conversion factors was not practical, although it had been
hoped to adapt those calculated for small freshwater fish.

Figures Ba, Bb and 8c show that bulk analysis

“and frequency of ~occurrence produce-remarkably consistent - — -

results in terms of percentage impartance in the diet. At
each study.areag these two methods of analysis were
compared using the Wilcoxon matched pairs signed ranks
test. Overall, no significant difference between the
relative importance of particular prey species calculated
by either method could be detected (Table 3). This test
is apparently. the only means of comparing these two methods
of analysis. Being a non-parametric statistic, houever, a
great deal of information is lost. Although it is obvious
from the fau data that in the majority of cases there is
no difference betueen the methods, in several instances
the two results seem to differ considerably from a
biological if not a statistical point of view. The major
discrepancy arises over the importance of mammalian and
crustacean prey on the rivers and at Galloway (Figure Ba
and Figufe 8c). The percentage importance derived from
the bulk estimate is much greater than that obtained from
the percentage frequency of occurrence, the bulk estimate

for layomorph being approximately double the frequency
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Comparison of percentage importance calculated by

frequency of occurrence and bulk analysis using

- the Uilcoxon matched pairs signed ranks test,

Prey species

Eel

Perch

Stone Loach
Bullhead
Salmonid
Cyprinid
Stickleback
Lamprey - -
Unid,
Rpodemus
Lagomorph
Microtis
Clethrionomys
Arvicola
Sorex

Rattus

Sheep

Moorhen
Anseriform
Columbiform
Charadriiform
Larus
Egg=shell
Unid. feather
Amphibian
Crayfish
Vegetation
Insects
Blenny
Cottidae

Sand Eel
Rockling
Butterfish
Sea Snail

Sea Scorpion

Non-Rockling Gadoid

Goby
Shore Crab
Amphipods

Wilcoxon T
Wilcoxon N
p

oo

fish bones

TEES TYNE COAST
%Freg. ‘% Bulk %Freq. % Bulk %freg. % Bulk
of of of
OCCUT . OCCUTo OCCUT,
- - 305 104 302 1.0
48 007 - - 0e2 -
= - 28 003 - -
boB 07 Qo7 0e3 - -
1403 109 9.9 290 0e2 -
48 1609 720 0.9 - -
- - 07 004 002 0-008
- - 07 0-07 - -
- - 104 0c4 791 4o 4
48 101 104 48 - =
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428 4o 007 007 104 0-9
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estimate on the coast and one and a half times as great on
the North Tyne. Similarly, the bulk estimate for crab is
almost double that obtaimed using fregquency of occurrence.
On the North Tyne (Fig 8a), the relative importance of
salmonids and cyprinids calculated by the bulk method was
less than that obtained from analysis of frequency of
occurrence. IThis tendency for underestimation of fish results
by the bulk method was, houever, not so apparent on the coast
(Fig 8c). On the North Tyne and at Galloway (Figure 8a and
8¢c), the bulk estimate for avian prey tends to be less than
that obtained by frequency of occurrence, whilst on the Tees
(Fig Bb) the importance of Anseriforms calculated by bulk
analysis was six times the value obtained by the other methbdo
The differences between the freguency of occurrence
and the bulk methodé are consistent within prey groups, but
vary betueen groups. With respect to the frequency values,
bulk analysis apparently overestimates the relative importance
of mammalian and invertebrate prey whilst underestimating
the importance of fish and the majority of avian prey.
Application of conversion factors to. the bulk
estimates yields a relative importance value corrected for
the differing proportions of hard to soft parts in the
various prey species. This value may not be satisfactory
for a small sample as any errors in estimating the relative
importance can be greatly magnified if the particular
species had a large conversion factor. This is particularly
well illustrated in Figure B8b on the Tees where the corrected
relative importance of Anseriform is 56°3% compared with a
bulk estimate of 31% and percentage frequency of occurrence

of 5%. As the percentages calculated are relative, an error
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for a single prey species will affect the relative

percentage aof =211 other prey itemss thus, if the result

-for Anseriforms is anomalous, the other relative importance

values are likely to be lower than in reality. If this is
the case on the Tees, the percentage importance calculated
by the correction method is remarkably similar to that
calculated by the other methods,

Throughout the dissertation, only the frequency
of occurrence data will be discussed as these are amenable

to statistical technigues and provide comparison with

T published-datas - - o 0 o e e e




Results of Faecal Analysis:-

NOGRTH TYNE

On the North Tyne, 99 scats were collected
between March and July with a total of 142 prey occurrences
giving a mean of 1°49 i_0°1 standard error prey items per
scat and a mean scat dry weight of 128 ¥ 022 go

It is apparent from Fig 9a that mammals uere the
most importent prey group encountered in the diet (47-2%
frequency of occurrence) folloued by fish (26°7%), bird
(10-24%), invertebrates and vegetation (2:71% €ach) and ~~ ~~ -
finally amphibians (0°7%). lagomorphs were the most frequent
prey item comprising 43°7% of the diet. Only single

occurrences of Rattus norvegicus, Arvicola terrestris,

Microtis agrestis and two cases of Apodemus sylvaticus

were recorded. The majority of these small mammals were all
found in the George Hotel area (Fig 9b), whilst the two
instances of Apodemus were collected dounstream of the
bridge at Chollerford (Fig 9b). On the Chirdon Burn,
lagomorphs were again the only mammals encountered and here
accounted for 55¢6% of the total prey taken (Fig 9b).

The most frequent fish groups were salmonids
comprising 38°8% of the total fish prey taken, followed by
cyprinids (27°8%) and eel (13.8%), uith stickleback, bullhead,
stone loach, lamprey and unidentified fish bones comprising a
further 19°4%, Salmonids were rated third in overall
importance, 9°:9% of the total diet, It is interesting to note
that the eel and lamprey remains were restricted to the
Chirdon Burn, whilst salmonids and cyprinids were equally

distributed betuween the three sites. Scats caontaining
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bullhead, stickleback and stone loach were all collected
from the Chirdon Burn,

Moorhen (Ralliform) was the most frequent species
of avian prey, constituting 53% of the group and 12% of the
total diet., Anseriforms accounted for 18°7% of the birds,
and there was a single occurrence of Columbiform. Unidentified
feathers formed a large proportion of this group (25%) and
may have been from juveniles which do not exhibit the
characteristic covert feathers used in identification,
The diet on the Chirdon Burn (Fig 9b) had the greatest
diversity of avian prey, having instances of all three—— "~ -
taxonomic groups, whilst the majority of moorhens uwere
encountered at Chollerford,

The amphibians, invertebrates (Coleoptera) and
vegetation formed only a small proportion of the diet, and
it is possible that the latter two groups were ingested

incidentally whilst other prey was consumed.,

TEES
On the river Tees, eleven scats were collected
from two sites on a single visit in May, There was a total
of 21 prey occurrences giving a mean number of items per
scat of 2 ¥ 0¢°41 and a mean scat dry weight of 219 ¥ 1.02 go
The order of importance of the major prey groups
uaspAFirstlyg invertebrates, 28°5% of the diet, followed by
fish and mammal prey both accounting for 28% of the diet,
amphibians comprising 9°5; and birds contributing a minor
4°87% (Fig 9a). Coleoptera (19¢°1%) were the single most

important invertebrate Order and crayfish, Astacus astacus,

formed the remainder of this group. Salmonids accounted for
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TABLE 4: Results of X" tests for a difference betwesn mink

diets on the rivers Morth Tyne and Tees.

TYNE TEES

Prey No.of No.af HNo.of No.of

scats scats scats scats
species with without with without

prey prey  prey prey
Fish _ 36 6
Mammals 67 6
bBirds 32 1 3404 e
Amphibians 3 2
Invertebrates 1 6 o
Vegetation 3 0
Eel ) 137 0 21 07 NoSo
Salmonid 14 128 3 18 O-4 NoSo
Cyprinid 10 132 1 20 01 NoeSoe
Lagomorph 62 80 3 18 66 *
Ralliform 17 125 0 21 2-8 NoSe
Anseriform 6 136 1 20 01 NoSa
Amphibian (I 141 2 19 75 3t
Crayfish 0 142 2 19 115 HHR
Insect 3 139 4 17 129 FHK

Method of calculation of for a comparison of

the importance of a single species in two areas

Area TYNE TEES

No, scats with prey a b a+b

No., scats without prey c d c+d
a+c b+d atb+c+d

Expected value of a =  (a+b)(a+c)

at+b+c+d

(0-£)2

E

il



50% of the fish prey, followed in importance by cyprinids,
perch and bullhead which each constituted 16°7% of the
group. Of the mammalian remains present, lagomorphs
accounted for 50% of the group and were the second most

important species in the diet; Apodemus, Clethrionomys and

Microtis each occurred once. The amphibians were represented .

by a single species, Rana temporaria, and the avian group

consisted of a single occurrence of Anseriform,

COMPARISON OF MINK DIET ON THE RIVERS TEES AND NORTH TYNE

A comparison of the diet of mink in two areas,
when based on such a small sample size at one area (Tees,
11 scats) must be viewed with extreme caution. Bearing this
limitation in mind, however, there was a significant
difference in dietary composition, as can be seen from Table
4, This table also shows which prey species were responsible
for the differences between the tuo areas. 0On the Tees,
mink were more dependant on amphibians and invertebrates
and less so on lagomorphs than on the North Tyne. It is of
interest that the proportiocns of fish and bird taken in

the two areas are not significantly different (Table 4).

SEASONAL VARIATION IN THE RIPARiAN DIET

The study period was divided into Spring (from
March to the end of May) and Summer (June and July).
Originally the data were divided on a monthly basis, but
there was no signifi;ant variation in the diet, possibly
due to the small sample size., In the Spring, 53 scats
containing 77 prey occurrences were collected, whilst 58

scats with a total of 86 prey items were obtained during
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on_the North Tyne between spring and summer,

Prey

species

Fish
Mammals
Birds

Amphibians

Arthropods

Vegetation

Fish
Salmonid
Cyprinid
Fel
Mammal
Lagomorph
Microtis
Bird
Ralliform
Anseriform
Amphibian

Insect

No.of

scats

with
prey
34
20

17

34

14

20

14

17

14

19

SPRING SUMMER
No.of WNo.,of No,of
scats scats scats

without with without
prey prey prey
14
53
15
0
3
2
49 14 73
69 5 82
76 5 82
80 3 84
63 53 34
69 52 35
81 6 81
66 15 62
69 3 84
81 1 82
80 0 87
64 1 86

2806 EH ¥
1306 %
503 *
004 NoSe
04 NoSoe
179 FH¥
7205 #3434
1°9 NoSo,
06 NoSo,
804 3
304 NoSoe
301 NoS.
1907 k3



the Summer., There was no significant variation in the
number of prey items per scaﬁ during the two seasons
(Table S5)o

During Spring, fish was the most important prey
group comprising 41% of the diet and was followed by
mammalian prey (24%), birds (20°5%), amphibians (3°6%) and
invertebrates (7°2%),(Fig 10).

During Summer, mammals became the more important
prey group, 59¢8% of the total diet, followed by fish and
bird, which were of approximately equal importance, 17 and
18°3% respectively (Fig 10). At this,time no amphibians
were taken and insects contributed only 1°1% of the diet.
A more detailed analysis of fish prey shoued that more
salmonids were taken in 5Spring compared with Summer (Table 5)
and that stonpe loach, bullhead and cyprinids also occurred
marginally more often in Spring.

In contrast, the mammalian group was represented
more often in scats from the Summer sample due to the vast
increase in the number of lagomorphs taken, Microtis and

Clethrionomys also increased in absolute terms, but not

significantly so.
There was no seasonal variation in the frequency of
avian or amphibian prey taken, although moorhen was

appreciably more important in Spring (see Table 5).



GALLOWAY

A total of 265‘scats was collected at Galloway
on three separate occasions, The total number of prey
cccurrences wss 565 with a mean of 2014 j 0-.07 items per
scat and a dry weight of 1-91 % 0°12 g,

The order of importance of the main prey groups
was fish (34°6%), invertebrates (26°2%), mammals (21-5%),
vegetation (11.5%) and finally birds (5°4%),

Of the fish group, littoral fish provided the
bulk of the diet, 30°8 in comparison with 3:8% of freshuater
- fish, Of the freshwater fish, eels were the most-important
(18 occurrences) whilst single cases of perch, salmonid
and stickleback were also recorded. Of the littoral fish,
the blenny was the most important species followed by
cottidae, rockling and butterfish contributing 11 = 12 %
egach of the fish total.

The main invertebrate prey was the shore crab,
providing 25% of the diet; amphipods only contributed 1°2%.
When amphipods occurred in the same scat as blennies, the
former were ignored as they are often found in the gut
contents of blenniesg it is also quite possible that mink
ingested them accidentally as large numbers were never
encountered,

Lagomorphs were the single most important

mammalian prey comprising 19°1% of the total diet., Microtis,

in trace amounts.
The inclusion of vegetation, mainly grass, was
an interesting feature, as it was present in large amounts

and did not éppear to have been ingested accidentally,
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1l

Total noo.

TABLE 6¢ Results of X*test for temporal variation in the
diet of coastal mink.
WEEK 14 WEEK 16 WEEK 18 Week Week

Prey Nooof No.of No.of No.of No.of No.of 4618 16418

scats scats scats scats scats scats
species with without with without with without

prey prey prey prey prey  prey
Fish 146 47 4
Mammals 7 85 29
Birds 10 9 12 1742 9%%% 170 Qi##3k
Crabs 104 26 11
Vegetation 68 _ 10 ~ 0 B
Fish 146 189 47 130 4 41 5500%%%  Ho2 *
Fel 15 320 2 175 = - 4°1N.5. = =
Blenny 49 286 16 161 2 43 33N.S. 1°8N.S.
Mammal 7 328 85 92 29 16 165 B#¥# 40 #
Lagomorph 7 328 77 100 24 21 T4500##3% 14N, 5,
Microtis = - 4 173 4 41 - = o5 ¥
Bird 10 325 19 158 1 44 2°1N.S5, 1°2N.S.
Crab 104 231 26 151 1 34 16e3#¥X 204N, 5.
Vegetation 68 267 10 167 - = 190 3k - =
TABLE 73 The temporal change in diversity of the diet of coastal mink
n n . % of diet
Week [ formed by n

14 13 81 216

16 16 B4 31-0

18 3 50 B-8

No. of species contributing less than 5% of the diet

of prey species consumed
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Avian prey was apparently of minor importance
on the coastal site, with 23°8% of the occurrences
consisting of unidentified feathers, Charadriiformes uere
the most frequent group, comprising 33%.3% of the total
avian prey, whilst columbiformes accounted for the remaining

16°7% of occurrences, There was a single instance of egg-shell,

TEMPORAL VARIATION IN THE COASTAL DIET

It has already been mentioned that three separate
scat collections were made at the coast. In week 14, a total
of 129 scats with 335 prey items were obtained, 102 scats
containing 183 items in week 16, and finally 33 scats with
45 items during week 18, There was a significant temporal
variation in the number of prey items per scat, those from
week 14 being more polyspecific than those from later in the
season (Table 2a),

Table 6 and Figure 11 show that in respect of the
main prey groups, scats collected in week 14 are significantly
different from those obtained in week 163 this is particularly
interesting as the scats represent the diet of a single
individual, In thé uéek 14 collection, fish was of primary
importance followed by shore crab, vegetation, bird and
finally mammalian prey, in that order. At the species level,
significantly more lagomorph and eel were consumed during
week 14, By week 16, mammalian prey had become the most
important group, followed by fish, crab, vegetation and bird.

The frequency of prey groups taken during uweek 16
was significantly different to that from week 18, uhen
mammal was still the most important group(Table 6), but crab

had increased to 24°4%, whilst fish and bird were only B8°8%
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and 2°2% respectively (fig 6)., The values for crab do not
differ significantly between the two dates, thus the
overall difference and the apparent increase in the
impoertance of crab is due to the change in the importance
of lagomorph and fish,

In addition to the changes in importance of the
major prey groups, there is some variation in the number of
species taken which contribute less than 5% of the diet
(Table 7).

There seems to be a tendency touwards increasing
specialisation from weeks 14 to 16 as initially only 22% of
the diet is obtained from 81% of all the species consumed,
but this increases marginally to 31% of the diet from 84%
of all the species. By the third sampling date, the diet
spectrum broadened and 50% of all species consumed accounted

for Bo8% of the diet.
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TABLE 8: Results of tests for a difference betuween mink

diet in a riparian and a coastal habitat.

RIVERS GALLOWAY

Prey No.of No.of Nao.of No.of

scats scats scats scats
species with without with without

prey prey prey prey
Fish 42 184
Mammals 73 121
Birds 33 - 30 96¢° 4 *H%
Amphibians 3 -
Invertebrates 9 148
Other 3 72
Salmonid 17 146 1 564 755 Lk
Fel 5 158 18 547 0-007 NoSo
Lagomorph 65 g8 108 457 3002 #H
Microtis 2 161 8 557 0-03 NoeSo
Arvicola 1 162 2 563 0e2 NoGo

Apodemus 3 160 0 565 10-4 3
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COMPARISON OF THE DIET OF COASTAL MINK WITH THAT
OF RIPARIAN MINK ’

Although prey availability, in terms of species
composition, differs between the coastal and riparian
habitats, as obviously there are no marine species on the
rivers and vice versa, it was thought worthwhile to compare
the frequencies of the major prey groups., It was found that
the percentage of the diet composed of the major prey groups
did differ between the two areas (Table 8).

Mammals and birds were more important on the
Tivers than-on- the coast, and although fish had a relatively- -
greater importance on the coast of only 5%, crab was a
significant addition to the diet not found on the river
(Table 8).

Within groups, apart from the obviously marine
species, there are several differences in the contribution
of various species to the diet (Table 8)., The proportion
of salmonids in the coastal diet is much less than on the
river., Lagomorphs form a greater proportion of the riparian
diet, 0Of the small mammals, only the proportions of Apodemus

differ in the tuwo areas, being absent from the coastal diet.

DIVERSITY OF DIET

A further measure of diversity and importance
of specific items in the diet can be gained by reference to
Table B9a, which shows the total number of prey species taken
by mink in any one area and the number aof spécies which
individually provide less than 5% of the total diet. There
is a significant difference betueen the total number of

prey items taken ip each of the three study areas (Table 9b)o



TABLE 9a: Comparison of prey diversity in terms of the

proportion of the total number of species consumed

vhich individually constitute less than 5% of the

total dieto.

Area a)Total no. b)No. species b % of total
speclies in contributing less a diet contributed
diet than 5% of diet by b)

TYNE 18 14 778 210

TEES 12 7 583 3306

GALLOWAY 25 21 B4-0 223

JABLE 9b: A X'test for a difference betwsen number of

individual species consumed at each area.

Area TYNE TEES GALLOWAY
No. Scats 99 11 265
Total no. prey species 18 12 25

2505 p = ##%
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On the North Tyne and at Galloway (Table 9a),
a similar proportion of the whole diet (22%) is composed
of items which individually contribute less than 5% of the
total diet., This proportion of prey species is, however,
slightly larger on the Tees (33%). The diversity of prey
items seems to be greater at Galloway where B4% of the
total number of species taken account for only 22°3% of
the diet, whilst on the North Tyne, 78% of the total number
of prey species contribute 21% of the diet and on the Tees,

58.3% of the prey species provide 33:6% of the total diet.
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FIGC 13a S17C FREQUENCY DISTRIBUTICN OF TOTAL FISH PREY
TAKEN DURING THE STUDY
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SIZE OF FISH IN THE DIET OF MINK

Using Wise's (1980) method of calculating fish
fork length, from the size of the vertebrae, it was possible
to estimate the size of 42 of the fish taken by mink during
the study period,

It can be seen from the size-frequency histogram
(Fig 13a) that fish in size class Il (5 = 9¢9cm) were taken
most often., There were no records of fish less than 5 cm
in length occurring in the scats, although as fish length uas
only calculated for four species, it is guite possible that
small fish of other species wuwere in Fact‘takeho

If eels are excluded from the analysis, the mean
size of fish taken was 9°62 * 3.3 cm (Fig 13b). The mean sizes
of cyprinids and stone loach were 7°48 % 1°62 cm and 6953
Y 1011 cm respectively, no fish of greater than 9°9 cm being
taken in either case. The majority of salmonids occurred in
the second size category, with several fish in the third
and fourth classes giving an overall mean of 1095 cmg
greater than that of the coarse fish,

There is apparently no significant diFFerence in
sizes of prey taken at each of the four separate study sites,
Table 10 shows the mean size of salmonids taken at three
sites and the mean eel size From‘tuo sites, It was nof
possible to estimate the size of any species other than eels
at the coast due to the fact that the vertebrae of all the

freshwater fish were damaged.
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TABLE 10: Mean lengths of fish taken at different study sites,

Prey Area Mean size ¥ S.E.

Salmonid Tees 1163 £ 4.8
Chirdon Burn 1115 £ 3035

Chollerford 100 t 5047

Cel Chirdon Burn 3063 T 10-98

Galloway 25.97 T 4.07
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DISCUSSION

Difficulty was experienced in collecting scats
during the study period, particularly on the North Tyne
where the river level fluctuated rapidly, rising as much
as six inches in one hour (pers. obs.), and this during
the summer, a season not associated with spates. Even when
a single individual was tracked for four days in late
August, no scats were encountered, even though the precise
path of the mink was knouwn. In the present study, the scat
"samplé size was increased by collection from breeding denss
Chanin (1976) and Wise (1978) both collected a larger number
of scats during spring and summer than in winter, but make
no mention of scat collection from breeding dens., Collection
of the majority of the sample from a single den has the
advantage that one is possibly studying the feeding ecology
of a single individual, which reduces the inaccuracy inherent
in obtaining the average prey preference, but has the danger
that the individual may not be truly representative of the
population as a whole., This is particularly the case with
a breeding female, uwhich must be subject to very different
energy and nutrient requirements, in order to suckle her
young, than non-breeding animals., In addition, it is possible
that once the young are weaned, they may have different
requirements to those of adults,

Whilst considering the reliability of the present
study, it is also useful to consider the weather patterns
over the study period. Conditions were abnormally dry during
April and May in Northumberland, thus the river levels uere

far lower than is normal. This effectively reduces the area
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to be searched for fish pfeyg and may have increased the
susceptibility of fish to mink predation, in land-locked
pools for example., As if in compensation for the lack of

rain during April and May, the following two months were

the wettest on record for some yearso.This produced turbulent
spate conditions which not only made access to the banks for
scat collection impossible, but must have also removed many
scats, These conditions lasted for several days on a number
of occasions and may well have influenced the normal feeding
habits of mink, Predation on aquatic prey is likely to have
been reduced.due .to the strong current flow_and turbulence,
In addition,the activities of many terrestrial prey species
may also have been affected, Rabbits, for example, are known
to increase their Fgeding rate prior to rain to compensate
for their later confinement in the burrow (Southern, 1964).

The method of analysing dietary results is also
open to discussion., The various methods available have been
introduced previously (Methods)., As the relative rather than
the absolute importance of prey items was required for
comparison betueen sites, it was felt that the frequency
of occurrence method of analysis was most suitable,
particularly as such results are amenable to statistical
techniques and allowed comparison with published studies,

At the riparian sites, mammals comprised almost
half of the total prey intake, whilst fish and birds
respectively accounted for the remaining twe quarters (Fig 12).
In the spring uweeks, fish were marginally more important than
mammals and birds. As the season progressed, houwever, there
was a shift of emphasis, lagomorphs accounting for three-fifths

of the diet, with fish and bird items providing the other
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two=-fifths (Fig 10). This was due to both an increase in
the number of rabbits taken and a decrease in moorhen prey.
‘Bue to freak weather conditions, it is uncertain whether
the greéter importance of fish in spring was due to louer
vater levels effectively increasing the ease of location
of fish or to warmer summer water temperatures which
facilitate the avoidance of capture by the poikilothermic
fish prey (Gerell 1967b).

During spring and summer, the most important
fish species in the diet were salmonids and cyprinids which

“‘Uefé"Eékeﬁ“iﬁ“éwprﬁximétely"equai“numbersb*The~mean“sizemaf"~f'—w - -

cyprinids and stone loach taken were 7°5 cm and 6°5 cm
respectively, several centimetres smaller than that of the
salmonids (11°0 ecm). On the North Tyme, Ottaway(1979) found
the mean size for year class I+ stone loach to be 6°2 cm
whilst that of a similarly aged trout was 116 em, The
size=frequency distributions of the two species uers,
however, quite different, stone loach age classes I and 11
were the most abundant, whilst the majority of the trout
were in the 0+ age class, with a mean size of 4°6 cm, Fraom
these'resuitsp it appears that mink may be taking the maost
frequent size class of loach encountered whilst actively
selecting larger salmonids. Mann (1971) found that O yeaf
salmonids in a trmutéstream in Dorset did not reach 6 cm
until late July/August, Fish are known to grow more slowuwly
in Teesdale than in Dorset (Crisp, pers., comm,) and it is
possible that development would be similarly delayed on the
North Tyne,so that year class 0+ salmonids would be less than
4°5 cm during the study period and may pass unnoticedy thus,

effectively the most frequent size class encountered would



be the 10 cm classo
The estimation of fish sizes from scat analysis
should only be comsidered in the context of mink feeding
behaviour. Several researchers (Chanin,19763 Wise,1978)
have reported that whilst mink tend to consume small fish
whole, they only take the flesh from larger fish, and hence
these size classes may be underestimated in scat analysis,
Eels were completely absent from the diet on
the Tees and occurred at only one site on the North Tyne,

despite their knoun presence in the rivers., This under-

‘representation may simply havé béen the result of a—small - -

sample size as Chanin (1976) and Wise (1978) both found
that the importance of eels increased in the summer,

During summer, the only mammalian prey taken on
the rivers was lagomorph (Fig 10). This is in agreement
with Wise's (1978) results; she noted that lagomorph
became more important during spring and summer, The increase
in importance of lagomorph in the present study during the
summer was partly due to an absolute increase in the amount
of lagdmorphg but also due to a decrease in the proportions
of fish ahd invertebrates taken. The breeding season of the
rabbit starts in January and lasts until the end of June,
reaching a peak in April/May., This would seem to be at odds
with a summer increase in the importance of rabbits in the
diet from June to July., The spring young start breeding,
however, when aged three months and the gestation period
period is 28 - 30 days after which weaning does not occur
for three weeks. It is thus possible that the population
may show an increase towards the end of the breeding

season, namely June and July.,
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Apodemus, Clethrionomys, Microtis, Agvicola

and Rattus were only encountered in the diet infrequently
(Fig 12). Akande (1972), Chanin (1976) and Cuthbert (1979)
all found rodents, particularly voles, to be the most
important mammalian prey, and Uise (1978) noted that small
mammals accounted for just under half of the total
mammalian prey. The low incidence of non-lagomorph mammals
in the present study is in contrast to the results of
previous workers and may be explained by the fact that all
previous studies have been on the annual diet.

-~ —--It is interesting to-note that no insectivores
were taken on the rivers. Several authors, Newby (1951),
Lockie (1961) and Moors (1975) have reported an avoidance
of these species by carnivores. All work on mink in this
country has shouwn, however, that they take inséctivores
in relation to their abundance. Their absence in the
present study may simply be a corollary of the general low
incidence of small mammals in the diet.

Avian prey formed almost a guarter of the total
diet throughout spring and summer. The most important species
during the spring was moorhen, superceded by Anseriformes,
probably mallard, during summer. This may reflect a slight
difference in the breeding behaviour of the two species.
Wood (1974) reports that moorhen breed from late March to
early August with a peak from the end of April to mid-=May,
whereas Ogilvie (1964 in the Atlas of Breeding Birds in
Britain and Ireland) reports that the peak of mallard
breeding is from mid-=April to July, rather longer than that
of the moorhen. The more likely explanation, however, seems

to be one of local abundance; the majority of scats which
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contained moorhen were collected from the George Hotel
area of the North Tyne whilst those containing mallard
were from the Chirdon Burn alone (Fig 9b).

The three occurrences of amphibian, Rana
temporaria and/or Bufo_bufo were indistinguishable and
were all encountered during the springa_Gerell (1967b)
also found a spring peak in amphibian prey and postulated
that they formed a buffer food refuge which is exploited
during the change from one major prey type to another.

In discussing the results from Galloway, it is
imborténf_torféhembef that scats from week 14 were more
polyspecific than those collected during June, since this
tends to overemphasise the importance of minor items
occurring in polyspecific scats whilst underestimating
major ones. The amalgamation of data from week 14 with
that from weeks 16 and 18 results in a lower value for the
relative importance of lagomorph than is the true case, as
this prey item constituted 60% of the monospecific scatso
In addition, on a numerical basis, fish attain a greater
overall importance. The bulk estimate should account for
this, and apparently does so, the relative frequency of
occurrence of fish being 39°8% whilst that obtained by
bulk analysis was 14°21%.

There ués a decrease in the relative importance
of fish, bird and vegetation in the diet over the thres
successive collection dates, whilst the importance of
mammalian items steadily increased (Fig 11). The proportion
of crab in the diet fluctuated, reaching the louwest level
in week 16, Although the relative importance of crab was

apparently higher in week 18, there was no significant
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difference in its frequency over these weeks; thus, the
relative increase of crab must have been due to a decrease
i the importance of one of the other prey items. This is
most likely to have been caused by the decrease in fish
because, although the frequency of mammals decreased, their
relative fregquency in scats increased. It is possible that
the decrease in the importance of fish during the study
period may simply be an artefact caused by the high degree
of polyspecificity of scats collected in week 14, which
would tend to inflate the importance of fish ih that period.
‘It can also be argued, however, that in order to increase
the polyspecificityg the numbers of fish taken must also
have increased,

The temporal variation in the diet merits further
attention as it reiates mainly to a single mink, and a
- breeding female at that., The major feature uwas a decrease
in the diversity of prey associated with a change in emphasis
from crab to lagomorph (Fig 11). Due to the smaller sample
size in week 18, the fall in diversity may simply have been
an artefact. The change from crab to lagomorph was convincing,
though, particularly if the large proportion of vegetation
which provided no nutrients is discounted from week 14, The
vegetation was included in calculations of the relative
importance of various prey items for completeness, following
Wise (1978). On reflection, however, the validity of this
practice is questionable as the vegetation does not
apparently contribute to the diet. If it is removed from
the analysis , the percentage importance of crab in usek
14 increases from 32% to 40-5%, whilst the other items also

increase minimally in relative importance.




As kits were seen at this site during May
(Watson, pers. comm,), and as Gerell (1969) reports weaning
at five weeks of age, it was calculated that scats collected
from late May coincided with the suckling peried. In the
present study, the increase in lagomorph in the diet from
June 2nd onuards apparently coincided with the weaning
period. Gerell (1969) noted a female mink delivering prey
to the den at this time., Thus the increase in lagomorph
may have been the result of a preference for prey which was
relatively easily transported and which provided a large food
' source. The increase in lagomorph may, however, have been in
compensation for a decrease in the absolute availability of
crabs in May/June as was reported by Naylor (1962).

Between weeks 14 and 16 when fish formed an
aphreciable part of the diet, there was little marked
variation in the importance of individual species, although
the freguency of eels decreased significantly over this
period, whilst the apparent decrease in blennies from week
14 to 16 was not significant., This shift in emphasis for
fish could simply be due to a greater availability of
lagomorphs., It is interesting that blennies are by far the
most common of the rock pool fish saten. An attempt to assess
the availability of littoral fish at low tide shoued blennies
to be encountered most frequently,

The mammalian prey was composed almost entirely

of lagomorph with a few occurrences of Microtis, Arvicola

and a single Sorex, but with a notable lack of Apodemus,

Clethrionomys and Rattus. Lawrence and Broun (1974) note

that Apodemus is more common when Microtis is absent from
|
the area, althoﬁgh a trapping program yould be required to
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substantiate this. The absence of Rattus norvegicus in the

diet is surprising as there is a farm in the study area,
although this food source may only be exploited when all
else is rare. It is possible that there is insufficient

habitat cover for Clethrionomys, but the most plausible

reason for its absence is simply one of sample size combined
with a glut of lagomorph. Cuthbert (1979) has suggested

that the paucity of Clethrionomys and Apodemus in the diet

is due to their burrouing habits and use qf dense cover

making them less accessible. The increase of importance of
iagomdrph in early June is similar to that found on the rivers
and may again be due to increase in juvenile rabbits available
at this time., Several broun.hares were encountersed at the
coastal site and two carcasses were found close to the
breeding den., Although mink could probably kill an adult

hare, it is possible that these prey uere obtained as carrion;
sheep carrion was apparently also taken,

Results from other studies of the dist of coastal
mink are in accordance with the results presented hsre.

Gerell (1968) noted that Microtis and Arvicola were the most
frequent mammalian items in the diet of mink on some Swedish
islands, whilst Cuthbert (1979) found that lagomorphs,
common rats and Microtis were the most frequent mammalian
species on his coastal site in Scotland,

The three groups of birds encountered in the diet
were Charadriidae, Laridae and Columbidae. The relative
importance was lower than that found by Cuthbert (1979)., The
major avian prey item in his study was Laridae whilst Charidae
wvere most important in the present study. Of the thirty

occurrences of feather, almost half were unidentifiable and
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therefore possibly from juvenile birds. Gerell (1968)
found two peaks of bird predation, in March and June. In
the present study, the percentage relative importance wuas
marginally greater in week 14, but probably not significantly
S0o |

Carcinus was the major invertebrate prey and wuas
the only species of decapod encountered., Whilst this is in
accord with Gerell's (1968) and Cuthbert's (1979) results,
Watson (1978) noted that otters took a large number of the

velvet swimming crab, Portunus puber., This may have been

due to different habitat conditions or to different hunting
behaviour of otters in comparison with mink.

The large amount of vegetation present in scats
collected during week 14 is interesting. The vegetation wuas
mainly grass and although it had obviously passed through
the digestive tract, it was undigested. During the course of
radio=-tracking studies at the riparian site, mink uwere seen
to purposely ingest grass. Both Chanin (1976) and Wise (1978)
found that grass comprised only a small proportion of the
diet and they concluded that it was ingested accidentally,

It is possible in the present study that the mink collected

it as nesting material and accidentally ingested some, but
this seems unlikely, Another possibility is that grass is
ingested to form a cover around fish bones to prevent damage
to the intestine, but this too seems improbable§ since , were
it the case, one uouldlexpect a higher incidence of vegetation
in the scats from all localities and throughout the year

when fish are consumed, A final suggestion is derived from

the correlation 5étueen crab and grass in the diet., It is

possible that the gréss acts as an anti-emetic countaeracting
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the ingestion of quantities of sesa-water or as roughage.
Gerell (1968) found fish to be the most important
coastal prey item, followed by arthropods and finally
mammals and birds, In Cuthbert's (1979) study, C. maenas
was the most important prey item, accounting for 33% of
the diet, followed by fish, mammals and birds. The present
study is similar to that of Gersll's (1968) in establishing
the primary importance of fish., Different species uere
represented, houwever, and the total relative importance
was less, possibly because lagomorph and crab are more
~ important during summer and-thus a comparison of-a - - . . .
seasonal with an annual study may produce spurious differences.
The greater importance of fish in the coastal diet
than on the rivers (Fig 12) may be somewhat inaecurate due
to an overestimation of the importance of fish resulting
from the use of frequency of occurrence analysis and the
differing polyspecificity of the scats. It may also, howaver,
be due to differences in fish behaviour3 in the rivexrs, wvarm
summer water facilitates rapid movement, whilst on the coast,
the majority of fish taken are of the rock pool species
vhich passibly do not depend so much on sustained speed ofi
movement for escape. In addition, the availability of crab
on the coast must reduce the mink's dependence on fish and
mammalian prey.
The diversity of the coastal diet is greater
than that in a riparian habitat, theugh it is unclear uhethor
this is because the coastal habitat is less optimal and thus
food hardsr to obtain or whether it is simply a reflection
of a greater divaisity of available prey. Both Kruuk and

Hewson (1978) and tiatuon (1978) found the density of otters
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to be higher in a coastal area than in a riparian habitat
suggesting a more optimal envirdnmento Hatler (1971), whilst
conceding that potential food sources are widely and
abundantly distributed, points out that temporal restrictions
are placed on hunting by the tidal cycle and notes that this
can result in considerable stress on mink at certain times
of the year.

As no measure of the density of the prey species
available has been obtained, the discussion of mink diet

has necessarily been very superficial. It seems reasonable

£d“£ésﬁﬁe; houevéfgifhat_ahfihéméﬁfihg and summer the
numbers of many of the prey species will be at their most
abundantg thus apparent differences in numbers taken may well
be the result of specific preferences rather than simply
reflecting absolute availability. All the species of small
mammals which appeared in the diet on the North Tyne were
trapped with relative ease, hence the explanation for the
large proportion of lagomorph in the diet may simply have
been that this was a preferred food, when availability of all
species was similar, or that more scats are produced from a
rabbit kill than from small mammals,

The present results differ from those of previous
workers at the specific level, whilst the importance of
major groups, fish, mammal and bird, is fairly consistent.
The high incidence of lagomorph seems to be the only major
anomaly at the species level and this may be partially due
to the fact that Day and Linn (1972), Akande (1972), Chanin
(1976) and Cuthbert (1979) only presented data for the
annual diet,

The majority of scats in the present study were
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collected from breeding dens and this may have introduced
bias in the results. Gerell (1969) noted that a female mink
became more diurnal in the post=parturition period, whilst
the radio~tracking study described in Appendix I showed that
a juvenile male was apparently diurnaly hence these animals
may be subject to a slightly different prey availability
than those which have provided the results of previous studises,
An analysis of otter diet from spraints collected
on the North Tyne at the same time as this study, was made
available by N. Pautard (1980). Comparison of Figure 8a with
Figure 14 sths'there to be minimal overlap between the diet
of these two predators. The principal prey group in the otter
diet was fish, comprising 86:2% of the total diet, whilst
fish were of secondary importance to mink, forming only
26°7% of the total diet. Amphibians formed 9:2% of the otter
diet but only 0¢7% of mink diet. Salmonid, cyprinid and
stickleback were taken in similar proportions, although even
then, the frequency of ocecurrence in the otter diet was
double that in the mink's diet, The mink's food spectrum was
apparently wider than that of the otter as mink consumed a
total of 18 different ﬁrey species of which 15 comprised
individually less than 5% each of the diet and accounted
for only 21% of the total diet. In contrast, the otter
concentrated on a total of 12 prey species of which 8 formed
only 16% of the total diet. Thus the otter obtains B84% of
the diet from only four prey species and must therefore
be a specialist predator. 89% of the otter's diet consists
of completely aquatic prey, and a further 10% of semi-aquatic
prey, whilst the mink's diet is composed largely of
terrestrial prey (50% of the diet) with aquatic and semi-

aquatic prey forming a further 25% each., A further separation
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occurs in the size range of fish selectedg the mean size
of salmonids taken by mink is 110 % 0.8 cm, whilst the
mean taken by otter is nearer 15 cmo

From these results, it is apparent that mink
and otter do not compete for food during the summer in this
study area., All the authors who have previously studied this
problem in Britain have come to a similar conclusion. The
only possible instance of competition for dietary requirements
was reported by Erlinge (1969) in a Swedish habitat during

the winter months uwhen conditions are likely to be more

extreme., S a oo Tt - -
A comparison of the results from the present
investigation of the diet of coastal mink with those of
Watson's (1978) study of the diet of coastal otters in
Shetland indicates a distinct separation of diet. For the
period May=June, Watson (1978) calculated that fish comprised
84°8% of the diet with the remaining 15°2% being accounted
for by Crustacea. In contrast, the mink took 34°6% of its
diet as fish, crab accounted for 26:2%, mammal 21°5%,
bird 5°4% and vegetation 11:5%, Within the fish group the
most important species to the otter were, in rank order,
butterfish, Yarrell's blenny and rockling, whilst the
common blenny, eel and butterfish were the most important
fish species to the mink, although contributing a much
smaller proportion of the diet overall.
! Watson (1978) noted that the diet of a juvenile
otter was different to that of its mother and suggested
that fhis was because the cub was not very adept at catching
the fish prey preferred by the mother and therefore was

forced to take crabs and other prey which are less favoured
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by its parent., It is possible that,if the mink is only

a recent colonist,it too has not learned to cope with suifter
prey species. It does seem more likely, however, that the
mink's inferiority to the otter as an agquatic predator in a
riparian habitat also extends to the coastal habitat., If this
is the case, there may be cause for alarm that the mink will
compete with otter cubs which take a large proportion of crab.

From a comparison of these two studies, it seems
that the mink is less completely a coastal animal than the
otter andy,in the event of competition, may be able to take
advantage of a mamhéiiéﬁ“ﬁféy food refuges " - : b

Although the present study is incomplete, the
trends indicate that there is 2 change in the composition of
mink diet in the riparian habitat between spring and summer.
Initially, the order of importance of the major prey groups
was fish, mammal, bird, amphibian and invertebrate, although
during the summer the mammal group doubled in importance.

This change seems to be mainly due to a variation in prey
availability coupled to some extent with preference for
particular species,

At Galloway, where the majority of scats were
obtained from a single breeding den, there was a temporal
variation in the diet, lagomorph increasing in importance
during the sampling period whilst both fish and crab declined,
It was postulated that this variation may have been due to
the varying requirements of a female and kits during the
breeding season,

On the rivers, half the diet was composed of
terrestrial species with the remainder equally divided betueen

aguatic and semi-aquatic prey. On the coast, however, the
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proportions of aguatic, semi-aquatic and terrestrial prey
types were approximately equal, |
The radio-tracking data showed that numbers of
scats sncountered and padding are unreliable indicators of
mink presence or absence. In addi£i0n9 the juvenile male
tracked exhibited a diurnal activity pattern which may have
been a result of maternal influence. It engaged in much
exploratory behaviour indicating either the establishment
of a territory or the initiation of a dispersive phase.
From the random use of den sites it was postulated that
denning may be related to-either prey capture or convenience.
There was apparently no dietary competition
between the riparian mink and otters and the excess of
potential den sites would seem to preclude competition for
lying-up places. It seems unlikely that the mink is a
potential competitor with the otter in a coastal environmenfp
although any dietary overlap is most likely to occurluith
the otter cub, when the latter would be most likely to

suffer from dietary competition,
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APPENDIX 1 3 RADIO=-TRACKING RESULTS

The activity patterns of mink were compiled from
two separate periods of radio-tracking., Mink A was tracked
continuously for a total of three days in April and Mink B
for four days at the end of August. The former was a Silver-
Blue adult male and Mink B a Silver-=Blue juvenile male,

Both were trapped along the same 100 m length of the North
Tyne at Chollerford (A at trap 3, B at trap 2, Fig 16) and
taken to Durham to be fitted with radio collars,

The animal was anaesthetised using "Vetalar"
(ketamine hydrochloride) which took effect within five
minutes. A shallow collar of fur was shaved from the neck
of the mink and the AVYM radio collar containing a SM1
transmitter at 173 MHz was attached. These transmitters had
a potential battery 1life of six months and weighed 1299 g
repfesenting less than 1°4% of the mink's body weight. A
Beta light was attached to Mink B's collar to aid location
at night.

Mink A reméined in captivity for two weeks after
capture, whilst B was released after 14 hours, once the
effects of the anaesthetic had worn off, Tracking was carried
out on foot using a hand-held Yagi aerial, the equipment had
a theoretical range of 2 km, but in practice this was
reduced to 500 m, A was tracked virtually continuously
during the 24 hour period with only a short break of 2 to
2% hours between 12.30 to 2.30 pm. Mink B8 was not tracked
overnight after observations had showun that there uas
apparently no activity during this period., N. Dunstons and

S. Pickering have kindly made the observations on Mink A
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available for comparison with those obtained from tracking

Mink B

ACTIVITY PATTERN

Figure 15a shows the activity patterns of the two
males over the period for which they uwere tracked. Activity
was calculated as a percentage of time spent inactive, the

results are shown in Table 11,

TABLE 11: Activity as a percentage of time spent inactive,

" Animal am. pm.  Night ~ Day
A 4% 51% 27% 10%
B 11% 36% _ 17%
B* 12% 46%

= =

# gctivity as a percentage of hours of daylight,

The day was arbitrarily divided into two tuelve
hour periods from 12.01 am to12.00 pm (am) and 12.01pm to
12,00 am (pm). Mink A was equally actiQe during both periods,
however Mink B was markedly less active during the am period;
Activity uaé then calculated as a percentage of time
inactive, but divided on the basis of hours of darkness
and hours of light, A was relatively more active during the
night whilst B was completely inactive during this time.

Figure 15b shows the total activity per hour over
the whole tracking period and the mean activity for each hour
of the 24 hour period. From both this and Fig 15a it is
apparent that Mink B was completely diurnal whilst Mink A
was marginally more active at nigh£ than he was during the
day.

Both mink appeared to have two periods of more
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intensive activity; Mink B between 1 pm and 3 pm and from

5 pm to 7 pm. Mink A's activity peaks were slightly different,
being 10 am to 12 pm and 6 pm to 9 pm with a fairly high
sustained level of activity from 9 pm to 1 am. Mink A uwas:
tracked during April, the end of the breeding season when

males are normally very active.

MOVEMENT

Only the results obtained from tracking Mink B will
be discussed. The longest distance travelled during a single
bout of activity was 470 m which was covered during a period
of seven hours, Contact was 16§t during this -period-houever,-
so the exact'extent of the journey was unknoun. The mean
speed was calculated from all those journeys of which the
starting and finishing time uere'knouﬁ accurately, and was
2.7 m/min., The fastest travel time was recorded when tﬁe
mink moved 244.6 m in 57 min, giving a mean speed of
4.3 m/min.

In the field the activity pattern seemed to be
based an a period during the morning when movement was
concentrated around the den site used during the previous
night. Around noon, after a short lull, rapid activity uwas
often registered as the mink cerred considerable distances
along the river bank during periods of continuous movement;
it was at this time that most of the day'®s travelling
occurred, Activity invariably decreased again during late
afternoon prior to a mid-evening bout whiech was similar to
that of the morning in that activity was concentrated in
a single areao |

The animal was visible for much of the time that
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it was travelling (60-=70%), and seemed to prefer a path along
the water's edge, hopping between boulders and running along
the muddy shore., After each brief period in the water, the
animal shook itself dry. On several occasicns it was seen
to dive and remained submerged for an average of four
seconds, Both mink A and B remained within 10 m of the river
during the tracking period,

During the study, mink B used a different den
site each night, houwever, three of these were within 135 m
of each other. The first night was spent under a pile 6?
brushwood and fallen trees several metres from the release
point (trap 2 on Fig 16). The second night was spent 470 m
upstream on the "Island", The final two nights uwere spent
close to the driginal trap site, and during this period,

all activity was restricted to a 309 m length of the river,

PRESENCE OF -OTHER MINK

Prior to mink A's capture, an adult female was
caught in trap 3 (Fig 16), but subsequently died as a
result of mating and trapping injuries. During the April
tracking period, two mink were heard screaming and fighting
and it is possible that mink A was one of them,

During the four deys in August,three mink other
than mink B were also seen. A chocolate coloured mihkD
possibly female {(mink C) was observed on August 22near a small
feeder stream (point A, Fig 16) close to mink st last
known position at that time. The following day she wuas
sighted further douwnstream near trap 2 and was observed
attempting to catch a moorhen. The second animal,(mink D)
had a dark brown pelage and was smaller than mink B ( and

thus possibly a female). On two consecutive days this
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animal chased mink B out of a clump of sycamore trees,
accompanied by much vocalisation, causing mink B to move
upstream,

The third animal, mink £, was another Silver-
Blue, possibly adult., It appeared from the rushes and came
20 m up the bank passing very close to the observer before
entering a den in a dead tree., On emerging several minutes
later, it continued dounstream, sniffing as though following
a trail, On later inspectiony the den was found to contain
three rabbit carcasses and numerous bird remains., It is
possible that it was a breeding den and thus that mink-

B,C and E were related.

DIET

During the course of the tracking period, mink B
was known to have attacked and consumed a2 rook with a
damaged wing, At one point, he was seen to emerge from the
river with a fish in his jauws, possibly a minnow., Six hours
after his release, he was seen to eat two laboratory mice
which been left near the trap site, and whilst in captivity
had consumed four one day old chicks., Mink A uas observed
to catch a juvenile rabbit, Both mink A and B were observed
eating vegetation, and both seemed to preface about of

activity with a drink from the river,

DISCUSSION OF RADIO-TRACKING RESULTS

During the course of the tracking period, it
became abundantly clear that the number of scats present
does not give an accurate indication of the number of

animals present. Chanin (1976) and Wise (1978) have taken
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changes in the number of scats found to be an indication of
mink activity, however,this must be viewed with caution and
related to the conditions for scat collection, for example,
heavy rain is likely to remove scats. Neither are tracks

a very reliable indication, a2s a single mink may cover a
large area of river bank in a relatively short time and has
been known to track back and forth repeatedly along mud banks
producing a number of tracks, As the pad marks of an individual
can only be recognised when the ground consistency is
favourable and then usually only by an experienced tracker,
‘this can be a véry inaccurate méthod of assessing population
size. This must certainly be borne in mind when considering
the results of surveys on the rivers Blyth, Wansbeck and
Font, Mink have been reported on the river Blyth (Watson,
pers., comm., and Richardson, pers. comm.), but no signs of
their presence were found.

The most striking result from this study was
perhaps, the diurnal nature of mink B's activity pattern,
Both Gerell (1969) and Birks (pers. comm.) have reported a
mainly nocturnal pattern in the mink which they have
tracked, the only exception being a female which became
diurnal in the lactation phase. It is possible that mink B8,
being a juvenile, was still affected by the same factors
which prompted Gerell's (1968) female to become diurnal,
During the present study, three other animals were also
seen during the day and much of mink A's activity occurred
during daylight hours. The results from tracking mink A
may, however, be unrepresentative as the animal died a few
days after the trackingvperiod from an apparent malfunction
of the liver, either due to trap stress or as a result of

mating stress. Mink #®s activity apparently increased just
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prior to dusk and decreased towards midnight. From

Corbet and Southernts (1977) general account of mammals it
appears that the majority of the minks'! ptey speties are
either crepuscular or nocturnal,

Apart from the timing of activity, the movements
involved slso bear some scrutiny. During the early ahd late
bouts of activity mink B remained close to a den site,
almost as though foraging within a restricted area. At
midday, however, the pattern became very different, large
distances were covered at high speed with virtually no
interuption, it was at "this point that-much of the -tracking
back and forth was apparent. An oscillatory pattern
similar to that described by Gerell (1969) was noted. On day
two, mink B travelled to the "Island" and once there
travelled back and forth in a restricted area prior to
moving back to trap 2 on day three., After a brief foray
upstream in the morning of day four, he travelled dounstream
to trap 3 and then back to spend the night at den 5 (fFig 16).
On day five, he travelled down to the sycamore trees
and oscillated between the trees and an area 200 m further
upstream before returning to trap 2,

Gerell (1969) and Chanin (1976) noted that the
kits normallybremain with the mother until July/August and
it is possible that by late August mink B was either
attempting to establish a territory or familiarizing
himself with the maternal territory prior to dispersion..
This speculation is based on the fact that two other mink
were seen within a small arca in which mink B spent much of
his time, yet no signs of aggressive interaction were

observed, thus they may have been siblings, whilst further
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dowunstream mink B was chased off on two occasions by mink Do
The use of a different den site each night is in
accord with Schladuweiler and Storm's (1969) results and
may possibly be governed by the availability of shelter
close to a "kill", Nights 1,3 and 4 were spent within 150 m
of each other and it would presumably have been possible for
the mink to return to the same den each night, houwever,
a different one was occuplied on each occasion., On day four,
mink B was found to have killed an injured rook which had
been frequently observed in the area. The carcass uas
fourid—in a den known to-have been occupied by mink B in
close proximity to the rook's last knouwn position. Thus it
seems likely that, having made a "kill", the mink simply
repairs to the closest available shelter. Thus a habitat
providing a large number of potential den sites is likely to
be favoured; Gerell (1969) and Errington (1946) both note

that lack of den sites may restrict mink colonisation.
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APPENDIX 2 ¢ DETERMIMATION OF CONVERSION FACTOR FOR CRAB

REMAINS

METHOD

Tuo mink were deprived of food for 24 hours prior
to the feeding trial, to ensure complete evacuation of the
gut. Fach mink was given an excess of shore crab, Co.maenas,
total weight, 185 g, A control weight of crab was placed
near the cages during the experiment to ascertain the
percenﬁage water loss., The prey remains were removed from the
cages the follouing morning and the scats were collected.,
The scats were dried at 50°C for 24 hours prior to
weighing,

Having taken into account the percentége water
loss of the control remains, the amount of crab consumed
was calculated and was divided by the weight of scats

produced, to calculate a conversion factor,

RESULTS

“water loss of control weight loss due to evaporation X 100

initial weight of crab

1l

1,73

\ — :.':f‘
19,75 X 100 8o 7%

Wt, of uneaten hydrated crab remains =

A) 25,34 + (_B.7 x 25,34 ) B) 55,73 + ( 8.7 x 55,73 )
100 100
=27.75 g =61.,04 g
Wt. crab presented = 182.24 189,02
Wt, crab remains = = 27,75 = 61,04
Ut. crab consumed = 154,49 127,98
Wt. scats produced = 12.79 6,12
CoFe = Wi, ingested = 154,49 127,98
Wt., scats 12,79 6,12

12,08 20,91
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Mean C.F = 154,49 + 127,98 = 282,47
12,068 + 6,12 18,2
= 15,5
DISCUSSION

The estimation of a correction factor based on a
single feeding trial using only two animals must be vieued
with scepticism but is included here for completeness., In
this case, the individual mink were observed to use
different feeding strategies and this may have either
increased the inaccuracy of the meéthod or may have
mimicked the situation in the wilde. Until there are
observations of wild mink feeding on crabs, the efficacy
of the method cannot be assessed. The same reservations must,
however, apply to previous estimates of Conversion Factors
for various prey types ( e.g. Wise, 1978).

One of the two animals ate the crabs complete,
crunching the carapace, whilst the other attempted to kill
the crab with a bite in the carapace and thenremoved the

carapace and ate only the contentso
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SUMMARY,

Mink scats were collected from two rtiparian areas in
Northumberland and a coastal site in Galloway, in order
to investigate the spring and summer diet of Feral.minko
The order of importance of the major prey groups in the
riparian habitat was:- mammal, fish, bird, amphibian,
There was seasonal variation between spring and summer,
as the diet changed frqm a predominance of fish to one of

mammal, with a decrease in the importance of amphibians.

"On the coast, the main prey groups in order of importance

weres~ fish, crab, mammal and bird.

There was temporal variation in the coastal diet over the
three collection periods in June and July, thé mammal group
becoming increasingly important,

Half the riparian diet uwas composed of terrestrial species,
with aguatic and semi-aquatic species providing the
remaining two guarters respectively. On the coast, the
three types were equally represented.

As few scats were collected initially, an individual wuas
trapped and radio-tracked in an attempt to ascertain how
much time mink spent close to the water course.

The juvenile male tracked exhibited a diurnal activity
pattern, remaining within 20 m of the river, and displaying
much exploratory behaviour.

It was concluded that mink and otter did not compete during
spring and summer in the riparian habitat and that they

would be unlikely to do so on the coast were they sympatric,
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