VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

Temperature-Mediated Shifts in the Foraging Behaviour of the
Eurasian Otter, Lutra lutra L.

Alan Edward McCluskie

Presented in candidature for the degree of Doctor of Philosophy to the Faculty of Science,
University of Glasgow, September 1998.

©Alan McCluskie 1998.



ProQuest Numler: 10320904

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10390904

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346






CANDIDATES DECLARATION

I declare that the work recorded in this is entircly
my own unless otherwise stated. No part of this

work has been submitted for any other degree.



ACKNOWLEDGEMENTS

1t would have been impessible to have even thought aboul carrying out a project like this
without the help and support of innumerable people, and it would require a volume of
similar length to this to list them all, so my apologies to everyone | have not mentioned.

Firstly I would like to thank the people of Tayvallich and its smroundings, for consistent
logistical support, good humour, good stories, good times and often good tunes. In
particular, Duncan Abernethy, Donald Burgess, John aud Pat Grafton, Hans and Judy
Unkels, Dougie Turnside, John Pease and his fellow naturists, Sarah and her mental
mother, and especially John Macdonald, for consistent assistance, advice and a better
class of gossip. John and Mary-Lou Aitchenson also deserve mention just for being so
damn nice. Randolf and Cathy Scott and fanuly provided the musical accompaniment o
the whole sordid affair, and made life a lot more entertaining. Jim Atchinson of Millport
Marine Laboratory always gave logistical support as well as advice and lunch in the inn
whenever his particular boat was in.

At Taynish I was continually supported by the staff of Scottish Natural Heritage, and in
particular I would like to thank John and Bettina Halliday and their weans, for friendship
and support, and some of the best curries and cakes I’ve had.

Everyone I met at the Institute of Temrestrial Ecology, Banchory, helped me enormously.
David Carss, who knows more about otter facces than is probably heuithy, helped greatly
with the feeding trials, as did Kenny Nelson and T.orna Brown, who helped to infroduce
me Lo the otters. Hans Kruuk helped me immensely in the conception of the project and
subsequently was always available to offer valuable assistance, advice and inspiration,

At Dunstaffnage Marine Laboratory, Robin Gibson and Martin Sayer freely gave of both
advice and the use of facilities for all matters piscine, in particular the use of the
laboratory boat and its merry crew of old sea dogs, Para and Dougie, for the collection of
fish.

Back at Glasgow an army of people provided assistance and distractions. The University
technical staff, purticularly Alan MacGregor, Isobel Thomson, Liz Denton and June
Freel, were a joy to work with. Ruedi Nager provided valuable statistical advice. Karen
Taylor and Johann Holt bothered fish for me as part of their honours projects, as did Liz
Pryor, whosc work with the escape responses of prey was as invaluable to me as il was
tedious for her. Anne Stewart threw furry tins of hot water into the sea with a certain
panache to provide heat loss data, and Laura Graham worked through a giant pile of ofter
poo with gusto and good humour, to try and determine what the pesky critters were eating
when 1 wasn’t looking. Tellow post graduates Mark Cook, Dave Stevens, Vickie Heany,
Mike Madders, and many others gave their time freely, and notably Tom Sawyer was
always on hand with much assistance as well as cheap lavatorial humour to distract me
from the dark night of writing up. Graham Ruxton, as well as giving me mathematical
assistance and advice with modelling, also gave e huge amounts of support, friendship,




and confidcnce at the times when I needed them most, and I am immensely grateful for
this.

Both my supervisors, David [louston and Pat Monaghan, were pillars of strength
throughout. David helped me constantly, with his love of natural history a reminder of
the reasons why [ was involved in the research, and I am grateful for his concern and
compassion. Pat was and remains an inspiration to me both as a scientist and human
being. She not only effortlessly combines her love of animals with a rigorous scientific
intellect, but does so with grace, humanity and humour. As an undergraduate student of
hers she gave me the confidence and the means to initiate this project, and subscquently
has always freely given of her time and abilities whenever 1 have needed them. It is
completely true to say the project could not have been started, carried out and completed
without her. Her dog Duncan is a bit special too.

My parents, Bob and Maureen, provided much assistance, not only financial, and moral
support (hroughout the course of the study, though I suspect that to this day they are not
quite sure what it’s all about. I am blessed by their constant {ove.

Paula Keane has heen by my side throughout, giving love and support. She has been my
field assistant, advisor, companion, accemplice, friend and lover, and without her the
study would not only have been impossible but pointless. There are simply not enough
words.

Finally my thanks to Tubby, Sarah, Robbie, Sandy, Mutt and Jeff, Mabsut, Natasha,
Ntini, Psipsina, Pat, Maggie, Lardass, Seamus, and all the other otters that have inspired
and entranced me over the years.




ABSTRACT

Environmental variables will influence the behaviour of an animal by changing its state,
and a relationship exists between such variables and the animal’s behaviour. Agquatic
animals are particulurly under the influence of the medium in which they forage, and

changes in this may have profound effects on the behaviour

Recent studies have demonstrated that the metabolic costs of foraging in the Eurasian
otter (Lutra lutra) are increased substantially by depressed water temperature, Otters are
cormmmon around the west coast of Scotland, and yet they are frequently exposed to low
water temperatures. This project examined the foraging behaviour of otters at the Taynish
peninsula, Mid-Argyll, Scotland, and the effect of low water temperaturcs on otters and

their prey, by observing the behaviour of otters at a range of water temperatures around.

A rcgime of stationary fish trapping was initiated over 15 months to examine seasonal
and spatial fluctuations in the abundance of the prey species. While the limitations of this
method of assessing prey populations are discussed, it was clear that there were profound
differences in the prey camposition of the three habitats studied and that these changed
seasonally. An examination of the accuracy of faecal analysis as a means of quantifying
the diet of otters, was carried out. From this, potentially more accurate methods of
asscssing diet were suggested. The diet of the otters around the study sitc, as determined
by observations and analysis of the faeces, demonsirated that the otters were selective of
their prey at certain times of year, corresponding with those times of high prey

abundance, but at times of poor prey abundance such selectivity was reduced.

Foraging sitc use by the otters was examined in the context of temperature mediated
fluctuations in prey biomass, as determined from the trapping. While the overall use of

the habilats matched that with he highest biomass, temporal variations in this did not




correspend with variations in biomass. Potential explanations for this are discussed.
Changes in the activity levels and escape responses of some of the otter prey species were
examined experimentally, and were found to have a significant positive relationship with
water temperature. However, the actual capture times of these species, as determined
from direct observations of the otters feeding, did not change with water temperature.
This may have been caused by longer search times in colder water, or be due to the fact
that otters forage for their prey when it is in the inactive component of ifs activity cycle.
T'rom this il was hypothesised that the otters would change the timing of their foraging in
cold water, as it would no longer be dependent on the bebaviour of their prey. This was
tested by direct observation, and while no relationship was observed at any time of year
with the tide, the observed relationship between foraging activity and time of day was

altered in the winter.

The relationship between the paramcters of dive behaviour and water temperature was
investigated. There was no strong relationship with any of them, however following
recent studies in the literature, it was hypothesised that the metabolic costs of foraging
would Jargely be met after the foraging bout was completed. A mathematical model was
constructed to describe the relative amount of on land recovery time needed after a
foraging bout at different water temperatures. This predicted that morc time would be
spent on land in lower water temperatures, and these predictions were upheld by
observations from the wild. It was also apparent that the otters made greater use of
deeper water during warmer water temperatures. This phenomenon was investigated by
cost benefil analysis. Fish (rapping revealed that there were better prey in deeper water
and the success rate of dives was also higher. Conversely, dive titmes were longer in
decper water, and the prey, though of better quality were associated with longer handling
times.  Furthermore the rate of heat loss from the otter pelt was determined
experimentally to be greater in deeper water. These data were combincd in the form of
an optimality model, which conlirmed the results of observations that the otter only

foraged in deeper water when the temperature of the water was relatively high.




In conclusion it was found that the foraging behaviour of the otter was influcnced by

water temperature in the following ways:

1. The temporal pattern of foraging changes in the winter

2. Post-foraging recovery times on land are increased in colder water temperatures
3. Otters are restricted in their use of depth in colder water

These results have demonstrated that the foraging behaviour of the otter canmot simply be
viewed in terms of handling costs and prey energetic value, rather the complex influences
of environmental variables on the otters physiological state, and the complex relationship

this has with its behaviour, must be considered.
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CHAPTER 1

INTRODUCTION

The science of elhology has provided us with accurale methods for describing and
analysing animal behaviour, and the theoretical framework to understand and predict
the response of an animal to a particular situation (Huntingford 1984). In particular,
ethology is concerned with explanations of behaviour in both causal and functional
terms. This does not however mean that it cannot have positive applications outwith
its theoretical realms, since an understanding of an animal’s behaviour will be of
value in all situations where there is an interaction between hwmans and antmals
(Monaghan 1984). Such understanding, for example, can be critical in situations
where an animal population is threatened, in order to implement constructive
conservation policies 1o protect it (Macdonald, 1995). Of particular importance to
conservation is a comprehension of the manner in which an animal interacts with its
enviromment, particularly with reference to foraging behaviour (Clemmons and

Buchholz 1997).

Of all the aspects of behaviour, the finding and consumption of food is of paramount
importance to virtually all animals. It will influence subsequent aspects of their
behaviour and ecology by determining their ability to carry out further activity,
breeding and growth. As such it has created the basis for much of the taxonomic

diversity evident in present biological systems and is one of the duving forces of




adaptive radiation (Hughes 1993). In commen with other behaviours, foraging can be
studied by the application' of cconomic principles, and two koy papcrs that weore
published in 1966 can be seen as the beginning of the principles of what is now
known as optimal foraging theory. Both the work of MacArthur and Pianka (1966)
and Emlen (1966) predicted that natural selection would mould foraging behaviour
whereby an animal would promote its fitness by maximising its net rate of energy
gain, In order to understand this process the behaviour can be viewed as having costs,
for cxample travel time and predation risk, and benefits, for cxamplc the encrgctic

gains of different food types.

Such aspects of foraging are of particular interest in the context of diving predators,
animals that forage underwater, but that must come to the surface to breathe,
Selection pressure has acted upon these animals to produce a range of anatomical and
physiological adaptations to copc with the difficultics that are faced by foraging in an
aquatic medium. This medium creates a range of constraints, particularly with regard
to respiration, pressure and heat loss. The effects these have been studied both in vivo
(for example de Leeuw 1996) and by modelling (for example Carbone ef al. 1996).
Historically the study of such diving behaviour was initiated by Dewar (1924) who
described the diving of birds via dircct obscrvations, {ollowed by Scholander (1940)
who atiempted to define the respiralory adaptlations of divers experimentally by forced
submersion. Such involuntary diving could mnot, in retrospect, provide accurate
physiological data, but it did provide valuable insight into some aspects of the animals
means of coping with the respiratory stresscs of diving., The real breakthrough in our

understanding of the adaptations to diving came with the advent in the 1960s and




1970s of recording devices and transmitters that could be atlached (o or implanted in
the divers, (for example Kooyman 1973, Le Boeufl er af. 1988). These allowed, for
the first time, detailed studies to be made of both the behavioural and physiological

demands and adaptations of diving predators.

Mathematical models, which attempted to describe diving behaviour and physiology,
have added greatly to our understanding of the underlying mechanisms behind aquatic
predation. A major protolype in this field came from the insight of Kramer (1988)
that the marginal value thcorem, one of the commonest optimality models, could be
applied to divers. Kramer (1988) modelled the optimal allocation of time within the
dive cycle, that is travel time, from and back to the surface, foraging time, and inter-
dive recovery time for divers and s approach was further refined by Houston and
Carbone (1992). Subsequently numerous models based around the dive cycle have
been produced, with perhaps more models than empirical evidence to support them,
examining all the physiological and behavioural aspects of diving.  While such
models have concentrated on the dive cyele, it has been demonstrated that all the
metabolic costs of diving are not met during the diving bout, but are met subsequent
to it during recovery periods, (de Leeuw 1996). This work demonstrated the need for
reliable field data to be obtained describing the aspects of diving defined
mathematically elsewhere. Furthermore a degree of stochasticilty must be
incorporated into such models to allow for variation in the costs and benefits that may
be caused by envirommental influences, such as water temperature, on the animals

state (TTouston 1993).



There are a number of difficulties in attempting to study aquatic predators in their
natural habitat. For example, much of their foraging behaviour occurs underwater,
and they are often too far from the shore for direct observations to be made. To some
extent many such difficulties have been overcome by the use of radio-telemetry
(Macdonald and Amlaner 1980). Not only can a reasonably accurate location for an
animal be given, but certain aspects of their foraging behaviour can be measured, for
example the length of dives can be recorded since the signal may not transmit
underwater. This has successfully been used to monitor the feeding behaviour of
common guillemots, Uria aaige, in years of fluctuating habitat quality, (Monaghan et
al. 1994). Radio-telemetry does however also pose problems. Only a limited number
of auntmals can be tracked at any one time, thereby reducing the sample size, and the
attachment of the transmitler may cause behavioural or physiological problems that
invalidate the data, (see for example review for penguins and other seabirds, Wilson et
al. 1997). Implantation of the fransmitter can reduce some of these problems,
however the necessity of invasive surgery creates a number of new problems, and the
range of the transmitler may also be reduced (Kuelche 1982). Many of these
problems could be overcome by the study of an animal that not only forages close to
the periphery of the water to allow dircet observation to be made, but that also feeds
on the surface, so that prey cuan be identified. One such animal is the Eurasian otter,

Lutra lutra,

Although described as “vulnerable” in the current JTUCN Red Data Book (IUCN
1988), the Eurasian otter is the most widely distributed of the 13 species of Lutrinae

from the family Mustelidae, and the only one that occurs in Europe. It also occurs in




Africa and Asia. Of the other 13 species, two are found in North America, L.
canadensis, the river otter, and Erhydra luiris, the sea otter, in South America there
four, the sea cat, L. felina, the giant otter, Preronura brasifiensis, the southern river
otter L. provovax and the neotropical otter L. {ongicandis. Four species are found in
Aftica, L. lutra, L. maculicollis, the spotted-necked otter, Aonyx capensis, the Cape
clawlcss otter, and Aonyx congica, about which virtually nothing is known. Finally,
five are found in Asia, L. lutra, Enhydra lutris, the small clawed otter, donyx cinera
the smooth coated otter, L. perspiciliata, and the rather inelegantly named hairy nosed

otter, L. sumatrana, {Kruuk 1995)

In many ways thc Eurasian ottcr is idcally suited to the study of behavioural
adaptations to aquatic foraging. it 1s large enough to allow observauions o be made, it
feeds close to the shore, it always eats its prey on the surface (as confirmed by all
observers, see review in Kruuk 1995), so its prey can be identified, and it feeds on
bottom-living prey (for example Watt 1995), so the depth it is diving to can be judged.
They feed successfully in both freshwater and the sea, and generally in the sca they
feed during the day so it is possible to make direct observations of them from
concealed viewpoints along the coast, (Kruuk and Hewson 1978). From thesc
observations many ol the basic parameters of diving can be described, such as dive

time, surface time, and success and depth of dive.

Most of these behaviours were first coherently described and evaluated by Hans
Kruuk and his team at the Institute of Terrestrial Ecology in Banchory (see review in

Kruuk 1995). His first published account of otters made basic descriptions on the




otters feeding in the sea of the west coast of Scotland (Kruuk and Hewson 1978), and
his ideas developed to include cxaminations of the organisation and densitics of otters
(for example Kruuk and Moorhouse 1991), food and foraging behaviour (for example
Kruuk and Moorhouse 1990), and the energelics of foraging (for example Kruuk and
Carss 1996). These studies have demonstrated that while the otter is a successful
predator, it 18 not highly adapted for the semi-aquatic mode of life, and foraging in the
aquatic environment is highly costly to it. It is particularly costly, as demonstrated by
metabolic studies by Kruuk ez af. 1994, with respect to the loss of body heat to the
surrounding water, where there is a sharp increase in the metabolic costs of foraging
with decreasing water temperatores, Al otters do not have the physical adaptations to
reduce heat loss normally associated with aquatic animals, such as a layer of blubber
(for example, Trving and Hart 1957) or an ahility to restrict the flow of blood to
peripheral organs (see for example Harmrison and Kooyman 1971), relying instead on
their dense fur (Tarasoff 1974). There are inner and outer layers of hair in the oiters
pell, and aix is trapped betwoen them during submersion creating an insulating barrier
against heat loss, similar to the air layer belween the feathers of many diving birds
(Wilson and Wilson 1996). The function of this air layer can be relatively easily
compromised, for example by salt crystals (Kruuk and Balbharry 1990) or pollution
(Costa and Kooyman 1982), and so requires constant grooming and inainlenance
(Nolet and Kruuk, 1989). However the pelt, while providing the only insulation an
otter has against heat loss, 1s a relatively poor insulator when compared with blubber
(Tarasoft 1974). Therefore the loss of heat is a major cost to foraging otters, as
demeonstrated metabolically by Kruuk ez ¢f. (1994) and these costs will have to be met

in some way, particularly for animals foraging in cold water. Potential solutions to

=1



this have been modclled, for example Kruuk and Carss (1997), created a model which
demonstrated that the amount of time that the otter required to spend foraging in each
24 hour period increased with depressed water temperatures. However there have
been no field studies to examine how the olter copes with foraging in low water

temperatures.

Therefore this study set out to examine how some of the physiological demands of
being an aquatic predator, particularly those related to heat loss, are met by
behavioural responses by otters during foraging. To do so, a series of basic habitat
parameters were examined to determine if any effects on foraging were related to
increascd costs i cold water, or were secondary effects duc to changes in prey or
habitat. Then we were able (0 e¢xamine the foraging behaviour of the otfers in

different circumstances to determine the functional significance of any changes scen.

In chapter 2, I cxaminc scasonal fluctuations in the numbers and distribution of the
main prey species of the otter. Chapter 3 attempts to refine the description of an
otter’s diet by spraint analysis through the use of feeding trials on captive otters. This
methodology, in conjunction with direct observation, is used in chapter 4 to describe
seasonal and spatial variations in the diet of ofters around the study site. Chapter 5
examines seasonal changes in habitat use by otters, particularly in relation to
fluctuations in prey biomass and water temperature. In chapter 6 describes an
experimental study of the effects of water temperature on the behaviour of prey
species, and otter foraging behaviour is examined in this context in chapter 7. Chapter

8, with the assistance of a basic mathematical model, attempts to describe how the




increased metabolic demands of foraging in cold water described by Kruuk ef af.
(1994) are met by behavioural change, and one particular aspect of this, the use of
depth is investigated in chapter 9. Finally in chapter 10 all of these ideas are brought
together to describe some of the behavioural responses to the physiclogical demands
of foraging in cold water, and to describe the potential usefulness of such information

in the context of the conservation of this vulnerable species.



Figure 1.1. The Taynish Peninsula



Figure 2.1. The Location of Trap Sites around the Taynish Peninsula



CHAPTER 2

SEASONAL AND SPATIAL FLUCTUATIONS IN THE PREY SPECIES
OF THE EURASIAN OTTER
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CHAPTER 2

2.1. INTRODUCTION

Foraging patterns of any predator will to a large extent be determined by the patterns
of distribution of its prey. Therefore, in order to understand the functional
significance of the foraging behaviour of an animal, it is necessary to examine the

temporal and spatial patterns of the distribution of their prey species.

While Eurasian oticrs, (Lutra lutra) forage in both marine and freshwater habitats, the
greatest concentrations of their numbers are found in marineg environments, duc to a
number of factors including prey concentration, pollution and disturbance (Kruuk
1995). In the British Isles, the most important of these include the Shetland islands,
the Hebrides and the west coasts of Scotland and Ireland (Green and Green, 1988).
This concenfration in the west coasts in likcly to be due to some extenl lo poorer
drainage and therclorc a higher availability of fresh waler in which to bathe, (Kruuk
and Balharry, 1990). In the marine environment, otters feed largely on bottom
dwelling fish and crustacea within the inter-tidal and sub-tidal zones (Kruuk, 1996},
Variations in the population levels of these specics, both scasonal and spatial, will

directly affect the local populations of otters.

There have been several studies on the diet of otters feeding on marine prey, {e.g.
Mason & MacDonald 1980, Kruuk & Moorhouse 1990, Watt 1995, Beja 1997), All

suggest that otters feed on locally abundant species, and where there is an abundance
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of prey, such as in Shetland, the otters will choose the most energetically profitable
(Kruvk & Moorhouse, 1990, Watt, 1991). The majority of these prey items are
bottom dwelling, such as eeipout (Znarces viviparous), buiterfish (Pholis gunnellus),
S5-bearded rockling (Cifiata mustela), bullvout (Myoxocephalus scorpius), cel
(Anguilla anguilla), as well as a limited amount of crustaceans, especially shore and
edible crabs (Cancer maenas and Cancerus paganelus). The proportion of
crustaceans in the diet is likely to be related to the age and experience of the otter
(Watt, 1993). Other, free-swimming specics may become scasonally important, for
example gadoids such as cod (Gadus morhua), and pollack (Pollachius pollachius),
increase the proportion of time they spend in shallow waters in the winter, and at this
time become important prey species to the otter (Watt, 1995, and see chapter 5).
Goldsinny, rock cook and corkwing wrasse (Cienolabrus rupensis, Centrolabrus
exoletus, and Crenilabrus melops) retreat mto crevices at night and in the winter
(Sayer et al, 1994), when they became available to foraging otters. At this study site,
the Taynish peninsula, the otters followed the pattern of other west coast studics (e.g.
Watt, 1995, Mason and Macdonald, 1980), feeding predominantly on butterfish,
gadoids, and eels. However unlike other areas, rock and black gobies (Gobius
pagannellus and G. niger) and goldsinny, rockcook and corkwing wrasse, are also

important in their diet (see chapter 5).

In a number of studies (Kruuk et af 1988, Heggberget 1993, Beja 1995, and Wattl
1993), fish traps have been used to monitor the populations of the prey species of the
otters. These are funnel (raps that rely on the prey species' tendency to seek out

cervices, rather than baiting, to attract the fish (Kruuk ef af 1988). A sampling

14




metihod such as this, which relies on the prey species behaviour, wili catry a certain
amount of bias, making inter-specific comparisons ol abundance based solely on
catches unreliable. Kruuk ef af (1988) suggested hand searches of the infra-littoral
zone to obtain correct numbers of prey and using these figures to calculate correction
factors, which can then be applied to the catches from traps. The implicit assumption
here is that the population of fish at low tide (when the hand sampling is carmied out)
is the same as at other tide states, when the fish are caught. While this may be true for
certain prey species, especially the eelpout, which was the most important component
of the otters diet in Shetland where Kruuk’s study was carried out (Kruuk and
Moorhouse 1990) there is little evidence to either support or contradict this
assumption for other prey species. Indeed the eclpout is of little importlance in otier
diet at Loch Sween where the present study was carried out (see chapter 5). Beja
(1995) supplemented his data from fish trapping in Portugal by sampling via hand
netting and angling. His results showed profound differences in the species
composition and numbers obtained by different sampling methods (Ihid.) and
suggested that none of the methods he used in fact gave an accurate representation of

the overall composition of the fish population.

All of the above limitations apply only to making inter specific comparisons of prey
abundance. They do not apply when making intra - specific comparisons, such as
differences hetween the abundance of the same fish species in different sites. Fish
trapping can, in fact, provide us with valuable information on the relative populations
of species in different habitats, and the inherent implications of this te otters foraging

in these habitats, as well as information on seasonal variations of different species.
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For this study, we intended to answer the following specific questions:

1.

What species of demersal fish are present within the foraging range of the otters at
Loch Sween?

How does the abundance of these species vary belween the dilferent habilals
present within this range?

Do the levels of these species vary seasonally?

What implications does this have for habitat use by the otters foraging at this site?

16



2.2. STUDY AREA AND METHODS

The study was carried out around the Taynish peninsula, Loch Sween, Mid-Argyll,
Scotland (figure 1.1), between June 1995 and August 1996, This site offered a range
of marine habitats, all of which were utilised by foraging otters, (see chapter 5). For
the purposes of this study, the peninsula was subdivided into threec discrect study
habitats, as defined by physical and ccological featurcs, and each of these was further
divided into two, with regard (o the location of the fish traps as defined by more subtle
features, (see fig.2.1.). The two sites wilthin each habitat were chosen to show two
different aspects of this habitat. This gave a total number of six trap sitcs. They were

as [ollows

HABITAT 1.
Loch Sween, A fairly sheltered range of steep bedrock cliffs, separated by ledges of
broken rock.

Site 1.1. A bay of broken rock and mud, with a shallow gradient. The
infralittoral zone is dominated by Lithothamma and Laminaria saccherina, as well as
L. hyperborea, L. digitatta and Corallina officinalis

Sitc 1.2, Steep bedrock cliffs, dominated by Lithothammnia and Trailfiella
along with Corallina officinalis, Chondrus crispus, Plocamium cartilagineum,

Chylocladia verticillata and Laminaria saccherina.
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HABITAT 2.
Linnhe Mhuwrich. An enclosed shallow body of water, with a2 muddy bottom, and
some cobble and pebble shores.

Site 2.1. A slope of broken rock, pebbles and cobbles, descending down to
muddy sediment. Dominated by Lithothamnia and Pomatoceros triqueter.

Sitc 2.2. A shallow muddy slope dominated by a dense bed of Zostera

Rarindg.

HABITAT 3.
Linnhe Mhuirich rapids. Shallow tidal rapids with extensive beds of maerl and
massive sponge colonies.

Site 3.1. Narrow tidal channel, composed of boulders and bedrock, with
patches of cobbles and pebbles and maerl gravel. The boulders and bedrock have
growths of Lithothamia as well as Laminaria hyperborea and L. sacchering. In the
deeper section there is also extensive growths of the sponges, Halidrys siliquosa and
Amphilectus fucorum.

Site 3.2. The deepest cross-section of the tidal rapids with a dense canopy of
Laminaria saccherina and L. hyperborea. Boulders are characterised by
Lithothamnia, while pebbles are dominated by encrusting calcareous and non-

calcareous algae, along with Escharoides coccinea and Pomatoceros trigueter.
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Two fish traps were put out at each of these sites, 10m apart, at a depth of 1 - 2m, for
five consecutive 24 hr pcriods cach month, throughout the study. The fraps were
double funnelled creels, (see figure 2.2.), similar to those used by Kruuk er af (1988),
Heggberget (1993), and Watt (1995). They were 80 cm long, with a 27 cm diameter,
covered with plastic 7 mm mesh and weighted with a large stone tied inside the
second compartment. ‘They were unbaited, to prevent them from filling with shore
crabs, relying instead on the [ishes' tendency to seek out crevices (Kruuk, 1995)
during the nighl and low tide. Traps were emptied daily at low tide, and all prey was

identified, measured and weighed.

Biomass was calculated as the total weight of the animal contents of the traps and this
was done both including and omitting any crabs found. The 15 months trapping was
subdivided into seasons thus,

Summer : June, July and August

Autumn : September, October and November

Winter : December, January and February

Spring : March, April and May

Catches for each species were expressed as “cafch per trap might”, that is, the mean
no. of fish caught per trap, per night, for all traps in a particular habhitat or season.
Catches, and overall biomass, at different sites and in different seasoms, were
analysed, using SPSS 7. statistical package, and a Shannon-Weiner function of

species diversily was calculated for each study site, (IKrebs, 1987)
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2.3, RESULTS

2.3.1. Total catches

The lotal catches, with all sites combined, over (he 15 months of the study are shown
in table 2.1, Of the fish caught, the most abundant species were the black and rock
gobics, the 15 spined stickleback, eels, corkwing and goldsinny wrassc, and the

gadoids: pollack, saithe and cod. Shore crabs were also caught in very high numbers.

Eel 55
Butterfish 8
Rock gohy 134
Black goby 212
Sand goby 76
2-spot goby 21
Unid. goby 21
Shore rockling 1
5-bearded rockling 14
Bullrout 7
Long-spined sea scorpion 12
3-spined stickleback 35
15-spined stickleback 106
Goldsinny wrasse 83
Corkwing wrasse 70
Rockcook wrasse 5
Pollack 56
Saithe 37
Cod 48
Pipefish 2
Shanny 1
Flatfish 1
Montague’s sea snail 8
Clinglish 15
Trout 2
Edible crab 4
Shore crab 851
Velvel crab 1

Squat lobster 2
Table 2.1. Total catches over the whole trapping regime
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2.3.2. Huabitat effects

Catches of each of the main species were compared between the paired sites, within
the three habitats, via a Wilcoxon’s matched pairs test, with data paired via month of
collection and corrected for inaccuracy caused by the large numbers of repeated tests
by a Dunn -~ Sidak sequential Bonferroni. None of the species showed a significant
difference between any of the pairs. These pairs were therefore aggregated, into the
three habitat types for further analysis. Thesc habitats will be subscquently referred to
as “Rocky”, (habitat 1), “Sandy”, (habitat 2), and “I'idal”, (habitat 3).

Catches of the main prey items of the otters were examined for variation in total catch
of each species, at the different habitats, via a Kruskall - Wallis one - way ANOVA.
‘This was done for cach season. Due to the large numbers of repeated tests, the
probabilities obtained were corrected by a Dunn - Sidak sequential Bonferroni, (see
Table 2.2). Where a species did not show a significant difference between sites the

data from all the habitats was aggregated for subsequent analysis.

Summcr Auvtumn Winter Spring
Eel NS NS T i)
Bullerfish NS T T NS
Rock goby x Gk f NS
Black goby ok ot T NS
5-bearded rockhing T T NS NS
15 spine stickleback NS NS NS NS
Goldsinny wrasse NS - T +
Corkwing wrasse i NS t T
Pollack . NS NS T
Saithe ¥ NS * T
Cod NS NS NS t
Shore crab NS NS NS o

Kruskal-Wallis 1 way ANOVA, corrected by Dunn - Sidak sequential Benferrorni method to , * =p < 0.05; ** =p < 0.01; t =
too small a sample

Table 2.2. Results of statistical comparison of catches of the different fish species at
different sites, in each season
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A number of species were cormumnon in certain hahitats, (figures 2.3. -2.16.). Rock
gobies were caught significantly more at habitat 1, the rocky shores. Black gohies
were caught in significantly larger numbers at habitat 2, the sandy bottomed sites.
Saithe, corkwing wrasse and shore crabs were caught in significuntly larger numbers
at habitat 3, the tidal rapids. Finally pollack showed a significant preterence for the

rocky and tidal habitats over the sandy habitat.

2.3.3. Seasonal effects

To eliminate the possibility that any seasonal variation is caused by changes in fish
behaviour driven by fluctuations in waler temperature, following Kruuk e a/ (1988)
we assumed that such hehavioural change would be common throughout all the fish
specics, therefore their behaviour would change together if such temperature mediated
variation in caich cxisted. This somewhat strong assumption is tested to some cxtent
in chapter 6. Therefore, we calculated Kendall’s Coefficient of Concordance for the
most common species of fish, and this demonstrated that the catches did not fluctuate
together, (W = 0.30, y* = 14.57, p = 0.15), Wec therefore concluded that temperature

was not a major influence on the seasonality of catches.

In order to examine seasonal effects on the catches the fish were split into two groups.
Those species that had shown no significant differences between catches in different
habitats, that is eels, butterfish, live—bearded rockling, 15-spine stickleback,

goldsinny wrasse and cod, were analysed with the habitats grouped togelher, table 2.3.
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Where there had been significant differences between habitats, that is with rock and

black gobies, corkwing wrasse, pollack, saithe and shore crabs, the data were analysed

separately for each habitat, to determine whether there were any scasonal effects, table

2.4, All these catches were compared using Kruskal - Wallis one - way ANOVA, and

corrected by Dunn ~ Sidak sequential Bonferroni.

Summer
Eel A2 +.023
Butterfish 01 = .006
S-beard rockling .01 % .005
15-spine stickieback A3 +£.011
Goldsinny wrasse 21£.030
Cod 09+ .028

Kruskal-Wallis 1 way ANOVA: # =p <0.05: ** — p < 0.01; **¥ = p < 0071

Autumn
06 £
00+
01+
35+
03+
06 £

014
000
007
032
012
017

Winter
.00

.00

03+ .014
A0+ .044
.00

.04 +.020

Spring

03+
02+
.02 +
23 &
02 &
.00 £

012
011
011
034
010
000

sig

Hdohds

NS
NS

B
EE ]

sk

Table 2.3. Results of the statistical comparison of catches of the prey species between
seasons, with sites grouped together. (iven are the catches expressed as meun catch

per trap right, and the statistical significance of the ANOVA comparing the seasons.
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HABITAT I | 2 3 sig.
SEASON Su Au Wi Sp iSu Au Wi Sp {Su Au Wi $p |1 2 3
Rock goby |.65 35 00 .05{.11 .02 .00 .00][.11 .13 00 00 [** NS NS
+ + EH H 4 ES BB
.08 .08 03 .04 01 .03 06
Black goby 04 00 00 07179 49 05 31 (.36 G5 02 .17 | NS ki e
+ + = + + + + + + +
.02 04113 13 03 12707 03 02 .05
Corkwing 04 03 03 02103 03 00 00].26 .17 00 .03 |NS NS  **
wrasse + + +0 + + k + + +
020 .02 2 01 | .04 .02 06 .07 .02
“Pollack 09 22 10 03 (.00 02 00 .00 |.13 I3 .00 .00 |Ns 7 NS
s o +(0 =+ + N H
04 08 4 02 01 03 .05
Saithe 00 10 0z 0300 12 00 00{.01 20 .14 00 [NS =t e
el +0 4 = B = B
05 1 .02 .05 01 06 .05
Shore crab 99 14 20 23|72 24 21 14 |17 84 86 L0 | **¥ id NS
< HE R L A A L A Q. 4 + -I-
9 29 6 08|11 65 06 05150 17 33 .18

Kruskal-Watlis 1 way ANOVA, corrected by Dunn - Sidak sequential Bonferroal method to; * =p < 0,05, #* =p < 0.0]; 1+ =
too small a sample for analysis

Table 2.4. Results of the comparison of catches of the prey species belween seasons,
at separate habitats. Given ave the caiches expressed as caich per trap night with
standard errvors, and the statistical significance of the ANOVA comparing the
SCASONS.

Most of the species show the highest catches in the late summer and early autumn,
(scc graphs 2.16 — 2.28.), with rock and black gobics, ccls, goldsinny and corkwing
wrasse, cod and shore crabs doing so significantly. The exceptions {0 this are the

saithe, rockling and 15 - spine stickleback, which peak significantly in the winter.
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Figure 2.3. The mean catch of eels per
trap, per night, with standard ervors,
in different  seasons and different
habitats

Rackling
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Season
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Figure 2.5. The mean catch of five-
bearded rockling per trap, per night,
with standard errors, in different
seasons and different habitats
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Figure 2.4. The mean carch of
butierfish per trap, per night, with
standard errors, in different seasons
and different habitats.
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Figure 2.6. The mean catch of 15-
spine sticklebacks per trap, per night,
with standard ervors, in different
seasons and different habitats
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Figure 2.7.  The mean catch of

goldsinny wrasse per trap, per night,
with standard errors, in different
seasons and different habitats
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Figyre 2.9. The mean catch of rock
gobies per trap, per night, with
standard errors, in different seasons
and different habitats
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Figure 2.8. The mean catch of cod per
trap, per night, with standard ervors,
in different seasons and different
habitats
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Figure 2.10. The mean catch of black
gobies per irap, per night, with
standard errors, in different seasons
and different habitats
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Figure 2.11.  The mean catch of
corkwing wrasse per trap, per night,
with  standard errors, in different
seasons and different habitats
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Figure 2.13. The mean caich of saithe
per trap, per night, with standard
errors, In different seasons and
different habitats
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Figure 2.12.  The mean catch of
pollack per trap, per night, with
standard errors, in different seasons
and different habitats
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Figure 2.14. The mean catch of shore
crabs per trap, per night, with
standard errors, in different seasons
and different habitats




2.3.4. Biomass

The biomass of the catches at each site, and season were calculated. This was done
both including crabs, and also excluding them, since a large proportion of their body
mass 15 made up of the shell, the main bulk ol which is not eaten by otlers, as shown
in table 2.5. This was then analysed via a 2 - way ANOVA (o examine any

differences between the biomass of catches between seasons and between habitats

1 2 3 8ig.

Su Au Wi Sp [Su Au Wi Sp [Su Au Wi Sp |[sile seas it
Mean 264 322 119 110296 592 45 66 (54 25 185 252 | NS *%k %
biomass | * == % % + + + + 7+ 4+ &+ +
with 54 58 18 19 | 51 152 17 22 |12 350 56 44
crabs, 7
per night
Mean 80 92 83 63 |8 V2 T4+ 20 |11 10 36 36 |* EE NS
biomass + + = + + + 2 £§ |6 O £ +8
without 10 17 15 12 12 14 20 23 9
crabs,
per night

2 way ANOVA, ¥=p <005 **=p<0.01; ®¥*=p<0.00l

Table 2.5. Resulis of the statistical comparisons of mean biomass of prey calches
between seasons and habitats. Given are the mean biomasses per trap night, with
standard errors shown, and the statistical significance of the 2-way ANOVA for both
Jfactors and the interactive term (“int.”™).

The results show that when the crabs are included, figure 2.15, there are no significant
differences between the biomass of the catches at different habitats, but there is a
significant difference between the seasons. There is also a significant interaction
between habitat and season. However when the crabs are not included in biomass,
figure 2.16, there is still a highly significant secasonal effect, and there are significant

differences between habitats. There is no longer a significant interaction between

habitat and season wlhen crabs are removed from the calculation,
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Figure 2.15. The mean biomnass in grams, with standard errors, caught per trap per
night, in different seasons and in different habitat, with crustaceans included.
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Figure 2.16. The mean biomass in grams, with standard ervors, caught per trap per
night, in different seasons and in different habitats, with crustaceans excluded.
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2.3.4. Shannon - Weiner Function

Finally a Shannon Weiner function was calculated for each study site, using the data
number of species, and munber of each species coliected. This function is a measure
of the species diversity of a habitat, and is represented by a calculated nwmber
between 0 and 1. The higher the species diversity, the closer the calcutated function is
to one. The results of this are shown in table 2.6, All of the sites have a similar value,

except site 3.2., within the tidal rapids.:

Site Shannon — Weiner function
1.1. (rocky) 0.44
1.2, (rocky) 0.56
2.1. {sandy) 0.62
2.2. (sandy} 0.52
3.1. (tidal) 0.83
3.2. (tidal) 0.44

Table 2.6. The results of a Shannon - Weiner function of species diversity of different
trap sites. The higher the value, the greater the species diversity
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2.4, DISCUSSION

Throughout this experiment there has been one underlying assumption, that the catch
in these traps is a reasonable represcentation of local proy species' availability to

foraging otters. There are a number of considerations to bear in mind here,

1. Since the traps rely on the fish behaviour, it is not possible to infer inter-specific
information from the data, since different fish species will respond differently to the
traps. The traps may thercfore give a biased view of the suite of prey species
available to the otter since it is strongly influcneced by the specics catchability rather

their availability to the otter.

2. When comparing catches from different times of year, it must be borne in mind
that, variations In water temperature will have an effect on the prey's activity levels
and consequently may affect their catchability. To examine this possibility we
applicd Kendal's coefficient of concordance to the data, in the form of species
abundance for each season. We assumed that 1f there were a lemperature effect that it
would apply more or less equally to all species and therefore cause them to fluctuate
together. The result we obtained showed that the species did not fluctuate together at
all, thereby suggesting that factors other than temperature have inflyenced prey
abundance. Some caution is necessary, however. This result shows that there are
stronger effects occurring, but it remains likely that there will be some temperature-

related efllcet.




Bearing these limitations of the methodology in mind, it siill 1s possible to infer useful
information about fish populations and behaviour from trapping, and to examine such

information in the context of otter foraging behaviour.

‘the range of fish present in the study area, as shown in table 1.1, can be compared
with those al other study sites, Shetland, in Scotland, (Kruuk e/ ¢f. 1988), Maull, m
Scotland, (Watt 1995), Norway, (Heggberget 1993) and Portugal, (Beja 1995). In
comparison with these sites, the most noticeable trend in Loch Sween is the
abundance of Black and Rock gobics, Gobius niger and G. paganellus, and the
wrasse, Goldsinny, Corkwing and Rockcook. These are very different to the amounts
at thc other Scottish sites, Shetland and Mull. These specics arc not listed as being
found in Shetland so this is expected. There are far fewer butterfish than at either
Shetland or Mull, though they are an important food source at T.och Sween, (see
chapter 5). The success with which butterfish are trapped seems to be variable. Only
Watt (1995) caught large numbers in similar traps, and while they were caught in
Shetland and Norway, actual numbers were low. A similar trapping regime in
Orkney, as part of a study of the prey of the black guillemot, Cepphus gryile, also had
little success in catching butierfish (Sawyer, pers. comm.). Gibson et al, (1993),
compared catches from two methods of fish sampling, trawling and seine nets. Seine
nets are similar in method of capture to funnel traps. The seine nets were almost
totally ineffective at catching butterfish, which were found to be present in large

numbers in frawl samples. Therefore, in terms of this species only, stationary
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trapping is not useful, and the results of previous similar studies must be viewed with

a degree of caution.

Differences between Shetland and Loch Sween would be expected to some extent, but
the fairly large differences between Mull and Loch Sween are uncxpeceted. These
arcas are close to each other and are broadly similar habitats. It is unclear whether
this is a measure of a diflerence in the habitats or of the inaccuracy of the trapping.
The fact that both trappings were carried out over long pericds suggests the former

explanation 1s correct.

2.4.1. Differences Between Habitats

2.4.1.1. Small changes in habitat:

The lack of difference in local habitats i.e. between sites 1 and 2, 3 and 4, and 5 and 6,
is not surprising. These sites are close together and only have small differences in
their habitat compaosition. This similarity in the species composition of adjacent sites
suggests 4 degree of reliability in the trapping mcthod, since such similaritics would
be predicted from habitat descriptions. However there were differences in the species
diversity index we calculated for these sites. Unfortunately there is no rigorous
statistical method to compare these figures so we cannot accurately estimate the extent

of these differences
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2.4.1.2. Differences between the three habitats

(i) Species with a significant difference

Rock Goby (figurc 2.9.): These fish are typical of rocky sub and inter-tidal habitats,
Wheeler, (1969), deseribed them as wholly dependent on rocky shores, and they were
found in the largest numbers at habitat 1, which conforms to this description. Few
were caught at habitat 2, as would be expected from this soft bottomed, sheltered site,

and catches in habitat 3 lay somewhere between the other two.

Black Goby (figure 2.10.): Catches of this species were almost a negative image of
those ol rock gobics. It s found in inshore, sandy or muddy bottomed conditions, and
is frequently associated with Zostera beds, (Wheeler, 1969}, hence its abundance at
habitat 2. Virtually none were found at habitat 1 and a fairly large number were found

at habhitat 3, where there are both soft and hard substrates,

Corkwing wrassc (figurc 2.11.): This specics is gencrally associated with algal beds
on rocky shores, though il can be found 1n areas of softer subslrate provided there is
dense vegetation cover, (Sayer and Treasurer, 1996). Habitats 1 and 2 show little
differences between them, and the main difference is the larger catch at habitat 3.
This would suggest that it is not the substrate, but the density of vegetation, or the

actual surface area of vegetation and/or the substrate, that is the controlling factor.




Pollack (figure 2.12.): While often an inshore mid-water species, the pollack can also
be bottom dwelling, especially in rocky areas, (Wheeler, 1969), where they usc kelp
forcsts as cover, (Sarno et af, 1994). These are commonest in this study in those areas
where there are extensive kelp forests, that is habitats 1 and 3, with very few found in
habitat 2. While there is some vegetation cover here, poliack in the wild have been
observed showing a preference for dense algal habitat over sparse habitat, (Sarno et al,

1994), and all vegetation cover in habitat 2 is thin.

Saithe (figure 2.13): In contrast to pollack, to which they arc closcly rclated, saithe
forage more extensively, and cover wider areas, though they retwmn to algal beds at
night, (Sarno e al, 1994). They are most common in this study at habitat 3, where
there is a high surface area of algal for foraging though it is likely that saithe are
caught overnight when they are going into cover. The fast currents in habitat 3, which
may discourage more territorial species, would not be a problem to the wider ranging

saithe.

(ii) species with no significant differences.

Eel (figure 2.3.): White there is no significant difference between the sites, habitat 2
has a distinct peak in eel numbers in the summer. These eels are concentrated in the
cel grass beds present at this area. Il is not clear whether the cels use the eel grass
beds for shelter or as a foraging site. Bels will however gather in brackish water prior

to their oceanic migration in the autumn, (Wheeler, 1969)




Butterfish (figure 2.4.): There was & very small sample size for butterfish, (n = 8), and
it is likely that this is what caused the lack of significance since all the catches were at
habitat 3. Otters were frequently seen taking butterfish from habitat 1, (see chapter 5),
however none were caught at this arca. This may be a [unction of the difficulties in
trapping butterfish, or it may be that there is indeed a higher concentration of this

species at habitat 3, attracted by the greater surface area of algal cover,

S5-bearded rockling (figure 2.5.): Again the small sample size, (n = 14), makes it
difficult to obtain any significant resuit, but there are very visible trends. The large
majority of the catch was at habitat 1, and the rest at habitat 3. This is as cxpected
from a species that prefers rocky shores, (Wheeler, 1969), but that is more dependant

on the substrate for cover than algal beds, (/bid.).

15-gpine stickleback (figure 2.6.): There was a large sample size for this species so it
is likely that this non—significant result 1s not artifactual, and due to the wide ranging
habits of this species. 1t is known to be tolerant of arrange of salinities, and is found
i most marine habitats with a degree of algal cover, (Wheeler, 1969). It is known to

be associated with Zostera beds as well as rocky areas, (Ibid.).

Goldsinny wrasse (figure 2.7.): There was no significant result for this species, and
there was a large sample size. There docs however scem to be a marked preference
for rocky areas, habitat 1 and 3, as would be expected from the literature, (Sayer and
Treasurer, 1996). In contrast to this there are fairly high numbers also caught in the

soft botiomed habitat 2, suggesting that the species' habitat preference is not as




defined as previously thought, both Wheeler, (1969), and Sayer and Treasurer, (1996),

claiming that they are rarely found above sandy substrates.

Cod (figure 2.8.): There is a pattern of preference for the rockier, more algal covered
shores in cod, but they do occur at all habitats. They are known to utilise a range of
habitals up to the shore line, and are known to move into shallow water at night to
forage, (Burrows et al, 1994), resting in deeper water during the day, so are
inaccessible to the diurnally foraging otter. It is during the night that they will be
therefore caught in the traps. ‘This pattern of depth use by cod, at different times of
day, changes in the winter, in that they will spend greater amounts of time in shallow

water in the winter,

Shore crab (figure 2.15.): These crustaceans occur over a wide range of depth and
substrates, (Jngle 1980), and can tolerate extremes of salinity, (Dries and Adelung
1982). This will therefore account for the wide distribution of the shore crab in this
study, and similar wide patterns of distribution have been shown to occur elsewhere,
(e.g. Mathieson and Berry (1997), caught large numbers of shore crabs throughout the

Forth estuary).

2.4.2. Differences between seasons

2.4.2. 1. Fish that show no habitat variation

Eel (figure 2.3): The Eel showed a highly significant variation in catch between the

seasons, with a distinet peak in the summer and none at all caught in the winter. This
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may be related to a pre - migration gathering, or it may be related to an increase in
catchability with higher water temperatures. Catchability in stationary traps and water
temperature have been positively correlated in other Anguilla species, (Jellyman,

1991). This sumuner peak is particularly associated with the Zostera beds at habitat 2.

15-spine stickleback (figure 2.6): This species, in common with many inshore species,
(Kruuk et af, 1988), shows a peak in numbers in the antumn. This will be partly
associated with high water temperatures at this time, but the trend is a highly
significant one and the young of the species are known to congregate in weed in the

autumn, (Wheeler, 1969).

Goldsinny wrasse (figure 2.7): There is a clear peak in catches of the species in the
summer, and this may be related to the importance of bivalve molluscs, particularly
mussels, Mytilus cdulus, during this period, (Sayer e af, 1996). During the colder
months they retreat into crevices, (Sayer ez af, 1994), and this 1s reflected in the low

catches in the winter.,

Cod (figure 2.8.): Cod also showed a summer peak, and this catch was predominantly
yearlings, (pers. obs.) which have been described as congregating in shallow waters at
this time, (Burrows et @/, 1994.). Thosc caught in the winter were gencerally large
adult and often were gravid mdividuals, (pers. 0bs.). These would have been caught

at night as thcy come into algal beds to feed (Burrows et af, 1994.).
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Butterfish (figure 2.4.): There was no significant variation in the seasonal catches in
this species, but as before this will have been due to the small sample sizc, (n = 8).
All the amimals were caught in spring or summer. This trend has been noticed on
other studies,(Kruuk et a/. 1988, and Watt, 1995) and was altributed to an offshore
migration in colder temperatures. TTowever, Sayer et o/, (1994), demonstrated that the
fish had in fact remained inshore and retreated into crevices where they became

quiescent. Many will still therefore be available to otters.

5-bearded rockling (figure 2.5.): Again the lack of significancc may be an artefact of a
low sample size. There is a peak in the winter, in the catch of this species and the

species is spawning in algal beds at this time, (Wheeler, 1969),

2.4.2.2. Fish with habitat variation

Rock goby (figure 2.9.): This only shows a significant variation in habitat 1, and here

w¢ so¢ a clear summer peak, possibly related to spawning, which occurs at this time,

(Whegeler, 1969).

Black goby (figure 2.10.): These also have a summer peak, and are also summer

spawners. Significant results arc only scen at habitats 2 and 3, habitat 1 had a very

small sample size, (n = 4).
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Corkwing wrasse (figure 2.11.): Only significant at habitat 3, where a summer peak
was shown. Corkwing are known fo retreat into crevices in the winter and so this

result may not be an indication of real population levels, but of the active population.

Pollack (figure 2.12.): While there is no significant seasonal variation, there is a slight
trend for there to be a peak in autumn. They spawn in winter in deep water, (Wheeler,

1969), and this will account for this pattern.

Saithe (figure 2.13.); These show a significant summer peak in habitats 2 and 3, and

this is when young fish first come inshore from the winter deep- water spawning,

(Wheeler, 1969).

Shore crab {2.14.): Traditionally, shore crabs were thought to migrate offshore in the
winter, (e.g. Dries and Abelung, 1982), but have been found by divers, (van dar
Meeren, 1992), retreating into crevices and burying in sand during this period. This
behaviour will account for the reduced trap success during the wmter. 1t is not clear

why the caiches at habitat 3 do not show a signilicant difference.

2.4.3, Inter habitat variations in biomass

Biomass of the catch was calculated and wnsing a two-way ANOV A, variation in site
and season was examined. This analysis was carricd out twice, once including crabs
and once without. In the former case habital was not a significant variable while the

effect of season was. Seasonal fish abundance showed a peak occurring in summer
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and autumn, as would be expected from other studies, (e.g. Kruuk 1988). Tlis
suggests that scason will have a strong effect on the foraging of the otter, and that
there may be problems with food supply in the winter and spring. There 1s also a
significant interaction between site and season, when crab mass in included in
biomass calculations. Af habitat 1 the peak in biomass occurs in the autumn and the
lowest point is in the spring. By contrast the peak is in the summer in habitats 2 and

3, and the trough is in the winter.

When the crabs were excluded from the calculations of biomass there is still a highly
significant scasonal cffect, and there are significant differences between habitats. This
suggests that crabs do not have habitat prelerences and the other prey species do, and
it is the large mass of the crabs that dilutes this effect when they are included in
biomass calculations. There is no longer a significant interaction between habitat and
season when crabs are removed from the calculation suggesting that it is crabs that

drive this interaction rather than the fish species.

2.4.4. Species diversity

From the Shannon - Weiner index of species diversily calculaied we see that all but
one trap sitc have broadly equal values. Site 3.1., however, has a higher value. This
site has a well-documented richness, (SNH Reports etc.), and the richness in
vertebrates and crustaceans described here is mirrored in a exuberance of algae,
porifera, cniderians and echinoderms. Observations have shown the rapids to be an

important foraging site to the local otter community.
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2.4.5. Relevance to the foraging of otters.

Comparison of the biomass between habilats showed thal there were no significant
differences between the sites in terms of available biomass. The sites were
sufficiently similar for us to assume that the traps would work equally well, with the
same limitations, at every location they were set. We can therefore conclude that the

similarities in biomass and differences in species composition between sites were real,

While the catch biomass, with crabs excluded, varies bhetween these habitats, any
predator would make decisions on its patterns of nusage of these habitats not only on
availablc biomass, but also on the basis of casc of obtaining the prey. This will be
influenced by a number of factors, such as prey behaviour, nutritional value and
loading time, as well as habitat type, and these will be discussed in subsequent

chapters.

Species composition also varics between habitats.  ‘there is a clear increase in
abundance in habitals 1 and 2 among the majority of fish captured. Goldsinny wrasse,
5-bearded rockling, rock gobies and cod, are all found largely at habitat 1, while eels
and black gobies dominate hahitat 2. The habitat 1 species all prefer rocky coasts rich
mn algae, whilc habitat 2 species prefer a soft substrate. Habitat 3 lies in the middle
both geographically and in terms of species make up, with species from both the other
sites turning up in large numbers. In particular this seems to be a shared habitat for
the rock and black gobies, which almost exclusively inhabit their preferred habitats of

1 and 2 respectively. There are also some specics that prefer habitat 3, notably
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corkwing wrasse, saithe and butterfish. Habitat 3 has a variety of substrates, and alsc a
large and varied topography, and this is shown in the variety of species found there
and thercfore in the diversity index of the site. This would therefore be expected to be

an area of intensc otter foraging.

The seasonal effect on the fish catches and the overall biomass are marked with a
notable reduction in spring and summer. The possibility of this being due to a
decrease in activity in colder water temperatures has been already mentioned. The
seasonal fluctuations on the fish are not all the same. Species that peak in the summer
arc the gobies, the wrasse, eel and cod, whilst those peaking in the autumn are pollack
saithe and 15-spine stickleback. In the winter the largest numbers of 5-bearded
rockling are caught, and there is the highest numbers of butterfish in the spring. It is
also not entirely clear whether lower temperature would have a negative effect or not
on the catches, since a more active fish may be more likely to escape than a sluggish

one.

Howecver, in the case of some species that show a marked decline in the winter,
particularly the wrasses, butterfish and gobies, the basic assumption of this work, that
the catch in these traps reflects the availability to otters may not be met. This is due to
the fact that these species do not migrate offshore in the colder months as was
previously thought, but move into crevices and enter a state of quiescence, (Sayer et
al, 1994). The effect of this on an otter foraging is not clear, and whether it has a
negative or positive effect on the otters foraging is likely to depend on the substrate

within which the crevices lie.
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These interactions between site and season deseribed may have profound effects on
the foraging of otters. Where it is possible for an otler to choose between sites, this
would be expected to follow a seasonal pattern, all other variables being equal, where
the predator utilises most the areas with the grealest profitability, and that these
choices would change with the scasonal variations. In the chapter 5 we will examine

this prediction,




CHAPTER 3

FACTS FROM FALCES:
AN ASSESSEMENT OF THE ACCURACY OF SPRAINT ANALYSIS

FOR QUANTIFYING THE DIET OF MARINE FEEDING OTTERS
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CHAPTER 3

3.1. INTRODUCTION

Accurate assessment of the diet of any animal can be difficult, particularly when the
animal cannot be clearly observed throughout the day. With carnivores, a frequently
applied method is the analysis of the undigested prey remains found in the faeces
(Bwer, 1973). This is possible due to the comparatively short length of the carnivore
intestine. Many hard parts of the food remain partially, or totally, undigested, and can
be found, and subscquently identified, in the facces, Frequency of occurrence, that is
the either the percentage of faeces that contain a particular prey item, or the number of
occurrences of a particular item as a percentage of all recorded items, is the most

commonly applied method of quantifying the results of such dietary analyses.

This method has been widely used to determine the dict of the Eurasian otter, Lutra
lutra (see review in Mason and Macdonald 1986, and Kruuk 1995), and since Wise
(1980) identification of prey species, of which fish make up the largest majority,
(Kruuk, 1995) has been based around the use of vertehrae recovered from the spraints,
(faeces), with several keys in existence {Webb 1980, Watson 1978, Conroy et al,
1992). The numbers of prey specics identified in this way, have been quantified by
frequency of occurrence, or variations upon it, (for example, Jenkins et al (1979)
estimated the bulk of each prey type in the spraints), and while its accuracy has been
debated it has rarely been tested. Elridge (1968) first stated that small prey items are

over-represented and large prey items under-represented by frequency of occurrence,
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and carried out feeding trials to look for any inaccuracies. ln his results he claimed
that percentage occuitence “gave a reasonably true picture of the relative importance
of the different food categories” (Ibid.), but presented no statistical evidence to
support this. Rowe-Rowe (1977) staled that he had carried out trails on cape clawless
otters, Aonyx capensis, showing that relative frequency of occurrence gave a true
picture of thc animals' diet. However no data in support of this were given. More
detailed trials with the Eurasian otter were carried out with fresh water prey by
Jacobsen and Hansen (1996) and these studies demonstirated a correlation between
frequency of occurrence and the biomass of the actual diet. This correlation was,
however, based on ranked data, and so suggested that while the rank order of prey
biomass is correlated with the results of frequency of occurrence analysis, there was

no evidence of a refationship between absolute values.

Carss and Parkinson (1996) have carried out the most dctailed trials, again with fresh

water prey species. These trials were the first to test the relationship between actual

proportions of particular prey in the diet, both in terms of numbers and biomass, and

the proportions obtained from spraint analysis. Their main conclusions were that:

1. Frequency of occurrence methods do not correctly reflect the true proportions of
the components of the otters diet.

2. Rank orders of prcy numbers and biomass can be accurately determined by spraint

analysis.

‘T'his means eftectively that any quantification of the amount of a prey item consumed

is likely to be inaccuratc, by potentially large margins. These {rials were only for
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fresh water prey, and there have been no trials to determine the accuracy of spraint
analysis where the otters are feeding in the sea. Carss and Parkinson (1996) suggested
that the best way to overcome these inaccuracies would be by the use of “key bones”
from the prey skeleton to calculate minimwm number estimates of prey in the diet
with appropriate regression cquations applied to them in order to calculate the actual

size of the prey.

Key bones are bones, which, unlike most vertebrae, exist in the prey as only a single
bone, for example a pharangeal bone, or in pairs, for example the premaxillae. Such
bones eliminate the errors created by frequency of occutrence methods by giving an
accurate ntinimum number of prey eaten. Fish otoliths have been frequently used as
key bones in diet estimation of birds and mammals, (Pierce ez af., 1991). Dellinger
and Trillmich (1988)-carried out feeding trials with Californian sea lions, Zelophus
californianus, and South American fur seals, Arctocephalus australis, and
demonstrated a highly significant correlation between diet composition and the
proportion of otoliths recovered from scats. Otoliths, however, can break down in the
carmivore gut faster than other bones, (Pierce et al, 1991), and are rarely found whole

in otter spraints, (Wise, 1980, pers. obs.).

Examination of other key hones as an accurate method of determining an animals diet
was used by Feltham and Marguis (1989) who developed a method of distinguishing
the atlas vertebrae of brown trout, Salmo trufta, and Atlantic salmon, S. salar, and

estimating the prey size from this. Because there is only a single atlas in each fish, the
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estimation of prey numbers is far more accurate, as demonstrated by Feltham (1990),

analysing the stomach contents of red-breasted mergansers.

The use of regression equations, obtained by dissection of undigested prey species to

calculate the size of prey items from bones found in faeces or stomachs has been

applied to a number of animal species. Perhaps the commonest use is of fish otoliths

10 assess piscivorous bird and seal diets, (Pierce ef af, 1991). The use of the caudal

vertebrac of fish, as found in otter spraints, to determine the size of otter prey items

has been applied since Wise, (1980). There are, however, problems with this
methodology:

1. The size and shape of the bone are hikely to chunge as they pass through the ottcrs
digestion system. This would make regressions obtained direct from dissection of
fresh and undigested prey species inaccurate.

2. Regressions based on vertebrae give a mean value for all vertebrae. However
within any fish, there is a large diffetence in vertebrae length from the anterior and
posterior of the spine. This variation implies that no absolute relationship between
bone size and prey size can be determined, and any such determined will be
consistently inaccurate, (Carss and Elston, 1996).

3. For some very large prey such as lumpsuckers and dogfish, the oller will only eat
part of the fish and so there may be no recoverable hard parts in the faeces.

The first problen can be eliminated by the use of post-digestive regression equations

obtained from feeding trials, lhe second by the use of key bones to derive these

equations rather than vertebrae. The third problem may only be solved by direct

observation of the otter feeding, see chapter 4.




Such procedures, with the use of the salmonid atlas vertebrae, to determine the
relative number and size of salmon and trout in the otter diet, were tested using
feeding trials, by Carss and Elston (1996) and their results confirmed that this
methodology climinated the errors described above. There have been no such trials to

determine suitable bones from marine prey species

In this study we set out to determine:

1. How accurate conventional methods of spraint analysis are for marine prey

2. Which key bones would be most suitable for use in spraint analysis of marine prey

3. Regressions equations, post digestion, for these bones to allow accurale estimation
of prey size

4, Corrections factors for these key bones to calculate relative numbers of prey

species

The study was carried out in association with the David Carss of the Institute of

Terrestrial Ecology, Banchory, (see internal report for Scottish Natural Heritage,

Carss and Neison, 19906).
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3.2. METHODS

3.2.1. Feeding trials

Four olters, two males and two females, were used to conduct nine separate feeding
trials. They were kept in two 15 x 6 m enclosures, at the Institute of Terrestrial
Ecology, Banchory, each with a 5§ x 2 x 2 m swimming pool and a straw lined
sleeping enclosure. One female otter was kept scparatcly [rom the other otters
because they were prone o attacking ber. All spraints were removed from the

enclosures before the trials began, A total of nine trials were carried out.

The otters were fed a irial meal at 10.00 h, consisting of marine fish, sec table 2.1.,
and shorc crabs. Any uneaten food was removed from the enclosures and re-weighed
to exclude it from analysis. The guts ol the only piscivorous [ish in the trial were
removed to avoid contamination with other fish that may have been in their stomachs.
Spraint production and composttion is affected by the activity of the otters after a
meal (Carss et al, 1998). In order to most closely mimic the situation in the wild otter
activity was increased by playing with the animals for 20 minutes in every hour, for
six hours afler the meal, with the otters diving, swimming and mnning during this

period,

During the periods of play the enclosures were searched thoroughly and all spraints
collected. If the spraints were together in a pile, their shape was integral enough to

allow it to be gently separated from the others. There were two further searches the




following day at 0930 and 1530. The spraints were soaked in a saturatcd solution of
biological washing powder for approximately 48 hours at room temperature, and then
rinsed, consecutively, through two sieves of 0.50mm and 0.25mm mesh. They were

then dried at room temperature for 24 -48 hours beforc cxamination.

3.2.2. Assessment of the accuracy of spraint analysis

Spraints from trials 1 - 5, table 3.1., were analysed by both relative frequency, (the
number of occurrences of a prey item as a percentage of all recorded items), and
percentage frequency, (the percentage of spraints containing a particular prey item),
on the basis of contents of undigested fish bones and crustacean chitin, and such items
were identified by comiparison with reference material. The results obtained were
then compared with both the number of different prev items and the biomass of the

different prey items, from the test meal.

‘I'rial Speeics fed Total mass (g)
1 Butterfigh, Bullrout, Corkwing, 1124
Stickleback, Shore crab
2 Butterfish, Bullrout, Stickleback 604
3 Butterfish, Corkwing, Goby, 183
Eelpout
4 Buttertish, Corkwing, Goby, 122
Eelpout
5 Butterfish, Corkwing, Goby, 93
Eelpout

Table 3.1. Total food fed to all four otters as part of the trials carvied oul (o lest the
accuracy of frequency of occurrence methods of quantifving diet.
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3.2.3. Key bones

3.2.3.1. Assessing best key bone

Spraints from trials 1 - 5 were [urther examined and specific key bones, dentaries,
premaxillae and articulars, were counted from the analysed spraints. Those that gave
the closest indication of actual species numbers consumed were determined. Where
the bones are paired in the prey skeleton, left and right bones were compared via fish
size 10 bone size regressions obtained from dissected fish, to ensure that either could
be used for size assessment. This was carricd out for butterfish, 5-bearded rockling,

15-spine stickleback, and long-spined sea-scorpion.

3.2.3.2. Fish to bone size regressions

Further trials (see table 3.2.) were carried out, as above, with meals consisting of
fewer numbers of cach prey ttem to eliminate any overlap in possible size of
recovered bones. The recovery rate of the key bones, from these tests were examined
to determine whether there was a size bias in the proportion recovered, by separating
gach into size classes, and comparing the proportions rccovered from cach. They
were further tested via logistic regression analysis, after Carss ef af, (1998), where,
counter intuitively, recovery raie was shown to decline with increasing fish size in a

logistic curve.

These post-digestive recovered hones were measured and regressions werc

constructed of bone size to original fish size.
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Species Trials used Total no. of prey
fed

Butterfish 3,6,9 9

Bullrout 1,6,7 8

Wrasse 6.8 7

Table 3.2. The prey species fed to the four otters during feeding trials to determine
equations for bone to fish size regressions.

3.2.3.3. Correction factors

For cach species, the recovery rates of key bones from different trials were compared
to test for a consistency of propartional recovery. Where this was found to be so, a
correction faclor with confidence limits was calculated to allow an accurate

assessment of prey numbers to be calculated.

55



3.3. RESULTS

3.3.1. Accuracy of spraint analysis

Five trials were conducted using three of the otlers, see table 3.1., to determine the
overall accuracy of applying frequency of occurrence methods to spraint analysis.
141 prey items were consumed, weighing a total of 2170 g. FEighty-eight sprainis

were collected with identifiable hard parts present.

The data from all five trials were combined to test the results of quantification via
frequency of occurrence against the actual diet. The percentage of each prey item fed
to the otters was compared by the estimate obtained from the two different methods of
frequency analysis, via a Spearman’s rank correlation coefficient. Correlation
analysis was used since there may have been a consistent error throughout analysis,
for example analysis may have consistently underestimated the true proportions by
50%. For both methods of frequency analysis, there was a strong positive correlation
between the values obtained for each of the 7 prey species and their irue numerical
proportions in the diet, and both gave exactly the same correlation coefficient, (r =
0.73, p < 0.05). Neither method gave a statistically significant correlation with diet as

represented by biomass.

Prey Species Prey consumed Spraint analysis
% nos. 7o mass Yofreq. Rel. freq.

Butterfish 36.9 17.4 64 24
Bullrout 9.2 6.5 53 20
Corkwing wrasse 7.8 30.7 32 12

15 - spine stickleback | 35.5 293 50 19

Rack goby 3.5 2.6 20 8
Eelpout 5.0 34 16 6

Shore crab 2.1 10.2 28 11

Table 3.3. Comparison of the vesults of spraint analysis of spraints obtained from
feeding trials with the actual diet
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3.3.2. Key bones

The percentage of key bones recovered from cach trial for cach species 1s shown in
table 3.4., (for paired bones this is half the total found). Il was decided that the using
the same bone for each species would ease spraint analysis. While the pharangeal
bones and preoperculum had the highest mean recovery rates, they are only present in
wrasse. The next highest rate of recovery was the premaxillae jawbone and as this

bone facilitates refatively easy identification, it was chosen for further analysis.

Bone type | no, trials 10, species mean % recovery
Dentary 5 6 41.2
Premaxilla 5 6 46.3
Articular 5 1 404

Table 3.4. Post - digestive recovery rates of key bones.

3.3.3. Prey size estimation

‘I'en specimens of four species of fish, butterfish, rockling, 15 - spine stickleback, and
sea scorpion, were dissected and the premaxillac removed. The left and right
premaxillae were compared via analysis of covariance and there was no significant
difference in elevation or constants for any species. [t therefore was decided that the
same equations could be used to calculate leit prey size from ecither left or right

maxillae.

There was only sufficient bones recovered from three species of fish for regressions to

be constructed, the species were butterfish, bullrout and cotkwing wrasse. While a
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numbcer of premaxillae were recovered, not alf could be delinitely attributed to a
source fish, and therefore its length known. Regression equations were constructed,

for these species, see table 3.5.

Species | equation r? S.E.
Butterfish y=44.65x - 8.11 0.92 7.78
Bullrout y = 6.61x +29.46 0.89 1.31
Corkwing wrasse y:: 6,61x + 54.50 0.98 0.34

Table 3.5. Relatioaship between length of recovered premaxillae and fish length
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3.3.4. Relative prey number correction factors

3.3.4.1. Testing for consistency of recovery

Where the original size of fish could be determined, that is the trials that produccd the
bones described for size regressions above, for each species, the recovery of different
sizes of bone was examined through logistic regression analysis, since Carss et al,
(1998), described a logistic relationship belween recovery rate and fish size, table 3.6.
The fish were also divided into size classes and the proportion of bones recovered
compared for each size class via ¥2 goodness of fii, to test for any other non-logistic
distribution, such as described for some fresh water prey by Carss and Parkinson,
(1996). None of the three species demonstrated a logistic curve or showed a
signilicant difference in the proportion tecovered in cach size class, sce table 3.7.
Since these three species did not have a differential recovery rate with fish size, we

assumed that this was true for the other marine species in our trials.

Species | %2 d.f P
Butterfish 2.01 1 0.16
Bullrout .16 1 .69
Wrasse 33 1 57

Table 3.6. Results of logistic regression analysis of the recovery of a bone against the
size of that hone

| 2 d.f. Significance
Butterfish 1.54 2 N.S.
Bullrout 3.28 4 N.S.
Carkwing wrasse 0.43 2 N.S.

Table 3.7. Results of a statistical comparison of the proportional rate of recovery of
premaxillae from different size classes of fish.




3.3.4.2. Test for consistency of recovery between trials.

The proportion of bones recovered from each trial was compared for each species of
fish, via ¢* tests, (1able 3.8.), to determine whether it was consistent. All the species,
except 15-spine sticklebacks, showed no evidence of a different rate of recovery
between trials. This meant that correction factors, to be applied to counts of these
bones found in spraints, could be calculated for these species, see table 3.9,
Multiplication of the number of bones of a species found in otter spraints by these
correction factors will allow relative proportions of prey numbers to be calculated.

This can then be used confidently to provide an accurate overall estimate of prey

numbers the animal consumed.

Species No. of trials 2 d.f. significance
Butterfish 6 9.66 5 N.S.
Bulirout 5 312 4 N.5.
Corkwing wrasse 4 2.90 3 N.S.

13 - spine stickleback 5 11.50 4 p <001

5 - bearded rockling 3 2.30 2 N.S,

Saithe 2 0.81 1 N.S.

Table 3.8. Comparison of recovery rate of premaxillae from different trials, for

different species.

Species | Correction factor S.E.
Butterfish 2.18 0.42
Bullrout 1.10 0.14
Corkwing wrasse 1.37 0.37
5 - bearded rockling 1.51 0.16
Saithe 1.56 0.73

Table 3.9. Correction fuctors for calculating relative number of prey from counts of
premaxillae found in spraints.



3.4. DISCUSSION

Faecal analysis is a common method of determining an animals diet. While it can tell
us definite information, that an animal ate a certain prey type, problems arise when we
attempt to quantify this and say how much of a prey type it ate. Frequency of
occlurence is an analytical method that attempts fo overcome this, and while iis
accuracy has been called into question, it 1s still very commonty used (for example,
Watt 1995, Beja 1997). Recent work with otters feeding on [resh water prey, (Carss
and Parkinson 1996) demonstrated that there are large inaccuracies in the method.
The current study 1nitially examined the extent of these inaccuracies with marine prey.
It was demonstrated that they are even greater than with fresh water species, in that
while an accurate rank order of prey numbers can be obtained by frequency of
occurrence, the rank order of biomass, which can be obtained with fresh water prey, is
not accurate. The reason for this discrepancy is likely to lie in the greater variation in

fish body shape of marine prey than fresh water prey (Carss and Nelson 1996)

While the only relatively accurate information obtainable from frequency of
occurrence analysis is a rank order of prey numbers, it would be wrong to dismiss the
method as wholly useless. It is not always absolute values that are of interest in a
study, but relative values, as in comparisons of dict between habitats, seasons or
years. Such comparisons have been made in most studies, and in light of the present
study and Carss and Parkinson's (1996) fresh water ftrials, we can now evaluate the
validity of these comparisons. Where the comparisons have been made statistically,

by methods that use ranks, such as Spearmans Rank Correlation, (for example, as used
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by Mason and Macdonald, 1988), or Kendal’s Coefficient of Concordance, (as used
by Beja, 1997), the conclusions made are valid, in tcrms of rank numbers of prey.
Knowledge of the length weight ratio of the prey species involved allows
interpretation of these results in terms of the importance to the otters diet. Howcver
where tests involving absolutc vaiucs, such as 2 contingency tables, (as used by, for
example, Jenkins et af 1979, Herfst 1984, and Watt 1995) or Detrended
Correspondence Analysis, (as used for example by Beja, 1991), have been applied, the

validity of thosc comparisons must be called into question.

3.4.1. Key bones

Our work on key bones has been hampeted by small sample sizes. Although our
results can be considered to be preliminary, they do demonstrate that the use of key
bones to quantify otter diet, with correction factors and regression equations, is
feasible, and with further feeding trials, a coherent methodology could be drawn up.
For our work we choose to use the premaxillae as the key bone. While there was some
numerical basis for this decision, in that recovery rates were highest for premacxillae,
there were also precedents for the use of premaxillae that make its use advantageous.
Work is currently underway to construct a key for identification of the premaxillae of
Atlantic fish, and this will be of profound use in otter diet work. It is likely that the
high recovery rate of the premaxiliac is related to its position in the fish' body and the
manner in which the otter eats a fish. An otter will most commonly eat a fish head
first, (Kruuk, 1995, pers. obs.), and therefore will first bite into it on or below the

opercular flap, and subsequently chew the rest of the body as it is swallowed.




Effectively this means that those bones that are least likely to be broken up by
mastication are in the front head area, such as premaxillac and pharangeal bones, and

therefore arc most likely to survive the digestive process intact.

Regressions of bone size against fish length have been frequently used in dietary
studies and still arc being used, (for exampie, Beja, 1997) but often these regressions
have been calculated withoutl acknowledging that the bone will change size and shape
during digestion, (Pierce er al., 1991). Post digestion equations eliminate these errors
to some extent. There may however be some variation in the amount of breakdown of
bone. Carss ef @/ (1998) demonstrated that the amount of activity that occurs after
feeding influcnces the amount of wear on a recovered bone. During our trials the
otlers were kept active, and since otters spraint most frequently prior to and during a
feeding bout, (Kruuk, 1992), our results will reflect the situation in the wild. Tt is
likely that therc arc also variations in digestion rate between individuals, however
these potential errors are small in comparison with other methods of quantification,

and clarification of them could be obtained by further feeding irials.

Tt would have been possible to calculate regressions for bone size to fish mass, and in
this way derive a more direct measure of the importance of a prey item in the diet,
(Pierce et al. 1991). However such an equation would not take into account seasonal
variations in fish mass. While the relationship between fish length and bone length
will remain constant, fluctuations in fish mass will also vary, hence adding a degree of

error to the equation. It was therefore decided that it would be more accurate to
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determine fish length from bone size, and then calculate mass from length mass

relationships calculated scasonally

The regression equations calculated were again hampered by a small sample size, and
this meant that we were only able to do them for 3 species. The high r* values for
these regressions show that while sample sizes are small, the correlation belween
post-digestion bone size and original fish length is a close one, and it can be
reasonably assumed that this will be so for other species, therefore justifying further
feeding trials. Such trials should be used to create regressions for other prey species

and to increase the sample size of those species already done.

Size bias in the rate of recovery of key bones was suggested by Carss and Elston,
(1996) after their {fresh water [eeding trials, in which the animals were not kept active
after feeding. This bias was in both small and large fish, where the recovery rate was
less than that of middle sized fish. Subsequent feeding trials by Carss et a/ (1998),
during which the otters were active after feeding, suggested that the recovery rate was
only reduced in large fish, and a logistic tegression was deseribed for this. In our
trials, where again the otters were active, testing (or either of these possibilities, (via a
~? goodness-of-fit test for the former, and a comparison with a logistic regression for
the latter), showed there was no differential recovery rale in these {rials. Since our
trials follow the activity pattern of the latter freshwater trials (Carss et af, 1998), this

is where any comparison would be valid. There are several reasons why the

discrepancy in result between these may be:

s



1. The trials used a smaller size range of fish than Carss ef al, and therefore the
decling in rccovery may only happen with very much larger fish. However there
are no published details of the sizc range used in this work.,

2. Marine fish may have bones more resistant to break-up than freshwater fish.
There is, however, no evidence of this.

3. The result may be an artefact of the small sample size of these trials

Plotting out the logistic equation of recovery rate against (ish size, from Carss ef af

shows that the slope evens out at approximately 50mm fish length, suggesting that it

is the fact that our size range does not include very small fish that causes the
diserepancy in results. It is unclear whether this will have an effect on analysis of
wild spraints, since otters are generally considered to feed on larger prey (for example,

Kruuk, 1995), although Adrian and Delibes, (1987) reported olters feeding on

mosquito fish, Gambusia affinis, of 30 - 40 mm length. Carss and Elston, (1996),

suggest that otters do in fact fced on smaller prey but that this is not deteeted by

spraint analysis. Adrian and Delibes, (1987), however obtained their information on
small prey items from spraint analysis, and Carss et al, (1998), suggested that smaller
key bones actually have a better recovery rate than larger ones. lurthermore some
reports of size selection for larger prey have been based on observation rather than
spraint analysis, (for example, Kiuuk ef af, 1987). This suggests that reports of otters
[ceding on mainly large prey are genuine and that any differential recovery rate of the

key bones of prey smaller than 30 rom is likely to have a minimal effect on the overall

accuracy of results.
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Consistency of recovery rate throughout the trials for the main prey species allows the
calculation of correction factors. Previously the use of key bones has been only
suggested to give minimum numbers cstimates of prey types eaten, (for example,
Carss and Elston, 1996). This study has shown that with these correction factors, we
arc able to calculate a reasonable estimate of the relative numbers of prey types. With
this information, combined with regression equatious, we can for the first time

estimate the relative importance of different prey typcs in an otter's diet.
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Figure 4.1. Subdivision of the Study Site into Observable segments
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Chapter 4.

Seasonal Fluctuations in the Diet of the Otter at Three Habitats

of the Taynish Peninsula
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CHAPTER 4.

4.1. INTRODUCTION

Of the aspects of the Eurasian otter’s ecology that have been examined in previous
work dietary studies have been the most common, The reasons for this are simple.
While direct observations of the otter can frequenily be difficull to make, the olter
leaves spraints, {(faeces), throughout it’s range (Kruuk 1992). These are easy to find,
process and analyse, and from them one can determine which prey the animal has
eaten (Erlinge 1968). There have therefore been numerous studies of the otter’s diet,
based around spraint analysis, (see reviews in Mason and Macdonald 1986, and Kruuk
1995). Potential inaccuracies in this methodology were discussed in chapter 3, (see
also Carss and Elston 1997). It was conchuded that for marinc feceding otters, current
methods can generally only give a rank order of prey numbers, though relative
biomass of different prey items can potentially be calculated via regression equations
and correction factors. Relatively few studies have used direct observation of the
otters feeding (Kruuk et al. 1987, Kruuk and Moorhouse 1990, Watt 1991 and 1993},
and this method allows more detailed information to be obtained, (Kruuk 1995), such
as actual site, depth and time of prey capture as well possibly prey type and size. It is
however likely that there will be different inaccuracies associated with this
mcthodology, such as missing smaller prey items and, since it is impossible to
observe an otter all of the time, not observing the full range of prey types. There has

been no attempt to compare observation and spraint analysis. Though Watt (1991,




1993, and 1995) used both methods in his study in Mull, he did not make a direct
comiparison.

All of the dietary studies show that the otter is a highly specialised predator, [eeding
almost entirely on fish. Otters prefer to feed on fish when they are inactive and
resting at the bottom of the water column (Kruuk 1995). Otters will feed in
freshwater, (for example Carss ef al., 1990), coastal marine environments, both warm
and cold (for example, Beja 1997 in Portugal and Heggberget 1993, in Norway), and
brackish conditions, (for example Weir and Bannister 1977, in Norfolk). Most dietary
studies have heen carried out on otters feeding in fresh water, though a number have
dealt with otters feeding in the sea, most notably in Scotland and Ireland. The first of
these (Elmhirst 1938) simply discussed the occurrence of spraints on the island of
greater Cumbrae and the possibility of determining prey species from them. No
detailcd study of marine diet was published until Weir and Bannister (1973, 1977)
examined spraints of otters inhabiting coastal marshes in Norfolk, and Watson (1978)
made a study of coastal otters in Shetland, creating an identification key for the
vertebrae of common marine prey. Herfst (1984) made a more detailed study of
summer marine diet in Shetland. These Shetland studies pointed to a dict largely
composed of eelpout, butterfish, eel, rockling and other gadoids, cottids, flatfish, and
lumpsuckers, as well as crustaceans, repeating the pattern of demersal prev suggested
by other studies (such as Mason and Macdonald, 1980). A very similar suite of prey
was subsequently found in further marine studies, (Murphy and Fairley, 1985, Kruuk
and Moorhouse, 1990, Watt 1991, Heggberget, 1993), though eelpout lessens in

importance the further south the feeding range of the ofter. Wrasse and gobies also




become increasingly important in more southern studies, (Murphy and Fairley 1985,

Beja 1991 and 1997).

The first marinc study to cxamine diet throughout the year was that of Murphy and
Fairley (1985), who described seasonal trends in the patterns of predation, such as a
peak in butterfish exploitation in the summer. Heggberget (1993), documenting
coastal otters in Norwegian fjords, described a similar summer peak in butterfish
predation, with a corresponding peak in that of the gadoids, particularly cod and
rockling, in the winter. Kruuk and Moorhouse, 1990, also examined seasonal
variations in diet, and for the first time they used observation of the otters feeding,
rather than spraint analysis to describe the diet. In Shetland, eelpout were the most
dominant spceics throughout the year; however there was seasonal variation tn other
species, with a winter peak in gadoids and an increase in smaller prey, such as
buiterfish, in spring, This work, as part of a larger study of otters in Shetland, offered
the opportunity to compare the diet with data from prey population surveys, obtained
via fish trapping, (Kruuk et al., 1988), which will be discussed subsequently. The
study by Watt, (1991, 1993 and 1995) combined data from spraint analysis, feeding
observations and fish trapping, and was carried out throughout the year. Again this
described a winter peak in gadoid predation, particularly rockling, and a summer peak
in hutterfish. There was also a spring peak in lumpsuckers, amphibians, and one of

gels in the summer.

Accurate descriptions of prey size are less readily available than simple descriptions

of prey profile, due to the problems of spraint analysis discussed in chapter 3. This is




one of the major advantages of observation over spraint analysis. Estimation the size
of prey from observations of otters feeding was first used by Kruuk and Moorhouse
(1990). They tested the accuracy of both identification and size estimation by this
method, by being shown a random selection of prey from a distance of and found 80%
of prey correctly identified, with size estimates within 12% of the true size (Kruuk
and Moorhouse 1990). Using this method, they doseribed both seasonal and spatial
effects on the size of prey taken, with an increase in the size of prey as level of
exposure of the site increased, and an increase in size of prey in the winter. "Uhese two
effects also interacted in that the otters tended to feed most in more exposed shores in
the winter. The higher winter availability of gadoids such as cod and rockling in
expused areas, as described by trapping, was considered likely to be an important

factor affecting this behaviour.

Tirom the studies where descriptions of diet have been combined with prey surveys
(Kruuk and Moorhouse 1990, Watt 1995, and Beja 1997) a clearer picture of prey
seleclivity in otters can be determined. In Shetland (Kruuk and Moorhouse 1990),
while the otters did take advantage of seasonal peaks in prey numbers, they did not
exploit the most abundant prcy type, butterfish; rather they sclected the more
energetically profitable eclpoul or rockling, and also larger prey than were rolatively
abundant. Watt (1995), however, found positive correlations between mean catches
of prey species and their relative frequency of accurrence in spraints throughout the
scasons. He related this to habitat quality, suggesting that in poorer guality habitats,
such as those found in Mull, the otters sclectivity was reduced; in the richer habitats

of Shetland, the ollers were able to be more sclective due to a greater range of prey




and availabilities. While prey selectivity may not be an indicator of all the indexes of
habitat quality, it is likely to rcflect quality from an otter’s perspective. Kruuk’s
assertion that Shetland provides an optimal foraging environment for otters is likely {o
be true in the context of the high concentrations of eclpout there that are not available
in other areas. The abundance of this casily captured, high-energy species in
Shetland’s coastal waters allows the olters a degree of selectivity nol available
elsewhere. Some data is also available for Portugal, where the most important food
resource for otters is the corkwing wrasse, and prey selectivity is biased toward this
(Beja 1997). Indeed in Portugal the coastal otters reverse the usual trend of feeding
during the day, taking advantage of their prey’s activity cyeles (Kruuk, 1995), and
feed at nighi. This is likely to be because, unusually for marine fish, wrasse are

diurnal, (Darwall et @l., 1992).

Thete is also some evidence of individual variations in diet. Kruuk and Moorhouse
(1990} found a degree of intra-specific variation with otters. Whilc adult males and
females generally tended to eat the same species of prey, females with cubs would
give larger prey to their offspring, and more independent younger animals ate poorer
prey. Watt (1993) described how young foraging cubs ate predominantly crustaceans,
particularly shore crabs since these are easier (o catch, and as their foraging skills

developed the proportion of fish in their diet increased.

In the present study, it was important for us to have an accurate assessment of the
otter’s diet, in order Lo ascertain to what degroe this was interlinked with variations in

behaviour in response to environmental change. While we followed the exampie of




Krouk and Moorhouse (1990) using observation as the main source of dietary

information, we also made a study via spraint analysis to enable a4 comparison

between data obtained by the two mcthods, and to allow some preliminary testing of

the methodology developed in chapter 3. The questions we set out o answer were;

1.

What is the diet of the Taynish otters, as described by direct observation and
spraint analysis?

Do the results from these two measures differ?

Does the diet correspond with data from prey trapping?

How does the diet change seasonally and spatially?

Is the diet affected by tide state?

Does the size and mass of prey taken vary scasonally or spatially, or with tide
state?

Do otters obtain different prey at different depths?

. Does it require different lengths of dive to obtain different prey types and is this

correlated with depth?




4.2. METHODS

4,2, 1. Observation

The study site was divided into nine “‘observable segments™ figure 4.1., that 1s areas
where the whole coastline was observable from a single vantage point, (figure 4.1.).
This facilitated the recording of any otier activity within set areas, the sites and
recording sessions ensured that the areas were equally sampled. Each segment was
studied for five continuous hours each month for 15 months, with the timing of the
watch standardised, as far as possible, for Uime of day and state of tide. Auy otter
activity that occurred within the segment was recorded. When an otter was seen
feeding, if possible, thc type and sizc of prey were recorded.  Size of prey was
estimated by comparison with the width of the otlers head, which is on average 8cm
(Kruuk 1995). Prey items were recorded in nine size classes; class 1: 5 - 9 ¢, class 2:
10 -14 cm, class 3: 15 - 19 cm, class 4: 20 - 24 cm, class 5: 25 - 29 cm, class 6: 30 -
34 cm, class 7: 35 - 39 cm, class 8: 40 - 44cm, and class 9: 45 - 49cm. Kruuk and
Moorhouse (1990) tested the accuracy of this and found that such estimatcs werc
within 12% of the true prey size. The mass of proy items was calculated from length
to mass relationships derived from fish trapping data. The length of dive was
recorded as the period of submersion of the otter's head. The location of each dive
was recorded on maps of the observation area using a combination of landmark
triangulation, that is using landmarks distinguishable on either side of the feeding
otter and noting the otlexs position rclative to this, the orientation of the otter from the

vantage point, and distance estimation. Generally the otter fed close to the shore,
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making this method accurate, as there was little estimation of distance necessary.
Dive depth was determined from Admiralty depth soundings, and corrected for tide
statc. It was assumed that otters always dive to the bollom, and this assumption was
borne out by personal observation, since prey was always bottom dwelling species,

and by all other observers in the literature (see review in Kruuk, 1995).

4.2.2. Spraint Analysis

Spraints were collected from the coast of the study sitc in monthly colleetions for 12
months, and the place and time of collection noted. They were sealed in plastic bags
and frozen. Twenly spraints were analysed for each habitat (rocky, sandy and tidal) in
each season, when possible, though only 18 and 19 spraints were found in the tidal
habitat, in summecr and autumn respectively, Seasons were defined as in chapter 2:
Summer : June, July and August

Autumn : September, October and November

Winter : December, January and February

Spring : March, April and May

This number of spraints has been shown by several authors (Mason and Macdonald
1980, Watt 1995, and Carss and Elridge, 1997) to be adequate to contain all the
important prey ilems. For analysis they were soaked for 48 hours in a saturated
solution of a propriety biological detergent, “Biotex”, to remove mucilaginous
material, and consecutively washed through two sieves of mesh size 0.50 and
0.25mm. They were allowed to dry at room temperature for 24 hours and examined

under a binocular dissecting microscope. Using a reference collection of bones
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obtained from trapping, and a key to thoracic bones (Conroy et af., 1993), all
identifiable prey remains were recorded, and any premaxillae were removed,
identified, measured and wherc possiblc used tn regression equations to calculate fish
length (see chapter 3). The results were expressed as relative percentage of
occurtence. This is calculated as the number of occurrences of a prey type divided by
total number of occurrcnecs of all prey types, multiplied by 100. These were then
converted to a rank order of number of prey type eaten, following chapter 3, where

this is shown to be the most accurate information obtainable from this methodology.

4.2.3. State of tide

This was studied at a single observation site, Observations were made, as above, fiom
a single vantage point at the tidal rapids, over four days each month, for 15 months.
These days were split into iwo pairs of consecutive days, and in each pair watches
were carried out so that the total daylight hours were observed during them. The two
pairs of days were arranged so that they were at opposite tide states with respect to the
timing of high and low water. When taken as a whole season, this allowed
examination of the effect of tide on prey capture, with any possible effect of the time
of day eliminated. For analysis the tidc was split into four states, incoming, in,
outgoing, and out. The mid points of the in and out states were taken as high and low

tides, as taken from Admiraity tide tables, and each state lasted for slightly more than

three hours, varying according to lunar cycle.




4.2.4. Data analysis

The description of the otter dict obtained from observation was compared with the
results of spraint analysis, expressed as a rank order of relative importance, using
Kendall’s coefficient of concordance; this uses ranked data to test the null hypothesis
that the groups being compared are from differcnt populations (Sokal and Rohlf,
1995). Observations were grouped into 3 habitat types (following chapter 2), and 4
seasons (chapter 2) for analysis. The numbers of different prey items caught at each
habitat, in each season, were analysed as a three dimensional contingency table using
a log-linear model (Sokal and Rohlf, 1995), having corrected the numbers for amount
of otter activity observed, to determine if there were vartations in the suite of items
consumed, and their relative importance in these different habitats and seasons. I.n
order to avoid too high a proportion of empty cells in this contingency table, some of
the less important prey types were aggregated as follows: butterfish, eels and gobies
remained as they were, rockling and other gadoids were grouped together in one prey
class, as were 15-spine sticklebacks and pipefish. These two prey groups represented
species of broadly the same habits and mean weights. All other prey items were
grouped as a final class. The rank importance of piscine prey types as assessed by
observation was compared with the catches of the fish traps (chapter 2) again using
Kendall’s coefficient of concordance. The effect of tide on the frequency of different
prey items occurring in the diet was examined using a contingency table with prey
type against tide state, and the effect of lide on size of prey was cxamined via a one-
way ANOVA, with the data logarithmically transformed to compensate for a skewed

distribution, Both the size and the mass of prey consumed were examined for




seasonal and habitat cffects using a two-way ANOVA, having camried out a
logarithmic {ransformation to compensate for a skewed disiribution. Mean dive times

for each prey item were compared, as were dive depth. Non - parametric tests werc

required for the latter duc to non-homogeneity of variance.




4,3. RESULTS

4.3.1. Overall Diet

4.3.1.1. Direct observation

A total of 937 prey items were observed being eaten by otters during the stady, of
which 283 were identifiable. The most numerous prey item was the butterfish, with
92 observations; eels rockling and gobies were also important, with 50, 29, and 28
observations respectively, table 4.1. and figure 4.2. There were significant differences
in both the size (Kruskal-Wallis one-way ANOVA, »2 = 131.23, d.f. =9, p < 0.001)
and the mass of these different prey items (Kruskal-Wallis one-way ANOVA, y* =
159.75, d.f = 9, p < 0.001). Lumpsuckers and then eels were the largest prey items in

terms of size, but by far the heaviest prey item was the lumpsucker, see figs 4.4. and

4.3.
Species No. of Mean size + Mean mass = S.E.
Observations S.E.(cm) (g)
Butterfish 92 16.40 £ 0.44 14.65 £ 1.02
Eel 50 23.00 £ 1.09 26.02 £ 3.56
Goby 28 11.10 = 0.37 11.28 = 0.22
Wrasse 5 13.00 £ 1.87 2881 £7.11
Sca -scorpion 15 15.02 +£0.82 69.39 £9.23
Rockling 29 16.66 £ 0.70 40.73 £ 4.62
Nen-rockling gadoid 11 14.27 +0.79 3498 +£4.65
15-spine stickleback 23 11.78 + 0.38 4.04£0.31
Pipefish 11 18.03 £ 1.00 225+£0.40
Lumpsucker 4 34,52 £2.50 1284.85 + 47.7
Crustacean 13 11.23£1.11 96.40 + 9.33

Table 4.1. The total number of observations of vtlers eating different prey items
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4.3.1.2. Spraint Analysis

Insufficient premaxiilae were found to justify application of
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Figure 4.4. The mean mass, *+ standard error, of the observed prey items consumed
by otiers. Note break in vertical scale

237 spraints were analysed, yielding 805 occurrences of 20 diffetent prey items,
including 17 fish species (or type), crustacea, and unidenfified birds and amphibia.
Relative frequency of occurrence was calculated and a rank order of prey numbers

was created, (table 4.2). The most common prey item was the black goby, followed

correction factors to calculate relative biomass of prey items, as outlined in chapter 3.




Species firequency of occurrence Rank by spraint analysis
Black goby 18.26 1
Crustacean 16.15 2
Bulterfish 12.17 3
Eel 11.18 4
Rock goby 8.45 5
15 - spine stickleback 7.70 6
Pipefish 6.34 7
Goldsinny wrasse 5.09 8
Rockcook Wrasse 3.48 g
Corkwing wrassec 2.24 10
Cod 1.61 11
Amphibian 1.37 12
Saithe 1.24 13
Bird 0.75 14
Lumpsucker 0.50 15
Pollack 0.25 16

Table 4.2. The rank order, in descending order of importance, of numbers of prey
items consumed, as calculated by relative frequency of occurrence in spraints.
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4.3.2. Comparison of Observation and Spraint Analysis

When the data on the main prey items obtained from observation and spraint analysis
are ranked and compared, table 4.3,, there was found to be no significant similarity

between them (Kendall’s coefficient of concordance, W = 0.65, y* = 11.68, d.f. = 9)

Species Rank from observation Rank {rom spraint analysis
Butterfish | 2
Eel 2 3
Goby 4 1
Wrasse 10 4
Rockling 3 9.5
Non - rockling gadoid 7 7
Sea - scorpion 5 9.5
Stickleback 6 5
Pipefish 8 6
Lumpsucker 9 8

Table 4.3. Comparison of the ranked daia {in descending order of importance) on
otter diet obtained via observation and sprainf analysis.

4.3.3. Comparison of Prey Observations and Fish Traps

The observations of prey taken by otters were ranked using observations, and
compared with the ranked total catches of the fish traps, over the same 15 month
period, see table 4.4. and figure 4.5.; the largest discrepancies were with butterfish and
gobies. There was found to be no significant similarity between them, (Kendall’s

coefficient of concordance, W = 0,48, y2=8.73, d.f. = 9).
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Species Rank from obscrvation Rank by trap
Butterfish 1 8
Eel 2 5
Goby 4 1
Wrasse 10 2
Rockling 3 7
Non - rockling gadoid 7 3
Sea - scorpion 5 6
Stickleback 6 4
Pipefish 8 9
Lumpsucker 9 10

Table 4.4. The numerical importance of prey types from trapping and observations of

otters feeding.
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Figure 4.5. Comparison of fish caught by otters and in fish traps, expressed as
proportion of the total catch




4.3.4. Habitat and Seasonal Effects

A three-dimensional frequency table of numbers of the main prey types in each
habitat, in each season was consfructed. Log - linear analysis revealed that the most
significant model that could be applied to the table was the one that did not include
any interactive term, log p = x +y -+ z, where X, y, and z represent habilat, season and
species respectively (Pearson x2 = 1370, d.f. =61, p <0.001). This indicates that each
factor is having a separate effect, without interactions. Table 4.5. shows the
individual effects of habitat, season and species, all of which were highly significant.
The mast significant factor was habitat, followed by prey type, followed by season.
Thereforc there were significant differences in the numbers of different prey types
caught in different habitals, in different seasons. Figure 4.6. shows the differences in
overall frequencics of prey caught in different habitats, with all seasons aggregated,
with the largest number of prey caught in habitat 3, the tidal habitat. Very few prey
were caught in the sandy habitat, habital 2, in compatison with the other two. Figure
4.7. shows the differences in overall numbers of prey in different seasons, with all
habitats aggregated. The largest amounts of prey were caught in the winter, and the
other seasons show broadly similar catches. Figures 4.8. - 4.11. show these data in
more detail, describing (he difforent prey items caught in each habitat, in each season.
While these interactions were not as significant as the above model they do show
important trends. Buiterfish are common in every season, except the winter in the
tidal habitat, while they are important in the rocky habitat except in the spring. They

are never taken in the sandy habital. Eels were important in the tidal habitat in the
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summer and autumn, and rockling and other gadoids were important in the tidal and

rocky habitats in the winter.

Factor |  Pearson y? d.f signilicance
Habitat 1695 69 <0.001
Season 1314 68 <(.001
Species 1468 66 <0.001

Table 4.5. Individual effects of habitat, season and species on the observed number of
fish eaten by otlers, as described by the log - linear modellogp=x+y+z.

Rocky Sandy Tidal
Habitat type
Figure 4.6. The total catches of all prey, with the seasons combined, in the three
habitats.

A

Aulunm Winter

Season

Figure 4.7. the total catches of all prey, with the habitats combined, in the four
seasons
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Figure 4.9. The number of observations of otiers feeding on different prey types, in
the three habitats, during the autumn
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Figure 4.11. The number of observations of otters feeding on different prey types, in
the three habitats, during the spring

90




4.3.5. The Effect of Tide

The state of the tide was found to have no significant effect on the relative numbers of
different prey items taken by otters, (x? contingency table, x* = 33.4, d.f. = 27) nor
did it have a significant effect on the size of proy taken, (one-way ANOVA, with data

logarithmically transformed to normalise distribution, F = 2.34, d.f. =3, 284)

4.3.6. Prey Size and Mass

The mean size and mass of all prey taken by otters at different seasons from different
habitats were compared using two-way ANOVA, having canied out a logarithmic
transformation of the data to normalise the distribution. Both season and habitat had a
significant effect on the size of prey taken (see table 4.6), and there was also a
significant interaction between (he fwo factors, with the effect of season differing
between the habitats, figure 4.12, The biggest prey are caught in the tidal habitat in
the summer autumn and spring, and the sizes from different prey are similar in the
winter. In the summer prey were larger in the sandy habitat, but smaller in the
autumn. In the spring no observations were made of prey size in habitat 2.
Differences in the mean mass of all prey items (table 4.7.) were only significant

between habitats, and there was no significant jnteraction.

Factor i F d.f. sig.
Season 11.32 3,284 <0.001
Habitat 15.96 2,284 <0.001
Interaction 6.60 5, 284 <0.001

Table 4.6. Results of 2-way ANOVA examining the effect of habitat and season on the
size of prey observed being taken by otters, and the interaction between them.




Factor ] I d.f. sig.

Season 1.22 3,284 N.S.
Habitat 4.69 2,284 <0,01
Tnteraction 0.18 5,284 N.S.

Table 4.7. Results of 2-way ANOVA examining the effect of habitat and season on the
mass of prey observed being taken by otters, and the interaction between them.
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Figure 4.12. The mean size of all prey types combined, in different seasons and
habitats.




4.3.7. Depth of prey capture

There were significant differences between the depth that the different prey types were
caught by otters (Kruskal-Wullis one-way ANOVA, y* =32.46, d.f. = 10, p < 0.001),
see figure 4.13. Crustaceans were taken at the greatest depth, followed by eels,
though the eels showed a large amount in variation. Most of the other species were In
broadly thc same range of depth, 2 - 4 m, and wrasse were caught in the shallowest

water, under 2m.
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Figure 4.13. The mean depth of capture by otters, + standard error, of the different
prey types




4.3.8. Dive duration and depth
The duration of the successful oifer dive times for the different prey types were also
significantly different (Kruskal-Wallis one-way ANOVA, ? = 29.80, d.f. =10, p <

0.01), see figure 4.14. While the depth of successful dives was correlated with their

are grouped into prey species, and the mean dive time for a species correlated against
the mean depth of capture of that species, there is no significant correlation for mean
dive duration for each prey type against mean dive depth (Spearmans rank correlation,
r=0.55, n=1). Crustaceans, which wcre on the whole cdible crabs, were found at
the greatest depths, and also had the longest dive times. Rockling and wrasse,
however, despite being caught in relatively shallow water had comparatively long

dive times associated with their capture.
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Figure 4.14. The mean dive duration for the capture of the different prey species.




4.4, DISCUSSION

Dietary preference has been described as a “tendency to eat more of a prey type than
would be expected based on it’s abundance in the habitat”, (Sih, 1993), and Kruuk
(1995) has described the Eurasian otter as one of the most specialised carnivores with
respect to their dietary preferences. Tt is clear from numerous studies that they prefer
to forage on bottom-dwelling fish, and that they prefer to do so when the fish are
inactive. Within this fairly narrow band of prey types it has been suggesied that the
degree of selection that an otter shows in its prey choice can reflect how optimal its
environment is (Kruuk, 1995, Watt, 1995) where a4 high degree of seleclion reflects a
high quality environment. The underlying question in this study is how selective is
the otter in this area, and can we understand the adaptive significance of the observed

dietary pattern,

In order to describe the diet of the Taynish otters, two methods were used, direct

observation and faecal analysis, and there are limitations to both. The limitations of

spraint analysis have been examined at some length in chapter 3. In summary

1. The only accurate information obtainable from frequency of occurrence
quantification of spraint analysis of marine prey is a rank order of prey numbers.

2. Relative biomass of different prey items can be calculated via regression equations

and corrcction factors. These however are only at a preliminary stage and therefore

cannot be done for all prey species.




Kruuk (£995) suggests that direct observation of prey eliminates these problems, and
allows more information on for example time and site of prey capture, but this method
also has limitations namely:

1. Small prey itcms cannot be identified and this may bias the results.

2. The prey recorded are biased towards the environments in which the otter can be
obscrved feeding. It is very unusual for example to make observations of otters
feeding in a terrestrial or subterranean environment, however it is koown that they
do so, feeding on birds mammals or invertebrates.

A combination of methods can give us some useful information, for example while

observation may miss predation on mammals, hair would be found in spraints, and

accurate biomass information can be obtained from observation. These limitations,

from both methods, could therefore be overcome to some extent by the usc of a

combination of methods, yet there have been no studies to date that do so. While

Watt (1990) used both methods he neither compared nor combined them, using them

rather for different purposes, that is spraint analysis for dietary description and

observation for quantifying foraging behaviour. In this study observation was nsed
for the main body of our information, and used spraint analysis was used to identify

any gaps in this.

d.4.1. Overall diet

Both spraint analysis and dircet observation describe the diet of the otters at Taynish

as confirming all other studies, in that it is almost entirely composed of bottom

dwelling fish. In Taynish we can conclude that the most important prey items are

-




butterfish. It also correlates strongly with other comparable studies, such as Mason
and Macdonald (1980), Murphy and Fairley (1985) and Watt (1995) in that there are
high proportions of butterfish, cottids, rockling, non-rockling gadoids, gobies, eels
and crustaceans. Differences with the Shetland studies are not surprising. Eelpout
were a far commoner component of the diet in Shetland, however these are rarer in the
west coast of Scotland than in Shetland (see chapter 2, and Kruuk er a/, 1988).
Gobies and wrasse are more important in the diet of these olters than those in Shetland
and such prey items are far commoner in the west coast than in Shetland (Kruuk ef al.
1988). It would seem therefore that any dietary differences between this study and

others can be accounted for in terms of prey availability rather than predator choice.

4.4.2, Comparison of methods

The two methods of diet description differed in the relative importance assigned to
different prey species. It is important to note that there are differences as would be
predicted by the limitations of observation as a method of diet description; that is,
there is no avian, mammalian or amphibian prey noted in the observational data but
these were present in spraints. In assessing relative importance only the key prey
species were included (butterfish, eel, goby, rockling, non-rockling gadoid, and
wrasse). The Kendail’s coefficient of concordance uses ranked data and the feeding
trials described in chapter 3 suggested that spraint analysis would give an accurate
rank order of prey numbcrs. The fact the rank order we obtained is not the same as
that obtained from observation could a reflection of the limitations of the two different

methods. For example, we predicted that observation would not detect smaller prey,




and two of the larger discrepancies in the data sets are wrasse and gobies. From the
trapping data, (see chapter 2), the mean length of wrasse available to otters is 8.04cm
(s.e. = 2.29) and that of gobies is 9.21cm (s.¢. = 2.07). Where a measure of the length
of unidentified prey was available, (n = 120), the mean length was 9.21cm (s.e. =
0.27), and while the majority of unidentified prey were not assigned a size class,
because they were not seen clearly, it seems likely that they would be similarly of a
small sive. Therefore it is reasonable to deduce that the discrepancy between the two
methods is largely due to a bias created by unidentified prey in observation. This
demonstrates that the best method of assessing the otters diet is not through either
method in isolation, rather in the two combined. Tt also should is that spraint analysis
has pointed out a level of identification that would be impossible to obtain from direct
observation, in that it tells us black gobies are more important in the diet than rock
gobies whereas with observation we could only define the prey as a goby, without
knowing the actual species. The same is true for the wrasse, where 1n spraints we can
distinguish, corkwing, goldsinny and rockcook wrasse, and the non-rockling gadoids
where we can distinguish cod, pollack and saithe. This information from the spraints
is limited to only what species are present, information on prey size and otter
behaviour relevant to the prcy such as dive time and location of capturc cannot be
found in this manner, but il is precisely this class of information that is obtainable

from observation.

Another aspect of the observational method is that it is better at picking up very large
prey items, such as lumpsuckers, than spraint analysis. This is due to the fact that

with such prey items, the otter does not consumec the skeleton, only the flesh, so there




is little or no occwrence of undigested hard parts in the faeces. This has also been
noted by Kruuk (1995) with respect to dogfish, where the otter commonly only eats

the liver.

One final discrepancy between the methods is the importance of rockling in the diet.
Observations showed them to be an important component of the winter diet at
Taynish, however they were one of the lowest ranking proy items in spraint analysis.
There is no obvious reason why this might have been, except that the rockling bones

may have been confused with other non-rockling gadoids in analysis.

4.4.3. Comparison between observation and traps

When the data for the most important prey from observation and trapping were ranked
and compared, they were found to be different. Following the example of Kruuk and
Moorhouse (1990), this would suggest that otters are being selective in their prey
choice, and that this demonstrates that they are in an optimal environment (Kruuk,
1995). However the data merits closer examination before this conclusion can be
drawn. Tf we examine figure 4.3. we can see that the biggest discrepancy is in the
impartance of butterfish in the two groups. As described in chapter 2, there are
problems with the use of stationary traps to catch butterfish and therefore trapping
data for this species is unreliable. Even bearing this in mind however, figure 4.3.
demonstrates that there are large differences between all the prey groups. With the
exception of the gadoids, trapping shows the smaller group, that is the gobies, as

being commoner than are present in the diet, and the larger prey types, eel and




rockling as being less common than in the diet. This would suggest that the ofters are
selecting for the less common but more profitable prey types. Wrasse are far less
common than in the diet than in the traps, which may be because the wrasse are
diurnal in habit (Darwall et «l., 1992) and so are harder for otters foraging during
daylight to catch. The traps however show no such selectivity. The non - rockling
gadoids also do not match in the two data sets. All these species are generally pelagic,
but can be found resting in Kelp beds at different points in their lifecycle or daily
activity cycle (Howes 1991). It is likely that the otter will tend to catch them only in
the winter when the adults rest during the day in kelp beds (Samo er al. 1994).
However the majority of the prey trom the trap catches are caught the summer and are
likely to be of age group 1 juveniles, which spend their first summer in (Sarno et al
1994). They are however not resting, and this makes them unsuitable prey for the
otter, and again there is a contrast in size, the adults predated upon are fewer but of
higher food valuc than the numcrous juveniles that the traps catch. Thercfore the
discrepancy between results is due to sampling of different stages in the life cycle of

the prey, and a selection of prey size by the ofter.

Overall therefore, the data supports the conclusion that otters are selecting for larger

prey items, and this is a reflection of the quality of the habitat.

4.4.4. The influence of season and habitat on relative frequencies of prey types

In order to analyse the seasonal and habitat effects on the foraging of the otters we

constructed a three - dimensional contingency table of frequencies of prey types and




examined the trends present using a log - linear model. The most significant model
was the one represented by the equation log p + x + y + z.  Other models with
interactive terms were also significant but none were a significant as the above model,
therefore this model will provide the closest fit to the data. This becomes clearer if
examined with respect to overall frequencies, figures 4.6. - 4.5. The significance of
the differencc between the number of fish of all species, caught in all seasons is
stronger than it would be examining these individually, for example in each season
separately. This is also true for the overall frequencics between species and between
habitats. The habitat differences belween calches are the most significant. As can be
scen from figure 4.4. The largest number of prey are caught in habitat 3, the tidal
habitat, though the difference between this and the rocky habitat, habitat 1, is an effect
of the greater amount of watches carried out here to examinc the cffect of tide. This
diserepancy would not have afllected the rcsults, since the prey figures were corrected
for amount of observed activity. This is not true for the second habitat, in which
dramatically less prey were caught, suggesting that this is a less than optimal habitat
for the otters. This is supported by the trapping data (Chapter 2), which described a
congistently lower biomass of catch in this habitat than in the other two. the lack of
dense algal beds in this habitat would also support this, as will the fact that there is a
very high proportion of low quality food, such as gobics, 15-spinc sticklcback and
pipeflish caught here, suggesting a reduced ability for prey selection. Chapter § will

examine the possibility that this is reflected in the distribution of the otters around the

Taynish peninsula.




In the log - linear model, the second most significant factor was prey type, and the

relative frequencies of prey types have been discussed above under overall catches.

‘The analysis finally describes a significant difference in the caiches between seasons.
Kruuk (1995) modelled the energetic requirements of foraging otters, based on
provious studies of the oxygen uptake of captive otters (Kruuk et /., 1994) which had
demonstrated an increase in metabolic rate with a decrease in water tempcrature. His
model described an increase in foraging activity of the animal as a consequence of
decreasing water temperature. While the model described foraging cffort as actual
time spent foraging, this equates directly with the actual mass of prey consumed. Our
results have shown there is no significant scasonal variation in the mcan mass of the
prey of otters consumed (though there is a caveat to this, as will be discussed
subsequently) so in order for the otter to increase its food intake, as described by the
model, it would need to eat numerically more prey. It is likely that this is the reason

for the greater amount of prey taken by the otters in the winter at Taynish.

Other scasonal and spatial trends in relative consumption of different prey species are
notable, though were not obvious from the log - linear analysis due to aggregation of
some of the prey types, and the strength of the significance of the non - interactive
model. In common with other Scottish coastal ofters, (for example Mason and
Macdonald, 1980, Watt, 1995) eel and butterfish dominated catches in the summer,
while rockling and other gadoids were important in the winter. Spring was almost
entirely dominated by butterfish, which lay their eggs and guard them al this lime

(Quazim, 1957) so they will be more vulnerable to predators. The same is also true




for lumpsuckers, which, while they occurred infrequently in the diet, were important
in terms of mass. They only occurred in the spring in the otter diet, and, as described
elsewhere (Clutton-Brock, 1991), this is a function of male egg guarding during this
time. Lumpsuckers are an offshore species, the females only coming inshore to
spawn and the males to guard the eggs, in the spring. The egg guarding males are
vulnerable to the olters, a major cost of parental care (Clutton-Brock, 1991) and this is
reflected in the data, figure 4.9. Also notable from the data is a peak in crustacean
predation, almost entirely edible crabs, during the autumn, which is also associated
with foraging in deeper water. Potential influences on this very specific hehaviour

will be described in chapter 9.

4.4.5. The effect of tide on prey selection

Tidc was shown to have no effect on the relative frequencies of prey taken. This
would correspond to our knowledge of prey behaviour, and the fact that ottcrs prefer
to capture prey when it is least active (Kruuk et al., 1988). Koop (1990} demonstrated
in the laboratory that both rockiing and butterfish follow diel activity cycles rather
than tidal, and Hesthagen (1976) found no evidence of tide related behaviour in the
black goby. Where the tidal range is small, intertidal and subtidal fish show a reduced
dependence on the tide as an entrainment of their activity cycles (Gibson, 1969), and
the tidal range at Loch Sween is extremely small, maximum 1 meter, duc to the
presence of a amphidromic centre in the adjacent Sound of Jura (Earle, 1982). All of
this evidence points to dicl rather than tidal prey behavioural cycles and it is therefore

not surprising to discover that tide has no affect on the suite of prey captured. There
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may be other tidal effects on otler behaviour, such as reduced depth, and changes in
the accessibility of densc kelp forests due to strong currents. These will be discussed

subsequently in chapter 7.

4.4.6. The influence of habitat and season on the size and mass of prey taken

There was a significant seasonal and habitat effect on the overall size of prey taken, as
well as a significant interaction between the two factors. In general the largest prey
were taken in the tidal habitat, though not in winter, when the size of prey was fairly
constant. The largest prey were laken in the tidal rapids during the summer and this is
due to the large proportion of eels being captured then. The mean size of prey in this
habitat will also have been raised by the amount of very large lumpsuckers taken.
Some caution should be shown in examining mass with respect to season, due to the
possibility of seasonal change in the length mass relationship. This may mean that
there is differences in mass of prey that have not been shown by this analysis. For
example, Sayer et al. (1994) described how several spectes of fish become quiescent
in the winter, mcluding rockling, wrasse, and butterfish, and it is likely that some
body mass is lost during this period, hence changing any length weight relationship.

This change in prey mass may be another reason why more prey are eaten in the

winter, (see above), to compensate for their reduced food value.




4.4.7. Dive Time and Depth

Clear diffcrences emerge in the depth that the prey items are caught at, and these are
likely to be a function of prey disiribution. Most are found in relatively shallow
water, 1 - 3 m, but eels are caught deeper still, though there is much variation in this
speeics and the crabs are caught in the deepest watcrs, up to 10m. The correlation
between dive depth and dive duration is not a surprising one, given that with otters
always foraging on the bottom, there will be a longer travel time. The lack of a
correlation in this relationship when it is subdivided into species, however
demonstrates that it is not only depth that causes variation in dive time, but also the
catchability of the prey item. This, and the effect that temperature can have upon it,

will be explored in greater detail in chapter 5.

4.4.8. Conclusions

1. The diet of the otters feeding in the waters around the Taynish peninsula broadly
reflects that of other studies, being composed almost entirely of botlom dwelling
fish, such as butterfish, eels, gobies and rockling, captured when they are least
active,

2. While there are advanlages and disadvantages to both dircet obscrvation and
spraint analysis as methods for describing diet, the best overall picture of the otters
diet is obtainable through a combination of both.

3. The otters are selective in their choice of prey, where possible they will choose

heavier prey items.




4. There is variation in the feeding behaviour both seasonally and spatially, and this is
best reflected in actual total frequencies of prey eaten. The largest difference is
between habitats, the sandy habilat, habitat 2, being thc poorest in terms of
numbers of prey caught. More prey are caught in the winter and this is likely to be
due to the increased metabolic demands of feeding in colder water.

5. Diffcrent prey items tend to be caught at different depths, however variations in
dive times are not solely a reflection of depth, suggesting variation in the ease of

catching different prey.
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TIIE ROLE OF TEMPERATURE-MEDIATED FLUCTUATIONS

IN BIOMASS IN DETERMINING FORAGING SITE CHOICE

107




CHAPTER 5

5,1. INTRODUCTION

An animals choice of foraging site will be influenced by a number of biotic and
abiotic factors, and a knowledge of these factors is essential for the understanding of
an animals habitat requirements and [or the implementation of practical consetvation
management strategies. For predators, the key btotic factors will be related to prey,
such as prey distribution and size, and for predators foraging in an aquatic
environment, many key factors will be refated to hydrography, (Wanless et af., 1993).
Muctuations in the population densities of prey species can have profound effects on
the choice of foraging site in diving predators, though in contrast to many land
predators, it can be very difficult to demonstrate this since animals forage out of view,
beneath the water surface and/or far from land based observation points. Radio-
telemetry, however, has greatly increased our capacity to study aquatic predators and
to link their behaviour to aspects of the distribution and abundance of their prey. For
example using radio-tracking, it has been shown that the common guillemot has {o
travel for greater distances to foraging sites in years when there are low prey

abundances (Monaghan et al. 1994).

There has been much discussion on the habitat requirements of the Eurasian otter,
(Kruuk, 199%), particularly in relation to conservation, (for example Macdonald and
Mason 1983, Mason and Macdonald, 1986). Historically the most used technique for

determining habitat use by otters has been by surveys of the occurrence of spraints.




Such surveys have involved little eise but the counting of the numbers of otter facces
found in different areas. Whilc such information can be of value in detcrmining that
an otter has been in that particular area, it is difficult to extrapolate any further
information from this. That the otter spraints are likely to serve a communicative, as
well as excretive, function has been discussed at some length elsewhere (for example
Erlinge 1968, Mason and Macdonald 1986, Kruuk 1992 and 1995). Kruuk (1992)
hypothesised that sprainting is used as a signal to conspecifics of the recent usage of a
resource, such as a feeding patch. As part of the evidence for this Kimuk cites the
scarcity of spraints during seasonal abundances of prey, and their copiousness during
periods of low prey availability. He further suggests that the usc of other resources,
such as fresh water pools for coastal feeding otters, may similarly be signalled by
sprainting since such areas are frequently sprainting sites. However during dry
summers, when such pools are frequently restricted, we would expect an increase in
sprainting behaviour, due to the diminishing resource, but in fact there tends to be less
sprainting (Conroy and French 1987, pers. obs.). This does not detract from the
overall body of evidence of there being a communicative function of sprainting,
which creates difficulties in using if to gauge relative otter numbers. Particularly,
there are large seasonal variations in numbers of spraints that can be found. (Conroy
and French 1987, Macdonald and Mason 1987), and this is partly explained by Kruuk
(1995) in that he has observed otters sprainting motre in the water in summer. Such
large fluctuations will produce inaccuracies in any survey of otter distribution carried
out via spraint counts. It is therefore likely that much data on habitat requirements
may be flawed due to the biases in the data based purely around the distribution of

spraints (Kruuk ef af., 1986, Mason and Macdonald, 1987, Kruuk and Conroy, 1987).
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As mentioned above, a far more accurate method for determining the range and
habitat usc of an animal that is difficult fo observe directly is radio telemetry. A
radio-transmitter is attached to, or implanted in, an animal and (he signal from this

allows the position of the animal to be determined from a distance by one or more

receivers (Amlaner and Macdonald 1980). Radio-tracking has more recently given:

valuable data on habitat utilisation by freshwater otters (for example, Krauk ez ol.
1993, Durbin 1998), but for coastal otters this has only been thoroughly carried out in
Portugal, (Beja 1995), and all studies ate somewhat hampered by small sample sizes,
largely due to the difficulties of catching the otter and implanting the transmitter,
(Mclquist and Hornocker, 1979). Due to the important thermo-regulatory function of
the otters pelt, and the amount of time spent grooming it, particularly in marine
habitats, (Nolet and Kruuk, 1989) it is vital that the radio transmitter is implanted
intraperitoneally (Kruuk 1995). Some radio-tracking was carried out with coastal
otters in Shetiand before this limitation was described, with the transmitter attached to
the fur by a collar or harness, but the behaviour of the animal was modified to such an
extent that the results must have been biased (Kruuk 1995), The need to implant the

transmitter of course makes the whole radio-tracking procedure much more invasive,

In freshwater, radio-telemetry studies (Kruuk ez al. 1993, Durbin 1998) have shown
that narrow, gravel rich, sections of water are prefeired by foraging otters, though
again conclusions are limited by small sample sizes. These radio-telemetry studies

have cast doubt on the traditionally held beliefs, derived from spraint surveys, that




certain habitat features, such as riparian vegetation, arc important for otter distribution

(Durbin 1998).

For otters foraging in a marinc habitat, pcrhaps the most crucial environmental
constraint is the availability of fresh water, (Kruuk and Moorhouse, 1991). This
resource is necessary for the washing of salt, which compromises the thermo-
insulatory function of the pelt (Kruuk and Balharry, 1990), out of the animals fur.
This requirement for fresh water is reflecied in the otters preference for coastal
habitats which are gently sloping and poorly drained, as opposed to cliffs or
agricultural areas. This explains to some extent why otters are relalively common on
the west coast of Scotland, but not the east, (Green and Green 1987, Kruuk 1995).
Underlying geology, particularly the permeability of the rock will also affect this,

(Kruuk 1995).

In Shetland, Kruuk and Moorhouse (1990 and 1991) hypothesised that, as well as
access to fresh water, it was important for an otter to have access to different habitats
within their home range in order to be able to exploit scasonal variations in the prey
abundance of different habitats. This was particularly associated with winter peaks in
gadoid predation, on exposed coasts, and summer peaks in eelpout predation, on
sheltered coasts. It has been argued (Kruuk and Moorhouse 1990 and Kruuk 1995)
that this explains the social grouping of the otters in such areas, where several females

share a group range, thereby allowing exploitation of habitats that fluctuate seasonally

in quality.




There are a number of advantages and disadvantages associated with both direct
observation and radio-telemetry as means of obtaining information about otter usage
of habitats. Direct ohservation has the considerable advantage that there is not the
need to capture the animal, which can take a considerable amount of time with, and
perform invasive surgery upon it. With Eurasian otter populations considered
vulnerable, there are strong ethical as well as logistic arguments against this.
Furthermore, direct abservation allows for data to be obtained from more individuals
than can be captured and successfully implanted with functional transmitters. Also
observation allows you to see precisely what the animal is doing, which frequently is
not possible with radio-tracking. Converscly radio-telemctry allows for the precise
dentification of individuals and, in the case of otters, potentially creates the
opportunity for more information on terrestrial behaviour to be collected. Finally
radio-telemetry would allow data on the possibility of coastal otters foraging
nocturnally, as may occur in the winter (chapter 7). The ideal study would be one in
which both methods were used, but for the purposes of this study, it was decided that
direct observation would allow a good quality and quantity of data to be collected

without the logistical and ethical difficulties of radio-telemetry.

Our study site around the Taynish peninsula encompassed different marine habitats.
On the other hand, fresh water pools and holts were abundant and uniformly
distributed on the land associated with these, due to a degree of homogeneity of the
coastal terrestrial habitais. Therefore it gave the opportunity for us to examine

variations in the choice of foraging site, without confounding t{errestrial variables.




Qur explicit hypothesis was thal habitat selection would be governed by available
prey biomass, and this in twmn would be allceted by environmental variables,
particularly water temperature, From chapter 2 we have already determined that there
is an interaction between available biomass and season, and this may further influence

foraging habitat choice by otters.

We therefore set out to test the hypothesis that otters forage preferentially in areas

where there is the highest available biomass for any particular water temperature by

cxamining the following questions:

1. Whether the available biomass of the three habitats fluctuated with watcr
temperature, and whether this relationship was the samc for all three habitats.

2. Whether the otters followed patterns in biomass in their choice of foraging habitats,

and if not what other factors could have influenced this.
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5.2, METHODS

5.2.1. Temperature mediated fluctuations in biomass

The fish-trapping regime (chapter 2) provided data on the interaction between
biomass and mean monthly water temperatures. Biomass was measured as the total
monthly weight of catches, excluding crustaceans, in the fish traps in each of the three
habitats, rocky, sandy and tidal. ‘The mass of crustaceans was excluded from this
measure for two reasons; firstly, the large numbers of crustaceans, particularly shore
crabs did not reflect their importance in the otter diet (chapters 2 and 4), and secondly
a large part of the body mass of crustaceans compromises the carapace, which the
otters do not eat (Kruuk 1995). Ollers tend {o only eat crabs, because of the high costs
associated with them when they are inexperienced, (Watt 1993), with the excoption of
edible crabs, which have a high food value, see chapter 9. The mean monthly water
temperatures of the three habitats were calculated as the arithmetric mean of the
temperatures measured at 2m depth during all watches carried out at each habitat
during a particular month. In temperate shallow waters there is homogeneity of
temperature throughout the water column (Clark 1987). The temperatres were
recorded on a Salinity, Conductance and Temperature (S.C.T.) meter after each watch
was completed. The relationship between biomass and temperature was calculated for
each habitat using Analysis of Covariance, {Sokal and Rohlf, 1995) on the SPSS.7

statistical computing package, with biomass as dependant variable, habitat as the

factor, and water temperature as the covariate.




5.2.3. Seasonal fluctuations in habitat utilisation by otters

Tror 15 months, July 1995 - September 1996, otter watches were carried out along the
coastline of the Taynish peninsula. For the purposes of this the three key habitats of
the area were subdivided inlo observable scgments, where the whole coastline was
observable from a single vantage point allowing all otter activity within each area to
be recorded, and each area was observed for 5 consecutive hours every month. These
siles and recording sessions ensured that all areas were equally sampled. The timing
of the watches was standardised to coincide with an early morning receding and low
tide to eliminate the possibility of biases created by time of day or state of tide, which
may influence the amoumt of otter activity (Kruuk and Moorhouse 1991, chapter 6).
During the watch any otter activity was recorded and the location marked on maps of
the observation area. The timing of dives was recorded, and foraging use was
recorded as the overall ttme an otter spent underwater during the observation session.
The overall time an oiter was in view was also recorded, as a measure of activity, as
was the proportion of the time the otter was in view that it was underwater. If two
otters were present detailed observations would be made of one and a record of the
others general behaviour, that is in the water or on land, made. The time the second
otter was in the water was then assigned a value of underwater time from the mean
proportion of time that was spent underwater obtained from observations of otters at a
similar time of day and tide state, and time of ycar. In practice this occurred very few
times. 'These measures of activity were then corrected for the distance of coastline
observed for that particular watch, by dividing the amount of time underwater by the

length in km of the shoreline. Studies by Kruuk and Moorhouse (1991) in Shetland




demonstrated that length of coast is thc most consistent measure of the range of
marine foraging otters, (as opposed to quantity ol water or overall area). The watches
for cach of the habitats were aggregated, and analysed using an ANOVA General
Linear Model, including foraging usage per km as dependant variable, biomass, water
temperature and mean prey catch per minute as covariants and habitat as the factor.
The results were compared with the predictions obtained from the relationships
between biomass and water temperature, both in terms of water temperature, and time

of year.
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5.3. RESULTS

5.3.1. Temperature mediated fluctuations in biomass

An Analysis of Covariance with temperature correlated against biomass showed that
for each habitat thcre was a correlation between biomass of catch and water
temperature. The relationship was different for each habitat and there was thus a
significant interaction between habitat and temperature, table 5.1, and figure 5.1. The
interaction largely arises because, unlike the other two habitats, there is no increase in
biomass with temperature in the rocky habitat; further the incrcase in biomass with
temperature was much faster in the tidal than in the sandy habitat, As can be seen in
figure 5.1., at temperatures below 10°C the highest biomass was in habitat 1, the
rocky habitat, whereas at temperaturcs above 10°C the highest biomass was in habitat

3, the tidal habital. Al no point was the biomass in habitat 2 more than that in the

other two habitats.
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D.F. F Significance

Habitat 2,34 4.68 <(.05
Water temperatute 1,34 6.63 <0.001
Interaction term 2,34 4.88 <0.05
Model 5,34 10.80 <0.001

Table 5.1. Fluctuations in available biomass, as determined from stationary
trapping, in relation to meuan monthly water (emperature in three habitats
suwrrounding the Taynish peninsula

From this result we would predict that, if available biomass is the main determinant of
otter usage of a foraging site, then otters would forage mostly in habitat 1, (the rocky
habitat) when temperatures were below 10.7°C and switch to a preference for habitat

3, (the tidal habitat) in temperatures above 10.7°C. Furthermorc the data would

predict that at no point would habitat 2, the sandy habitat, be preferred.

5.3.2. Seasonal variation in habitat utilisation by otters

The three measures of otter activity produced slightly different results.

1. The mean overall time an otter was observed per 5 hour bout, corrected for coast
length, differed between habitats, (ANCOVA, d.f. = 2, 33, F = 6.434 p< 0.01)
(figure 5.2) though none of the covariates, that is available biomass, water
temperature or catch ratc were correlated with this when included in the model, nor
were there significant interactive terms.

2. Mean actual foraging time, as measured by time underwater corrected for length of
coast, also differed between habitats, (ANCOVA, d.f. = 2, 33, F = 3,94, p<0.05),
figure 5.3., and correlated positively with biomass, (ANCOVA, d.f. =1, 34, F =
3.62, p < 0.05), figure 5.4., with no significant interactive term. The correlation

with biomass, while statistically significant, was however a very weak one
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(adjusted 12 = 0.04). There was no significant rclationship with the other two
covariates, nor were there any significant interactive terms.
3. The proportion of the time an otter was in view that it was underwater showed no

variation with habitat and was correlated with none of the covariates.

Mean amount of time otter in view (seconds)

a R

Sandy
Habitat

Figure 5.2. The mean amount of time per five-hour watch, + standard error, that an
otter was in view, in the three habitats, over the whole study.
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300 /// 7 ’/// .

Mean amount of fime otter underwater {seconds)

200- ::/ //% ) Z
Habitat

Figure 5.3. The mean amount of time per five hour watch, * siandard error, that an
otter was underwater, in the three habitats
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Both measures 1 and 2 indicated that most activity occurred in habitat 3, the tidal
rapids. In order to determine whether any underlying pattern of foraging site choice
corresponded with our predictions from biomass, we split the observations into two
groups, to correspond to the temperature ranges of the biomass predictions, that is less
than 10.7°C and greater than 10.7°C, figure 5.5., and examined the relative amount of
foraging, using the second measure of this, in the three habitats. Our prediction stated
that at the lower temperature range, the otters would prefer to forage m the rocky
habitat, and in the higher range they would prefer to forage in the tidal habital. In
other words we would have predicted an interaction between habitat and temperature
range. Analysis using a two—way ANOVA revealed that there was no signilicant
interaction between these two fuctors (d.f. = 2, 46, F = 0.14). Tcmperature range also
had no effect on amount of foraging, (d.f = 1, 46, F = 0.02), although there were
differences between the habitats, (d.f. = 2, 46, f = 4.02, p < 0.01). As can be seen
from figure 5.5., there was no difference between the patterns of foraging site choice
in the two temperature ranges. However the data does fit our predictions in that the

sandy habitat is foraged least by the otters,
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Figure 5.5, The mean, =+ standard error, amount of time per five-hour watch that an
otter was underwater, in the three habitats, in two temperature ranges

In order to examine further the data for variations in this overall pattern of foraging
site choice, we subdivided the data into months, figure 5.6., and analysed it by using a
two-way ANOVA., with month and habitat as the two factors, and again using
underwater time corrected for length of coastline as the dependant variable. There
was no significant variation in the amount of foraging observed in the different
months (d.f. = 11, 24, F = 1.08), nor did this interact with habitat (d.f. = 21, 24, F =
1.19). While there were no significant interactions between month and habitat, there
were deviations from the overall pattern of the most otter usage being in habitat 3. As
shown in figure 5.6. these are in the months of Seplember, October and November,
when there was more activily in Habitat 1, and February and August, when there was

more activity in habitat 2.

121



‘ [__IRocky

Sandy
‘Eﬁﬂ‘ﬁ |

B Tidal
Nt 25 | | 4 ; s
Me Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Hemp 4.7 56 6.1 8.7 109 14.6 154 156 14.4 127 11.0 7.1

(°C) MONTH

Figure 5.6. The mean time, = standavd error, that an otter was underwater, in the
different habitats, throughout the year.




5.4. DISCUSSION

Densities of prey can have profound effects on the foraging site choice of diving
predators (Monaghan ez a/. 1994). In this chapter we examined the effect of
temperature driven [luctuations in prey density on foraging site choice in the Eurasian
otter. Our results showed that while there were some cortrespondences between
observalions on sitc choice around the Taynish peninsula and predictions based solely

on biomass, this did not fully account for the distribution patterns

5.4.1. Fluctuations tn biomuass

Re-examination of the fish trapping data (chapter 2) in the context of watcr
temperature demonstrated not only a positive corrclation between water temperature
and total monthly biomass, but that this relationship differed significantly between the
threec ditferent habitats (Figure 5.1). From thesc rclationships it was possible Lo
predict which habitat the otlers would prefer to forage in, over the range of
temperalures described. Before examining this relationship there are a few points that

should be clarified,

As discusscd in chapter 2, the traps used in the fish trapping regime depend on the
behaviour of the fish for catches, (see also Kiuuk et a/. 1988), and as described in
chapter 6 and elsewhere (for exarple Fraser et al. 1993) the behaviour of the fish
varics with water temperaturc, with a reduction in activity with depressed water

temperatures. A consequence of this may be that some or all of the effect of water
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temperature may be due 1o changes in the fish behaviour rather than in actual
population densities. Following Kmuk ef al., (1988), in chapter 2 we compared the
relative ranking of prey caichcs in the traps in different months, with the assumption
that behavioural changes would affect all species in broadly the same manner.
Therefore if the ranks had changed scasonally, this could be taken as a confirmation
that temperature mediated changes in fish behaviour were not the determinant of
change in the catches of the traps. While our results, like those of Kruuk ef al. (1988),
confirmed this, they do not altogether eliminate the possibility that temperature does
have an influence on catches. Furthermore it is not entirely clear what this influence
would be, since the reduced activity at lower temperatures will both reduce the
likelihood of a [ish entering the trap, it will also reduce its ability to escape. Our data
show that there are differences between habitats in the relationship between water
temperature and catch, and this further reinforces the belief that catches from [(ish
traps are not simply a function of temperature mediated behavioural changes to the

fish.

5.4.2. Measures of usage

Tn our description of the otters” habitat use we used two measures, the overall time an
otter was in view and the total underwater time, and as third measure we determined
the proportion of the total time that an ofter was underwater. There was liftle
difference between the first two, although the second, underwater time, produced a
significant but very weak corrclation with biomass, while the first did not. Both

measures are likely to have different useful applications. The first measure, the whole




period an otter is in view, includes resting and recovery periods as well as travelling
time, and as is the more useful in tcrms of descriptions of overall usage of an area by
ofters. As such if is reasonable to expect that biomass would not have an effect. The
second measure, the total amount of time an otter is underwater, is related entirely to
foraging behaviour, and so while its use is perhaps more restricted, it will conversely
be more precise. For this reason, and because it is foraging behaviour that this study

is particularly concerncd with, it is this measure that we shall use subsequently.

The proportion of total time that an otter was underwater was measured to examine if
there were differences in how an olter allocated time in the habitals, or in different
water temperaturcs, That there were no differences or relationships suggests either
that the ofters allocate time to separate activities in much the same way in any
conditions or that the differences we were observing were too subtle to cause any

detectable change.

5.4.3. Huabitat cheice

From the data obtained from fish trapping and water temperature we predicted the
habitat preferences of foraging otters in relation {o biomass and water temperature.
While overall the otters foraged preferentially in the tidal habitat, and this was the
habitat with the overall highest biomass, the actual data of changing use of habitats in
relation to biomass only matched the predictions to a limited extent. This suggests
that available biomass does plays a rolc in foraging habitat choice, but that other

factors are also important. Some of these possihilities will now be discussed.
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5.4.3.1. Prey choice

For thc purpose of our predictions we assumed that the available mass of prey, in
grams, would be the key factor in habitat choice. What this does not take into account
is differences in prey value, particularly calorific value and lipid content, and
variations in costs of obtaining and handling certain prey items. Calorific analysis by
other workers, (Norman 1963, and Nolet and Kruuk 1989) gave the highest calorific
values of the commonest prey types to be butterfish, (5.01 kj/g, Nolet and Kruuk
1989) and eels, (6.08 kj/g, Norman 1963). All other factors being equal, we would
predict that the otter would choose such prey over lower value prey. Our data from
obscrvations of dive times of diffcrent prey (chapter 5) showed thal capture times of
the commonest piscine prey are broadly similar, and, although eels have the second

longest capture time, any such differences are small.

From the observations of otters feeding (Chapter 4), for much of the year, the most
important prey types are eels and butterfish. Furthermore the fish trapping data
clearly shows that more eels are caught in habitat 3 than habitat 1, and while the
accuracy of stationary trapping as a method of assessing butterfish populations is
questionable, all the catches of butterfish wcere in habitat 3. This is strongly
suggestive that at least some of the deviations from our predictions are associated with
the otters choosing more profitable prey, using calorific value rather than simple mass

as an important criterion of habitat choice.
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However, the daia from fish trapping also shows that the most eels are caught in the
traps in habitat 2, and so while this may well explain why most otter foraging is
carried out in this habitat it in Aungust, therc is no foraging catricd out here in the other
sunmer months, Therefore we must conclude that factors other than prey mass and
quality (as expresscd by calorific valuc) arc influcncing choice of habitat. It may be
that rather than a single prey species determining site fidelity, it is also the range of
species available that is important, and while there are high catches of eels associated
with the summer months in habitat 2, there are few other prey of value, whereas both
habitats 1 and 3 have a range of species available. There may also be other features of
the habitat that influence the otters choice, such as algal cover, and this will be

discussed subsequently.

A lurther deviation from our prediction occurs in February, when again the greatest
amount of activity occurs in habitat 2, the sandy habitat. TUnfortunately during
observations in this month it was impossible to identify the prey species taken in
habitat 2, largely because they were too small or visibility was too poor. Other
observations from this time suggest that the most important prey are 15-spine
sticklcbacks and to a lesser extent gadoids. Fish trapping shows the largest number of
15-spine sticklebacks were canght in February in habital 2, so it may be that this
species 1s dominant in the choice of foraging site at this time. However, the 15-spinc
stickleback is a poor quality prey species for otters, the lowest of all the common prey
in terms of mean mass of those caught by otters, (4.04g £ 0.31, chapter 4), while the
gadoids are of rcasonably good quality, both in terms of mass and calorific value

(rockling; 40.73g + 4.62, 3.83 kj/g, non-rockling gadoids 34.98g + 4.65, 4.29 kj/g,




mean masses from chapter 4, calorific contents from Nolet and Kruuk, 1989).
Therefore it is not clear why the otter would show a preference for this species. In
general the prey quality available to otters is reduced in winter, (for example Kimuk
and Moorhouse 1990) and it may be quantity of sticklebacks rather than guality that is

the important factor, but this is not clear from any of the data.

5.4.3.2. Algal cover

Decnse, canopy forming algal species, particularly Laminaria spp., arc important for
coastal foraging otters because their prey species will use them for cover when they
are resting (Kruuk 1995), the period in which the otters will forage for them the most.
Of the three habitats, only | and 3 had these species of algae present in large numbers
(Earil 1984, Lumb, 1984), whereas habitat 2 is more associated with Zostera beds
(Ibid.). These latter beds only provide dense cover for a short period in the summer,
coinciding with the period in August of marked otter usage of the habitat. Both
habitats 1 and 3 possess large areas of Laminaria forest, but thcy arc of a slightly
different nature. In habitat 1 there is typically a broken rock and boulder substrate,
dominated almost entirely by Laminaria saccharina and L. hyperborea,. In habitat 3,
there is also a similar substrate with Laminaria growths, but they are interspersed with
Maetl beds, gravel and muddy sediments and there are also areas of pebble substrates,
dominated by encrusting calcareous algae and Ophiocomina nigra (a species of
brittlestar), (Lumb 1984). Kruuk et @/ (1990) examined a nsmber of microhabitats
along a Shetland coast, which differed significantly in their usage by foraging otters.

Within the range of these there was little difference in the amount of prey caught and
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its size, nor was there a difference in their proximily {o other resources such as resting
sites and freshwater. Where there was a perceptible difference was in the amount of
openings in the canopy forming algae species. It was hypothesised that these assisted
the otters in foraging by allowing them to get siraight down to the stems and holdfasts
and move horizontally, rather than having to work their way through the dense canopy
of the fronds (Kruuk 1995). The nature of the varied substrate in habitat 3, and the
resultant patterns of vegetation, may therefore be preferable to a forging otter rather
than the more dense and uniform pattern in habitat 1, creating a further influence on

the otters choice of foraging habitat.

5.4.3.3. Availability of depth

Another aspect of the habitats that will be a factor in the choice of foraging site for
otters is the availability of deeper water in which to forage. While otters gencrally
forage in water less than 3m deep, (Nolet et a¢f. 1993) in warmer water they will
forage deeper {chapters 8 and 9). The only habitat around the Taynish peninsula
which has depths greater than 5m is the rocky habitat, and this may account for the
use of this habitat in September and October, (figure 5.6.) in contrast to our

predictions based simply on biomass.

5.4.2.3. Species diversity
In chapter 2 we calculated a Shannon-Wiener species diversity index for the different
habitats. This demonstrated that the highest species diversity was in the tidal habitat.

While it wouid be false to simply say this was the reason for greater overall ofter




usage of the area, it is likely that the two factors are linked. It may be profitable for
an otter to forage in an area where it does not need to be reliant on a single important
prey specics, rather for it to have a range of species to choose from. The higher
species diversily, and the higher biomass, are likely to rellect the overall quality of the
tidal habitat, a fact noted by other studies on the area (see review in Lumb 1986) and
in the habitat’s listing as a4 Site of Special Scientific Interest. Overall therefore it is
likely that the otters show a preference for this habitat because of its general quality,

in terms of biomass, algal cover and species diversity

5.4.2.3. Terrestrial variables.

Terrestrial variables, such as access to fresh water, ease of entry and exit to sca, bolt
holes, are all likely to be important in determining habitat choice. However in this
study there was considerable homogencity of the terrestrial environment close to the
shore , so such factors can be eliminated from our discussion.

5.4.3. Conclusions

1. Otters feeding around the Taynish peninsula show an overall preference for one
habitat, the tidal habitat, however there are monthly variations in this

2. The preference for this habitat is likely to be due to overall habitat quality, as
reflected by biomass, algal cover and species diversity.

3. There is a positive rclationship betwoen biomass and water temperature but it is
different in each of the habitats. The variations in habitat use can be partly linked

to the fluctuating biomass of the them, though this does not completely account for

the changes




4. Other possible causes of these changes include a preference for certain prey, cels
and butterfish, due to calorific content, a preference for foraging in habitats with

broken algal cover, and seasonal exploitation of deeper water.
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CHAPTER 6.

THE EFFECT OF TEMPERATURE REDUCTION ON THE ACTIVITY AND

ESCAPE RESPONSE OF PREY OF THE EURASIJAN OTTER
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CHAPTER 6

6.1. INTRODUCTION

Foraging behaviour, in any predator, will to a large extent be influenced by the
behaviour of its prey (Sih 1993), and variations in the preys tendency to move will be
a major factor in determining the predators attack behaviour (Sih 1993). Ectothermie
animals, such as fish, arc subjcct to temperature as a major environmental influence
on their behaviour (Fraser et al., 1993}, and so the behaviour of their predators is also
likely to be affected by it. Cold water temperatures are frequently associated with
enforced inactivity in crevices or under rocks in marine fish (Sayer ef al.. 1994),
though this has been mistaken for downshore migration in the past (for example with
wrasse, Fielder, 1964, and butterfish, Watt, 1995). During these periods of torpor the
fish are likely to be exposed (o an increased predation rate by predators such as the

Turasian otter.

On the west coast of Scotland the diet of the otter is dominated by butterfish, (Mason
and Macdonald 1980, Watt 1995, and see also chapter 4), and this is one of the
species known to enter a state of torpor during cold water and retreat into crevices,
{Sayer et al. 1994), While it is sensitive to changes in temperature of as little as
0.03°C (Gibson 1969) it seems to be more tolerant of low tempecraturcs than other
infralittoral species. For example Jones and Clark (quoted in Gibson 1969) described
a large “winter kill” of marine fish during an extremely cold winter. Many species

became locally extinct; others took several years for their populations to recover,
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however butterfish numbers were unaffected. Despite this there have been no studies

examining directly the effect of temperature on butterfish behaviour.

There are five species of wrasse that are associated with the Scottish coast, and they
all inhabit inshore waters amongst rock and algal cover (Darwall et al. 1992). Several
of these species, such as goldsinny, corkwing and rockcook, are known to show
tcmperature mediated behavioural change, as well as going into torpor at low
temperatures (Sayer ef af., 1994), their growth and feeding intensity are lemperature
related (Darwall et al., 1992). Wrassc arc important components of the otters diet in
Portugal (Beja 1995), and have also been recorded as prey items in Ireland (Murphy

and Fairley 1985) and Scotland (chapter 4)

A number of species of gobies inhabit the coastal waters of the British Isles (Wheeler
1978), and some of these, notably the black and rock gobies, can be a relatively
important food source to the otter (chapter 4). While there have been some studies
examining the influence of light (Hesthagen 1976) and hydrostatic pressure {Northcott
1991} on the aclivity of black gobies, and a number of studies on the behavioural
ecology of gohies (for example Ota e al. 1996), including studies on behaviour
mediated predation risk (Magnhagen, 1993), there has been no work (o date

describing any temperature related effects on activity and consequent predation risks.

There have been a number of suggestions that water temperatures have a profound
effect on the foraging behaviour of otters (Kruuk 1995) with recent work

demonstrating that there are increased metabolic costs associated with foraging in



lower water temperatures (Kxuuk ef a/. 1994). Kruuk and Carss (1996) modelled
these metabolic costs in terms of the energetic input, expressed as fishing effort per
day, required to offset the metabolic costs of foraging at different water temperatures.
Their model predicted that in colder temperatures it would be necessary for an otter to
forage for longer in order to meet its metabolic requirements. These predictions are,
however, based on a constant potential capturc rate of prey, though the model does
allow for some variations in its interpretation. The otters feeding at Taynish (chapter
4) and elsewhere on the Scottish coast (Watt 1995), catch more profitable prey in the
winter particularly the gadoids, such as rockling and cod, und so while there may be
increased foraging costs in low watcer tcmpceraturcs, due to incrcascd cpergy
requirements for thermoregulation, there may also be increased benefits related to
changes in prey availability. This shall be examined more closely in chapter 8.
Furthermore if the prey show temperature-mediated fluctuations in behaviour, as
described above, their vulnerability to predation may be increased in colder water
temperatures, This would be a further benefit to offset the increased costs incurred by

a predator foraging at low watcr temperatures,

W therefore set out to test the hypothesis that temperature mediated changes in the
behaviour of the prey affected the foraging behaviour of the predator. In order to do
50 we determined:

1. If there was a reduction in activity in some of the prey species of the otter and if

this reduced activity level was reflceted in a consequent reduction in escape

TeSponse.
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2. Whelher any [luctuations in these behaviours resulted in a change in the foraging
behaviour of otters in the wild, in terms of the capture time required for each of

these prey items.
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6.2, METHODS

6.2.1. General Activity Level

Live specimens of butterfish and corkwing wrasse were obtained by trawling along a
five-mile stretch of coastal watcr at Dunstaffnage, Oban, Argyll. They were
transported to Glasgow and placed in a large storage tank, which was kept aerated,
and at a constant temperature of 11°C. The tank was filled with sand, gravel, rocks
and scawced, as well as plastic tunnels, in order fo closely mimic the natural habitat.
A constant phototperiod of 12 hours was given each day, from 8 a.m. to 8 p.m. the
animals were allowed to acclimatise to captive conditions for a minimum of five

weeks.

Three observation tanks were sct up, cach was 90 cm long, 30cm wide and 45 cm
deep, the bottom covered with sand and broken shells, with larger stones on top.
There was an area of seaweed, Fucus serratus and F. vesiculosis, and tunnels and
crevices were created to allow for hiding places. Each of the observation tanks was
kept in a separate room of different ambient temperature, and the water in the tank
was thereby kept at three temperatures, 5°, 10° and 15° C. The water was not allowed

to fluctuate more than 0.5°. Continuous aeration and water circulation was applied.

For each experiment, two individuals of the same species were removed from the
holding tank and placed in an observation tank.  Following Stott (1970) who

described an excess of activity in perch, Perca fluvatilis, immediately after handling,




and to allow acclimatisation, the fish were left for 48hrs. Activity was recorded as an
instantanecus time sampling procedure (Boniface 1994) with a recording of each
animal scored as cither active or stationary. This was repeated every two minutes,
giving a total of ten scores for each animal. This was then repeated again for a further
five bouts, with a twenty minute recording period every hour for six hours, giving a
total of sixty scores for each animal al each temperaturc. The two animals were then
removed and a further two conspecifics were put in the tank, and the same procedure
followed, The procedure was followed for six fish of both species at three different
temperatures. ‘The same fish were used for all experimental temperatures, so a 48-
hour period of acclimatisation was allowed before each experiment. Feeding regimes

were not vatied at any point.

The results were expressed as the proportion of the sixty scores that the fish was in
motion, and then arcsinc transformed to allow for paramectric analysis. To cxamine
the data for any relationship between activity level and water temperature, analysis of
covariance {(Sokal and Rohlf 1995) was used, with activity as the dependent variable,
individual fish as the factor, and water temperature as the covariant. This allowed
such any relationship between activity and temperature to be examined while taking

into consideration any individual variations in response.

0.2.2. Escape Response

Corkwing wrasse and butterfish were collected from Dunstaffnage bay by beam

trawling and kept as outlined above for general activity studies. Rock gobies were




obtained from the stationary trap regime (See Chapter 2) and kept in the same holding
tanks as the butterfish and wrasse. An experimental tank was built, measuring 124 x
30 x 24 ¢m, containing a transparent plastic cylinder of 18 cm diameter and 56 cm
long, The cylinder was marked at 1 cm intervals along its full length. A Panasonic
video recorder was focused upon the cylinder. Water temperature within the
cxperimental tank was modified following Harper and Blake (1990} by adding plastic
bags filled with either hot or frozen water, and leaving until the temperature stabilised.
This was carried out as it allowed more variations in temperature than the method
described above [or general activity studies. Temperature was constantly monitored
to prevent fluctuations of more than 0.5° C. An acclimatisation tank was also built
containing rocks and gravel as above, and this was maintained at the same

temperature as the experimental tank.

The animals were allowed to acclimatise for 24 hours in the acclimatisation tank
before each experiment, and then they were placed in the experimental tank and left
undisturbed for one hour. With the video recorder running, an escape response, that is
swimming down the cylinder in the opposite direction from a stimulus, was provoked.
Following Eaton and Emberley (1991) the stimulus was a prod to the head region with
a glass rod. The procedurc was repeated five times for each individual, which was
then removed, weighed and placed in the holding tank. This procedure was carried
out for seven rock gobies, eight wrasse and ten butterfish, at five different

temperatures, 16°, 11°, 8°, 6° and 4°C.
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From the video recordings of the experiments, the mean speed exerted by each animal
for the duration of cach escape response, and the acceleration from the start to the end
of the cylinder during each response was calculated. The rclationship between water
temperature and speed and acceleration of escape response was calculated by Analysis
of Covariance (Sokal and Rohlf 1995), with activily or speed as the dependant
variable, individual and sequence of response as the factors, and the water temperature
as the covariant. Analysis by this method allowed consideration to be made of

individual variations in response, and for any effects of habituation or fatigue.

6.2.3. Otter Behaviour

During observations of otlers {eeding (see chapter 4), the duration of successful dives
were measured, Where the prey was identifiable this was recorded. The temperature
of the water in which any feeding was observed was measured at 2 m depth using a
CTS meter. The duration of dives, for each prey type, were then examined for any

relationship with water temperature, using correlation analysis,
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6.3. RESULTS

6.3.1. General Activity Levels

For both the two fish species tested, that is butterfish and corkwing wrasse, there was

a highly significant relationship between activity and water temperature, with activity

decreasing as temperature decreases, table 6.1. Therc was no individuval variation in

activity, nor was there an interaction between individuals and activity at different

temperaturcs.

Species D.F. F significance

Butterfish Individual 5,18 0.26 N.S.
Temperature 1,18 80.83 <0.001
Interaction 5,18 0.54 NL.S.

Wrasse Individual 5,18 0.63 N.S,
Temperature 1,18 10.05 <0.001
Interaction 5,18 0.66 N.S.

Table 6.1. The relationship between water temperature and activity in butterfish and corkwing wrasse
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Figure 6.1. The relationship between water temperature and the proportion of time
that a butterfish is active
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Figure 6.2. The relationship between water temperature and the proportion of time
that a corkwing wrasse is active

6.3.2. Escape Respoise

For all 3 species there was a highly significant positive relationship between both the
speed and the acceleration of the escape response and water temperature, see table 6.2.
In all species this relationship was stronger for speed than acceleration. With
butterfish there was no significant individual variation, nor was there a habituation or
fatigue effect, expressed as the number of previous times the escape response had
been elicited. There was however significant individual variation in the speed of the
response in wrasse, though this did not interact significantly with temperature; that is
the variation in speed atiributable to water temperature was the same for all
individuals, though actual speeds were different. There was no sighificant habituation

effect in this species, nor did this interact with temperature. Rock gobies did not show
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individual differences in speed or acceleration, however there was a significant
intcraction between the individuals speed and water temperature, that is the
relationship between water temperature and (be speed of escape response was

different for ecach individual. Again there was no habituation effect or interaction

term.
Speed Acceleration
Species D.F, f sig, DT, f sig,
individual 9,250 1.00 N.S. 9,250 (.88 N.S.
arder 4,250 224 N.S. 4,250 1.51 N.S.
Butterfish | temp. 1,250 46.37 <0.001 1,250 22.08 <0.001
int. 1 9,250 0.75 N.S. 8,250 0.71 N.S.
int. 2 4,250 1.76 N.S. 4,250 1.76 N.S.
17=0,27 r’=0,25
individual 8,225 2.18 <0.05 8,225 1.42 N.S.
order 4,225 1.13 N.5. 4,225 0.51 N.S.
Wrasse temp. 1,225 8392 <0.001 1,225 46.50 <0.001
mt. 1 8,225 1.96 N.S. 8,225 1.12 N.S.
int. 2 4,225 1.67 N.S. 4,225 047 N.S.
r*=0.39 r:=0.26
individual 6,175 1.59 N.S. 6,175 1.03 N.S,
order 4,175 1.62 N.S. 4,175 0.38 N.S.
Rock temp. 1,175 132,76 <0.001 1,175 31.01 <(.001
goby
nt, 1 6,175 2.88 <0.05 6,175 1.44 NS,
int. 2 4,173 2.33 N.S. 4,175 0.49 N.S.
r*=9.54 r*=0.29

Table 6.2. The results of the ANCOVA investigating the relationship between water
temperature and escape response, expressed as speed and acceleration, in butterfish,
corkwing wrasse, and rock gobies. Int. 1. is the interaction between individual and
temperature, int. 2 the interaction between order and temperature
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Figure 6.2. The effect of water temperature on accelevation, during the induced
escape response, of the butterfish.
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Figure 6.6. The effect of water temperature on the speed of the induced escape
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escape response, of the corkwing wrasse.
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6.3.3, Otter Behaviour

The data on butterfish and gobies was analysed by Pearson’s correlation. coefficient,
and that on wrasse by Spearman’s rank correlation, due to a small sample size. None
of the dive durations required to catch the three prey items showed any significant

variation with the temperature of the water in which they occurred, table 6.3.

| n R sig.
Butterfish §7 0.02 N.S.
Wrasse 7 0.59 N.S.
Goby 27 0.12 N.S.

Table. 6.3. The relationship between the duration of dive preceeding capture of prey and the
temperature of the water, for three prey species, butterfish, corkwing wrasse and gobies.
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6.4. DISCUSSION

Temperature mediated fluctuations in prey behaviour may under certain circumstances
have dramatic effects on the foraging behaviour of a predator. In this study, however,
whilc it was clearly shown that the activily and strength of escape response of some of
the piscivorous prey of the Eurasian otter were significantly compromised by low
water temperaturcs, we found that there was no variation in the amount of time
associated with the capture of these prey with fluctuating water temperatures. From
our experimental data we would have expected dives in colder water temperatures to
be shorter, due (o the fish being easier to catch. Clearly, stronger influences affect the
ability of the fish to escape predation, and in order to understand them, an
examination of the foraging behaviour of the otter is required. First, however, we

shall discuss the fish behaviour in more detail.

6.4.1, Fish behaviour

The decline in activity and swimming speeds in three fish species we have described
has been similarly found in other species (for example in rainbow trout, Salmo
gairdneri, Webb 1978). This decline may be related to physiological aspects of the
fishes musculature, in that white glycoltic muscles, which are associated with fast
swimming spceds, are recruited less at low temperatures, (Rome ef al. 1984), as well

as the overall decline in speed of responses in cold water associated with ectothermy.
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Such a reduction in activily and startle responses will be a serious constraint on these
fish, since it makes them highly vulnerable to predation. It is therefore likely that they
have evolved mechanism to counterbalance this. 'lraditionally (for examplc Wheeler
1969) it was thought that many inshore fish species migrated offshore into deeper
water during the winter months to avoid the coldest temperatures and associated risks.
However in light of the discovery by Sayer et al. 1994, that relatively large numbers
of these fish can be found within crevices and under rocks, in a state of quiescence,
during the winter, the main compensatory response to the increased predation risk is
likcly to be concealment. The effectiveness of this concealment is evident in the fact

that for so long it was believed that these animals had migrated offshorc

However all three of these fish species are slill predaled on during the winter by
otters, (chapter 4), so presumably any concealment is not complete, It is hikely that
there are only a limited number of available sites for concealment available, and so it
is poorer quality individuals that are vulnerable to predation by the otters, while the
better gquahty animals will have obtained good sites of concealment and therefore have

4 higher chance of survival.

With this hypothesis, we would expect that captlure times of these prey would be
reduced in the winter, because of reduced activity as already stated, but also because
the fish are of poorer stock. Conversely however, because we are examining overall
capture times, and cannot witness everything that happens during the otters dive cycle,

it may be thal once a prey item is found the capture time is shortened, but that the

otter has to increase ifs search time to detect such hidden prey.




One further finding of this work was that we detected no habituation in any of our

experimental animals, despite them being exposed to a fairly large number of stimuli.

There may be several reasons for this.

I. That the animals need to be exposed to a greater number of stimuli before any
habituation occurs

2. That the animals are stressed by the experimental conditions and therefore are less
likely to be pacified by habituation

3. That the unpredictable nature of the sublittoral habitat precludes the advantages of

habituation.

6.4.2. Oftter behaviour

1t is likely that otters hunt for food by touch, using their vibrissae, or whiskers, rather
than by sight. Green (1977) describes an experiment where removal of these vibrissae
greatly reduced an ofters ability to successfully hunt, and the fact that freshwater
feeding otters feed largely at night (Kruuk, 1995) also supports this. Kruuk (1995)
describes watching captive otters in a feeding tank turning their whiskers down and
forward to maximise the contact area with its surroundings. Otters also feed when
their prey are inactive or vulnerable (for example, Catss ef al. 1990, Beja 1995, Krunk

1995) choosing prey that rest demersally, particularly, in marine environments,

amongst weed (Kruuk and Moorhouse 1990).




An overall reduction in activity, as described by our experiments in this chapter,
would affect only the components of an activily cycle where the animal is active,
rather than those periods when it is naturally resting. Similarly the escape response of
an inactive animal is likely to be less than that of an active animal. Since the otter is
feeding on fish when they are inactive, it is likely that the level of overall activity,
when the animal is active, will have little influence on the catchability of the prey.
While decreased water temperatures also significantly reduced the escape response,
our experiments were catried out with active animals, giving no real indication of how
the animal would respond to disturbance when resting. Indeed it may be the
movement from a disturbed animal that is picked up by the foraging otters vibrisag, so
a reduced response may not necessarily increase the vulnerability of the prey.
Overall, however, the resulis suggest that the reason why, despite the reduction in
general activity and escape response of its prey species with depressed walter
temperatures, the behaviour of the otter in foraging for this prey is not significantly
affected is because of the otters habit of foraging for these prey when they are already

lnactive.

Implicit in this hypothesis however, is the relationship between the timing of the
otter’s feeding and the activity of the prey. Where the activity of the prey is reduced
by low temperatures, it is likely that any activity cycle will be altered, indeed
temperature dependant shifts in the activity cycle of fish have been described
elsewhere (Fraser ef al. 1993). The change in the behaviour of the fish species
predated on by the otter suggested by our data and the literature (particularly Sayer ez

al. 1994) is one of a collapse of the activity cycle into a continual state of quicscence.
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The implications of this on a predator such as the otter would be changes in the timing
of foraging, rather than on such variables as capture time. In such circumstances
foraging would no longer be restricted to distinct periods corresponding with the
activity of the prey, and may either follow a different pattern governed by exlernal
factors, or may break down all together. These possibilities will be examined in

chapter 7.

We can therefore draw the following conclusions from this part of our overall study:
1. That there is a decrease in activity in some of the important prey specics of the
otter in depressed water temperatures, and this reduction is also reflected in the

strength of the escape response, determined as both speed and acceleration.

™

Despite this there is no signilicant reduction in the capture times of these prey
items in low waler femperatures. This may be due to cither the fact that otters
predate on these species when they are inactive anyway, or that while there may be

faster capture Limes, the time 1o find the prey may be longer
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CHAPTER 7.

THE EFFECT OF TEMPERATURE-MEDIATED FLUCTUATIONS IN THE

BEHAVIOUR OF PREY ON THE ACTIVITY CYCLE OF THE OTTER,
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CHAPTER 7

7.1, INTRODUCTION

The partition of an animal’s time into an activity cycle, and the partitioning of the
cycle between different activities such as feeding, resting and breeding activities will
be dependent on a number of factors, such as prey movements and the threat of
predation. Since these factors can change seasonally, there may be resultant shifts in
activity patterns. For example, woodcock, Scolopax rusticola, feed during the night
m spring, but in the surmamer feed during the day (Hirons and Owens 1982). This is
due to a switch from pasture to woodland habitat driven by increase in grass length in

the pasture.

Similarly, the activity patterns of the Eurasian otter are thought to follow those of its
prey species in that they prefer to forage for prey when it is tnactive, and resting on
the bottom of the water column (Kruuk 1995). This explains the nocturnality of fresh
watcr foraging otters, and the diurnality of marine foragers. In freshwater, otter prey,
particularly salmonids, are largely active during the day, (Westin and Aneer 1987),
though this can change in lower water temperatures (Fraser et al. 1993), and there
may be resultant shifts in the otters foraging behaviour (Carss er al. 1990, Kruuk
1995). Some important marine prey types, such as eelpout and rockling, are nocturnal,
and probably because of this, marine foraging otters are diumal (Kruuk and

Moorhouse 1990, Watt 1991), though in Poriugal where the main prey, corkwing

wrasse, are diurnal, the coastal otters are nocturnal (Beja 1991).




Diurnal and nocturnal activity cycles can be further broken down into time of day or
night, and with coastal otters as with all marine life, the state of tide may also have a
role in determining activity patterns. In Shetland, Kruuk and Moorhouse (1990)
described seasonal shifts in coastal marine otters activity patterns. In the winter, there
was a single peak in otter activity before noon, in the summer there was a peak two or
three hours after dawn, and a second [esser peak in the early evening. There was,
however, no statistical evidence provided for this trend, neither was a possibie
explanation advanced. The same sludy examined patterns of tidal effects on foraging,
and described a statistically significant decrease in preference for foraging during
rising, falling, low and high tides, respectively. Interestingly, when the obscrvations
were partitioned into male and female otters, the males showed 4 stronger effect, and
for fenales the effect was no longer statistically significant. The authors also stated
that they believed that there was more activity at low tide, but that the otters were
harder to observe due to exposed weed. However they based this claim largely on
data from a single radio-collared otter, which was likely to be showing abnormal
behavioural patterns due to the attachment of the transmitter (Kruuk 1995). The tidal
effect was related again to the activity of the prey species, particularly eelpout and
rockling, which were most active during high tide, the time of least otter activity.
Unfortunately the study was not able to correct the tidal observations for time of day,
and the comparisons between tide statc werc made only in the summer (Kruuk pers.

comm.), so seasonal effects could not be examined.

These preferences for foraging during changing tides, and in the early moming and
evening, can be equated with the pattern of predator activity following prey behaviour

by the following hypothesis. Rather than choosing to prey on fish when they are




wholly inactive, that is during the day and at low tide, the otters prey upon them
during the interface from active to inactive, that is when they are emerging from, or
entering into, cover. It is possible that the prey are easier to catch when at the
entrance to cover, rather than when fully sheltered. Another possibility is that a
moving tide, as when incoming or outgoing, moves the kelp fronds in a single
direction, facilitating easier access through gaps between them. Such hypotheses are
unfortunately virtually untestable. However the less elaborate hypothesis, as initially
proposed by Kruuk and Moorhouse (1990), that otlers time their foraging to coincide
with trends in the activity patterns of their prey, remains testable. Much of Kruuk’s
work (see review in Kruuk, 1995) reinforces this idea, as does Beja’s (1991)
deseription of the nocturnal coastal feeding otters in Portugal feeding predominantly
on diurnal prey. A further implication, as described in chapter 6, is that if there were
fluctuations in thc behaviour of the prey, then the behaviour of the predator would
shift to meet these changes. Such fluctuations could be the changes in the behaviour
of fish associated with depressed water temperatures (for example Webb 1978, Fraser
et al. 1993). In chapter 6 we described a reduction in both overall activity and in the
escape response of some common otier prey specics with depressed water
temperatures, and Sayer ez al. (1994) described how many marine fish entered a state
of quiescence during low water temperatures. Effectively this state of torpor means
that the fish no longer have an activity cycle, they are inactive constantly. The
implication of this for a predator such as the otter is that there would no longer be any
requirement to follow the prey’s cycle. Foraging activity could then be dependent on
other, abiotic factors, or indeed none at all, in other words a constant level of activity
throughout the day. This could, in part, explain the seasonally fluctuating patterns of

the daily activity cycle of the Shetland otters as described by Kruuk and Moorhouse




(1990). From this we can hypothesise that where we may see variations is in the
timing of foraging, in that when the prey are constantly inactive there is no longer any
need to time foraging to coincide with the prey’s periods of inactivity. Kiuuk and
Moorhouse (1990) had suggested that these periods of foraging were at low tide and
early in the morning, but were unable to test this through a range of water
temperatures, We thercfore set out to test the hypothesis that temperature mediated
changes in the activity cycle of prey will be reflected by seasonal fluctuations in the

timing of foraging by otters.

To do so we attempted to answer the following questions by carrying out observations
throughout the tidal cycle and at different times of day in a singlc habitat:

1. Does tidal state and time of day affect the amount of otter foraging activity?

2. Does this change in relation to water temperature?

3. Can any changes theretore be related to the effects of water temperature on prey

activity?
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7.2, METHODS

Observations were carricd out for 15 months, from July 1995 to September 1996, of a
single area, the tidal rapids al the Taynish peninsula, a site wall used by foraging
otters {scc chapter 5), from a vantage point that afforded a complete view over the
area. These observations were made over four days each month., The four days were
split into two pairs of consecutive days, and in each pair watches were carried out so
that the total daylight hours were observed dwing them. The two pairs of days werc
arranged so that they were at opposite tide states. This meant that in every month,
observations were made during every possible combination of time of day and tide
state. All otter activity was recorded during this period. Also recorded were wind
speed, cloud cover, rainfall and overall visibility. Wind speed was measared using a
hand held anemometer, manufactured by “Dwyer Instruments Inc.”. Cloud cover were
expressed as 0 - 25%, 26 - 50 %, 51 - 75 %, and 76 - 100 %, rainfall and visibility
were ranked, none, light, medium or heavy, and poor, fair or good, respectively.
Although these measures are somewhat subjective, because the same observer always

scored them, they were consistent.

For analysis, the tide was split into four states, incoming, in, outgoing, and out, The
mid points of the in and out states were taken as the highest and lowest points, taken
from Admiralty tide tables, and each state lasted for slightly more than three hours,
varying according to lunar cycle. The mcan day length of cach month was partitioned
into three equal, concurrent segments, morning, midday and evening. All
observations therefore were during a known time of day and state of tide. Otter

foraging activity was measured as the total time that an otter was underwater during




observations of the particular combination of tide state and time of day. If two otters
were present detailed observations could not be made simultaneously on both.
Therefore, one otter was described in detail and a record of the others general
behaviour, that is in the water or on land, made. The time the second otter was in the
water was then assigned a value for actual underwater time from the mean proportion
of time that was speni underwater obtained from observations of otters at a similar
time of day and tide state, and time of year, In practice this only occurred five times.
The data were expressed as a proportion of the total time that observations were made
in that combination of conditions, in that month. This was arcsine transformed to

allow parametric statistical analysis.

The following analysis were then carried out:

1. Checking for weather effects

To climinate the possibility that activity was influenced either directly by the non-
aquatic weather, such as cloud rain and wind, or indirectly by affected the observer
ability to see the otters, the results were tested for variations in amount of foraging
activity recorded in different weather conditions. A Kruskall-Wallis one-way
ANOVA was applied to each of the ordinal weather variables, that is cloud cover,
rainfall and visibility, with otter foraging activity as the dependent variable, and a
Pearson’s product moment correlation coefficient caloulated for wind speed against
otter foraging activity. The non-parametric ANOVA was used with the ordinal data

sets due to heteroscedasticity caused by large differences in group size.
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2. Relationship between day length and foraging time

To eliminate the possibility that recorded foraging activity was simply a function of
day length, in that that was the time the animals were visible, the monthly amount of
foraging activity was tested for a correlation with day length, via a Spearman’s Rank

Correlation.

3. Effects of season, tide and time of day

To test for variations in the amount of otter foraging activity between tide states and
time of day, an ANOVA General Linear Model was designed, including month, tide
state and time of day as factors, with arcsine transformed foraging effort, as described
abave, as the dependent variable. The model tested for the effects of month, tide and

time of day, and interactions between month and tide, and month and time of day.
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7.3. RESULTS

7.3.1. Weather Effects

None of the weather variables had a significant effect on the amount of otter activity
observed, (Kruskall - Wallis one way ANOVA for rain, cloud cover and visibility,
Pearson’s corrclation cocfficient for wind speed, scc table 7.1. and figures 7.1 — 7.4.
for data amount of observation time under different rainfall and cloud cover
conditions.) While none of the observations were made under certain conditions,

since the data are based on proportion of observation time, this bias has been

corrected.

Vanable | D.E. /n ¥/t significance
Wind speed 174 -0.02 N.S.

Cloud cover 4 0.98 N.S.
Rainfall 3 1.97 N.S.
Visibility 2 4,93 N.S.

Table 7.1. The effects of weather variables on the amount of otter activity observed.
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7.3.2. Relationship between day length and activity
There was no significant relationship found between length of day and amount of

ofter activity, (Spearman’s rank correlation, d.f. = 10, non significant)

7.3.3. Effects of month tide and time of day

Dwring January 1996, complete observations of all tide statcs and time were not made
do to adverse weather conditions, and so this month was excluded from subsequent
analysis. The results of the ANOVA model examining the effects of month, state of
the tide and time of day on the amount of otter foraging occurring are surnmarised in
table 7.3.2. The state of the tide did not have a significant effect on foraging activity,

nor did it interact significantly with month, but both month and time of day were

significanl factors and there was a significant between them.



The changes in preference for different times of day in the different season are shown
in figure 7.5. In the summer and autumn, there is a preference for foraging in the
morning, followed by the evening, with the least foraging occurring in the midday. In
the spring, morning is the stili the most important foraging time, but midday is more
important than evening, and in the winter, the most foraging activity occurs in the

cvening, followed by midday, then the morning.

Factors & Interactions | D.F. F Sig.
Time of day 2,192 5.08 <{0.01
Tide state 3,192 0.61 N.S.
Month 10,192 2.97 < 0.01
Month*Time of day 20,192 2.08 <0.01
Month*Tide state 30,192 1.15 N.S.
Model 65,192 1.77 < 0,01

Table 7.2. Summary of the results of an ANQVA General Linear Model, testing the
effects of month, tide state and time of day on the proportion of observation time that
an otter was actively foraging.
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Figure 7.8. The relative occurrence of otter foraging at different times of day,
expressed as otter time, that is the mean proportion of the total observation time, with
standard errors, in different seasons.




7.4. ISCUSSION

In chapter 6 it was demonstrated that while there were reductions in both the activity
and the escape response of some otter prey with depressed water temperatures, there
was no change in the actual capture time of these species, despite it being likely that
they are easier to handle in colder water. This was considered as potentially being
due to the otter predating upon these species when they are inactive anyway, therefore
a dcerease in activity would not affect capturc times. From this we hypothesised that
where we may see variations is in the tiimng of foraging, in that when the prey are
constantly inactive there is no longer any need to time foraging to coincide with the
prey’s periods of inactivity. Kruuk and Moorhouse (1990) suggested that these
periods of foraging were at low tide and early in the morning, but were unable to test
this through a range of water temperatures. This observation regime was therefore
designed to test the above hypothesis by observing otter activity throughout the year
at all times of day and tide state at the same location. Since all observations were
from the same point, the regime was also allowed the testing of any climatic effects

on the amount of underwater time being recorded.

7.4.1. Limitations of the Data

In the study of foraging patterns of otters feeding in Shetland carried out by Kruuk

and Moorhouse (1990), they discussed some problems with their data that invalidated

the potential for carrying out the class of ANOV A models for analysis that we have
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used in this study. It would therefore be appropriate to discuss these limitations and

the manner in which we have sought (o overcome them in this design.

7.4.1.1. Independence of Observations

Kruuk and Moorhouse quantified otter activity as number of dives. Because their
observations were frequently of a long run of dives by the same otter, during a single
foraging bout, the observations were not always independent of each other,
invalidating a basic assumption of parametric stalistical analysis. Our data took the
form of total underwater time per observation period as a measure of foraging
activity, and therefore the independence or not of a run of dives was not in question,
allowing parametric analysis to proceed. [i is possible that there remains some non-
independence since it was often the same otiers observed throughout the study.
However since an overall proportion of activity was taken for each combination of

tide state, time of day and month, such an effect was minimised.

7.4.1.2. Quantification of Observation Effort

In the Shetland study, there were a number of “imponderable” variables, such as
weather, visibilily and particularly the shape of the coastline. These invalidated any
measure of ohservation effort needed to make valid comparisons between these areas.
Howevor, our obscrvations werc made from a single point by a single observer,
eliminating observer and topographical biases. By measuring climatic variables, and
overall visibility, and testing them for effects, we found that there were not any such
influences on the amount ol time underwater being recorded. In all this meant that we

could take observation effort simply as the time spent observing the arca for otters,

and proceed with analysis.




7.4.1.3. Small Sample Size

The Shetland study, like our own with around nine adults, was based around only a
limited number of individuals, and Kruuk and Moorhouse felt that this limited the
validity of possible analysis. While it is true that some of the trends described could
be due to idiosyncratic behaviours of the otters, there is no real means of overcoming
the problem when working with a rare and somewhat elusive spccies such as the otter.
Therefore the possihility of the low sample size influencing our results is something
that must be borne in mind when interpreting them. It does not however invalidate
them, and at their simplest they can be viewed as the trends in a small population of
otters. Extrapolation to the species as a whole should be done with caution, but still is
valid to some extent. While it would have been helpful to identify individual otters
and test for differences in their foraging patterns, in practice it was often very difficult
to identify an otter with the required degree of confidence. Otters on the Scottish west
coast do not have the same distinctive throat patches associated with Shetland and
many fircsh water populations, so individual identification is harder, particularly when

the animal is feeding.

One final limitation of our data and onc not discussed by Krnuk and Moorhouse, was
the possibility of two otters foraging at the same time, in the same area. As described
in the methods we assigned an estimated foraging time to the second otter to analyse
such situations. In practice this only occurred on five occasions, and on two of these
there was a second observer present to time the oiter. Using this method is therefore

unlikely to bias the data given the large numbers of observations that were made.
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7.4.2. Weather Effects

None of the measured climatic variables had a significanl effect on the amount of
otter foraging recorded. However when examined graphically, both rainfall and
visibility would be expected to have an effect, (figures 7.4. and 7.6. respectively).
The explanation for this can be seen in the figures (figures 7.5. and 7.7.) showing the
amount of actual observation time that was undcrtaken undcer these conditions. There
were very few observations carried out in either poor visibility or heavy rainfall, and
so it is likely that the results of the statistical tests were accurate. As such we can be
reasonably confident that the results we have obtained with regard to the other

variables such as the state of the tide and time of day arc not artefacts of the weather.

7.4.3. State of Tide

Our examination of how state of the tide influences the activity patterns of otters

produced no significant result, neither did it interact significantly with the time of

year. This is contrary to the finding of Kruuk and Moorhouse (1990) who did find
significant preferences for certain tidal states. There are several reasons why this
might be so;

1. Loch Sween has an exceptionally low tidal range due to the presence of an
amphidromic node adjacent to it in the sound of Jura. This is a point where two
tidal currents meet, and in Loch Sween the currents cancel each other out to a large
extent, reducing overall tidal fluctuation’s, Gibsen (1969) stated, as one would
expect intuitively, that for fish to show tidal mediated behavioural patterns they
must be exposed to relatively strong tidal changes. The fish in Loch Sween are not

exposed to such changes for the majority of the time, and therefore may not display




tidally mediated activily palterns, in which case neither would otters predating
upon them.

. The important prey species discussed by Kruuk and Moorhouse are rockling and
particularly eelpout, which while a common and important prey species in
Shetland seems almost entirely absent from Loch Sween (chapter2) which is at the
lower reaches of its range (Wheeler 1969). Many of the otters behavioural patterns
in Shetland are based around this species, as are Krouk’s observations and
hypothesises for coastal otters (see review in Kruuk 1995). In Loch Sween, a far
morc important prey species is the butterfish (chapter 4), though rockling are
seasonally important, and these are not subjecl {0 the same tidai behavioural
zeitgebers as the eclpout (Kruuk et al 1988, Koop 1950, Kruuk 1995). Again
where the prey species is unaffected by tide, we would largely expect the predator
to also be.

. Kruuk and Moorhouse, while observing more otters in outgoing and incoming
tides suggested that there was in fact more activity in lower tide states, but that the
otters were harder to see due to visible weed, though this was not quantifiable.
There is therefore the possibility that there was more otter activity at low tide at
Taynish but it was nol observed. As stated in 7.1., Kruuk and Moorhouse backed
up this statement by referring to radio-tracking data, which was largely based
around a single female fitied with a radio-harness. This female showed a number
of unusual bechaviours due to this apparatus being fitted, probably due to it
affecting the function of the pelt and the otter’s ability to groom (Kruuk 1995).
Beuring this in mind, this is not a convincing argiiment.

. The significant fluctnations in otter activity with tidal state reported by Kruuk and

Moorhouse (1990) were only significant for observations of males. The vast
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majority of our observations, where the animal could be sexed, were of females,

and as such our data does in fact malch that of Kruuk and Moorhouse.

The lack of an interaction between either tide state and month and tide state and time
of day can be explained simply as there being no preference for foraging at a given
tide state, and this lack of preference remains the case despite changes in season and

time of day.

7.4.4. Time of Day

While Kruuk and Moorhouse demonstrated graphically that otters showed a
preference for foraging at certain times of day, and that these preferences changed
with season, they presented no statistical evidence to. support it, because of problems
of quantifying obscrvational cffort and the independence of data (see 7.4.7.) Tn this
study we dealt with these problems, to some extent, and attempted to quantify otters
preference, or lack of it, for foraging at certain times of day. We¢ found significant
differences in the time of day when most foraging occutred and also found a
significant interaction between this and the month the observations were being made.
However the patiern was nol as would have been expected from our hypothesis. Qur
hypothesis predicted that there would be no difference in the relative amounts of otter
loraging between the different times of day during the winter months, due to the
quiescence of the fish at this time. However while the pattern was different from that
of the rest of year, where overall, in a manner similar to Xruuk and Moorhouse’s
Shetland observations, there was a peak in activity in the morning, then a lesser peak

in the carly cvening. However in winter there was not the levelling out we predicted,




rather a pattemn of preference for the later part of the day, then the middle, then the

morning.

A potential explanation of this winter pattern is that with the removal of the stimulus
of following the prcy’s activity cycle the otters can forage when it is most profitable
with respect to other variables. In any shallow body of water, throughout the day the
water will get warmer. The observed preference for feeding later in the day may
simply be because the water is warmer then, so heat loss is reduced. Unfortunately
we did not measure daily changes in water temperature, so we could not test this
hypothesis, however such changes are likely to be very small in Scotland in the
winter, so this explanation is unlikely. Such continual measurements would therefore

be recommended for any future studies.

It should also be pointed out we have based our hypothesis around the evidence of a
reduction in activity of three species of prey and cxtrapolated this onto other prey
species. In chapter 4 we demonstrated that gadoids were important prey during the
winter months, and not at other times of the year (see also Watt 1991 and 1995), and
we do not know directly how their behaviour is affected by water temperature. Sayer
et al. (1993) did find 5 - bearded rockling during their winter searches of crevices, but
this gives us no indication of activity. The rockling are caught more in fish traps in
the winter as well, but this could be taken as evidence of an increase or a decrease in
activity, or as changes in population size. Experimental evidence of the behaviours of
all the important prey species are required before any conclusions can be completely

justificd.
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Orne further possibility is that with the suggesled breakdown of the preys activity
cycle, otters feed not only during the day but also at night, so large shifts in behaviour

may have occurred but not been noted by our sampling method.

7.4.5. Conclusions

1. The state of the tide had no significant effect on the foraging behaviour of otters at
the Taynish peninsula. This is likely to be due to firstly that the tidal range is
small so the fish are unlikcly to demonstrate behavioural changes mediated by tide
that the otters could exploit. Secondly, the main prey species, the butterfish does
not show strong tidal behaviours. The time of day does affect otter foraging,
activity being highest in the morning most of the year. This is likely to be due to
the behavioural cycles of its prey.

2. The lack of influence of the tide does not change throughout the year. The effect
of time of day changes scasonally. In the winter otters prefer lo forage later in the

day. This effect may be linked with a state of torpor of the prey species in cold

water.,




CHAPTER 8.

THE EFFECT OF WATER TEMPERATURE ON THE FORAGING

PARAMETERS OF THE EURASIAN OTTER
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CHAPTER 8

8.1. INTRODUCTION

Divers are defined by Houston and Carbone (1992) as animals which “hunt for food
below the surface of the water and retum to the surface to breathe”. Such animals are
subject to a range of physiological constraints pceuliar to their mode of life and the
medium within which they forage, and a range of morphological and behaviour

adaptations have evolved to cope with these.

The term “central place forager” was introduced by Orians and Pearson (1979) to
describe an animal that returns regularly to the same place when foraging, for example
travelling between food patches. Houston and MacNamara (1985) pointed out that
this description could also apply to diving foragers, since they always return to the
surface. Following this definition, Kramer (1988) used this to apply the marginal
value theorem to divers. The marginal value theorem is one of the most widely used
optimal foraging models, and it describes a loading curve of diminishing retums to a
predator feeding in a patchy cnvironment, where the predator spends time travelling
between, and foraging within patches (Krebs and Kacelnik 1991). The model is used
to predict the optimal time to spend feeding in a patch, one of the determinants of
which is the tume it takes to travel to the patch. Kramer (1988) applied this approach
to describe the optimal foraging time for divers, using oxygen consumption as the
currency. In this model the loading curve was no longer used to describe rate of food

intake, rather it described the rate of replenishiment of oxygen stores in the post dive
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recovery period. Kramer identified three components of the dive cycle, surface time,
foraging time, and the time spent travelling between these, and said that the animal
would want to maximise the proportion of the cycle spent in the foraging patch. His
model predicted that as foraging time increased, so would surface time and total
underwater time. This model was formalised and extended by Houston and Carbone
(1992) to allow predictions about the time spent foraging and the average rate of
oxygen consumption underwater to be made. One key prediction of their model was
that the time spent in a foraging arca would {irst increase and then decrease as the

travel time from the surface to the foraging area and back again increases.

Unfortunately these models are limited in application by the assumption that the
animal has (0 have the ability to eat underwater. It is the basic prediction of Kramer
that an animal will maximise the proportion of time spent foraging that is not
applicable to predators feeding on single prey items on the surface, since foraging will
cease with the capture of prey. The models can however be successfully used to
describe the some aspects of the metabolic requirements of diving animals regardless
of where they eat their prey, (see for example Houston and MacNamara 1994).
Houston and Carbone (1992) recommend the use of a previous model dealing with

single prey loaders (Houston and MacNamara 1985), for situations where the forager

eats at the surface.

Subsequent to this, there have been a number of modifications to the basic model,
examining the optimality of diving behaviour in the context of, for example,

swimming speed (Thomson ef al. 1993), mixed metabolic pathways (Carbone et al.
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1996), and differential respiratory physiology (Walton ef /. 1998). However most of
these models have concentrated on the dive cycle, as defined by Kramer (1988),
despite the fact that this may not account for all the metabolic costs of diving. In a
number of mammalian and avian studies, the metabolic rate has been shown to be
elevated for over an hour after diving (de Leeuw, 1996), therefore the coniplete costs
of foraging are not being met during the dive cycle alone. De Leeuw (/8id)) made a
distinction between three types of diving cost:
1. the metabolic rate during submergence
2. the average metabolic rate during the dive cycle
3. the costs of diving as the cxcess over resting costs, including the whole period of
elevated metabolism due to diving.
He demonstrated that in tufted ducks, Aythya fuligula, all the metabolic costs of
diving were not included in the parameters of the dive cycle. Furthermore, his data
showed that while the metabolic rate during the dive cycle did not change with
fluctuations in water temperature, the overall diving costs did. This suggested that
during diving, energy is mainly used to overcome hydrodynamic forces, and the ex(ra
costs of being underwater particularly thermoregulatory costs, are paid off after
diving, Similarly, MacArthur (1984) had described a corrclation between the decline
in body temperature after diving and the post-dive excess oxygen consumption in

muskrats.

Such thermoregulatory costs to foraging underwater are a consequence of the high

heat carrying capacity of water, which is approximately 23 times that of air, (Schmidt-

Niclson 1983). The costs of foraging in relation to thermoregulation have been
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discussed for several species, for example tufted ducks (Bevan and Butler 1995),
Common and Thick-billed murres (Croll and McLaren 1993), and Minke whales,
Baleanoptera acutorostrata (Folkow and Blix 1992). Fluctuations 1n these costs in
relation to water temperature water have been examined in tufied ducks (de Leeuw
1996) as described above, as well as a number of other animals such as beavers,
Castor canadensis (MacArthur and Dyck 1990) and the Australian water rat,
Fydromys chyrogaster, (Dawson and Fanning 1981). Of these mammals, the former
showed a linear increase in its metabolic rate with a decrease in water temperalure,

whereas the latter showed little fluctuation.

For the Eurasian otter, a predator that obtains virtually all its food from the water, the
metaholic costs of foraging in cold water would be an important influence on foraging
behaviour. Metabolic rates, expressed as oxygen consumption, were measured in
captive otters by Kruuk ef @l (1994), and the results demonstrated a large negative
elfect of water temperature on metabolism. Therefore it would be expected that there
would be shifts in foraging behaviour during exposure to colder water temperatures to
compensate for this increased physiological demand. However field studies carried
out on otters foraging in fresh water in a range of temperatures showed no obvious
effects of water temperature on foraging behaviour (Kruuk ez al. 1997). However this
study only examined the parameters of foraging assoctated with the dive cycele, that is
underwater and surface time, as well as the overall length of boul. There was no
attempt made to measure the overaltl recovery period after such a bout. Following de
Leeuw (1996), we would expect there to be no direct correlation between these

parameters and water temperature, with the metabolic costs of thermoregulation being

177




met after the foraging behaviour was completed. Otters intersperse their foraging
with periods of time on land, during which they groom and rest (Nolet and Kiuuk
1989), and these are distinct from overall resting periods when the otter will
frequently retreat into a holt. The grooming is likely to be related in part to
maintaining the insulatory function of the pelt, particularly for otters foraging in the
sea. Similar grooming and preening behaviour associated with diving has been found
in murres (Croll and McLaren 1993), muskrat (MacArthur 1984), American mink,
Mustela visorn, (Stephenson et al. 1988) and sea otlers, Enhydra lutris, (Costa and
Kooyman 1982}. Such vigorous groonying may also serve as a form of non-shivering

thermogenesis, a means for the animal to raise its body temperature.

In the light of the insight by de Leeuw that the thermoreguiatory costs of diving are
met during the recovery period after a diving bout, which may involve grooming
behaviour, and the study by Kruuk ef al. (1994) demonstrating that otters suffer high
metabolic costs associated with foraging in low water temperatures, we can
hypothesise that such recovery periods would be longer after an otter forages in
depressed water temperatures. Using the data from Kruuk er al. (1997) obtained from
otters implanted intraperitoneally with heat sensitive radio transmitters, this prediction

was quantified mathematically in collaboration with Dr. G. Ruxton as follows.

We assume that otters altermate between foraging periods in the water where they lose
heat and periods on land where heat is recovered. We further assume that while the
otter is in the water its core temperature drops according to Newton'’s law of cooling,

as described by the equation below, where;
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7, = oller body temperature

0T, = the change in body temperature
t = time

&t = the changc in time

7, = water temperature.

o is a constant that controls the rate that heat is lost, the higher the value of o, the

faster heat is lost.

8T,

o= —olla-1,)

If the otter enters the water (t = 0) at temperature 7, = T,,, then we solve the equation
above to find the temperature at any subsequent time as below:

Tolt)= T, + (T — T, Jexp(- o)
Upon leaving the water the otters body temperature, 7}, rises according to a similar

equation, with a constant = f§ and 7}, = maximun body temperature:

0T, . )
%fxﬁ(z;—rﬂ)

If it leaves the water at temperature 75, , then the temperature at subsequent limes can

be found by solving the equation above to give:

Ly (z) =Ty + (Tuz - Ty )eXP(_ /8’)
If we pick the tempceratures 7 and T, at which the otlers enters and leaves the water
respectively, then we can rearrange the above to give the lengths of time that it spends

on land 7, , and in the water 7, :
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We can plot these equations as follows (figure 8.1.)

Temperature
-3
2

&

Figure 8.1. The modelled relationship between loss of body temperature (T,) in
water( T, )} and the compensatory gain on lond, (T, ), over time

We wish to tind the combination of 7, and T,, which optimises the fraction of time
that the otter spends in the watcer i.e. which maximises the relationship:

L
Ty + T,

Below we plot this fraction of time for the unique optimal pair of values of 1}, and
7, independently found for each of various different values of water temperature 7}, .
The other model parameters o and [} and T, were calculated from data presented by
Kok et al (1997), which were obtained from temperature sensitive radio
transmitters. 7,, was assigned the mean of the core body temperatures recorded,

38.1°C, and o and [} were determined from estimates of 7, and T, obtained from
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graphical data in Kauuk at al. (Jbid,) using the following formulae, derived from those

above:
1, (T —T,
Tw Ty~ Ty )
ﬁ . ____]_'. In[ IZW 1 Bl
L3 Y T T, B2/
. . Ty . .
Below, we demonstrate graphically how the optimal value of " varies with
Ty +7T,
wadler temperature:
0.96-
4 -’./ -
0.94- B ), .....
i /‘,/i
0.92- e
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?’—W k /!,,- i
_— 0.88—"_._;’!,__,..-4
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Figure 8.2. The optimum proportion of time allocated to recovery on land or foraging
in water at different water temperatures.

Therefore this simple model predicts that as water temperatures decrease, the otters
will spend proportionately more time on land. Further simulations show that this

result is robust against plausible changes in parameter values.

182




This model can be used to predict the amount of recovery time an otter will spend on
land relative to the length of the preceding foraging bout, at different water

temperatures.
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8.2, METHODS

Observations were made of otters feeding along the coast of the Taynish peninsula,
where a range of depths was available. Using a Psion 2 personal organiser, modified
with a data logging package written by Dr. M. Burns of Glasgow Univetsity, the
lengths of dives were recorded. A complete dive was scored as from the peint of
submersion of the head, to the point of the surfacing. Dives were recorded as either
successful or unsuccessful. Where possible the position of the otter in the water was
recorded onto maps using terrestrial markers as guides, and depth was obtained from
Admiralty depth sounding charts, corrected for tide state. A feeding bout was
recorded as the whole of a period that the otter was in the water, without coming onto
land, and success rate during that bout was measured as the proportion of dives that
were successful. If the olier came onfo land to eat, the boul was considered to be
terminated, however if it ate prey in the water it was not. When prey was captured, if
possible it was identified and an estimate of its size made by comparison with the
width of the otter’s head and assigned to a size class (see chapter 4 for more details).
Its weight was calculated from length mass equations obtained from the fish-trapping
regime and from Nolet and Kruuk (1989). For unidentified prey a mean value was
used for that size class. A mean rate of prey intakc was then calculated and this was
expressed as grams per hour, When it was possible to observe a complete foraging
bout, that is from the point of initiation, when an otter was clearly seen to be entering
the water and the subsequent period on land, without losing sight of the otter, the

length of time in the water and on land was recorded. This was only done for such




periods when the otter had not gone onto land to consume prey, as this would have
affected the actual recovery time on land. The temperature of the water was recorded
at two metres depth using a Salinity Conductance Temperature (S.C.T.) meter. Clark
(1987) described the temperature in temperate shallow water as being constant

throughout the water column, so this figure was assumed to be correct for all dives.

The following parameters were tested for the effect of water temperature upon them:

1. The mean depth of dives occurring at any water tempcrature.

2. Dive duration, for unsuccessful dives only, Fluctuations in successful dives have
been examined in chapter 6.

3. Inter-dive recovery period, for unsuccessful dives only, to eliminate any time
spent consuming prey, and only for dives that did not precede going onto land, so
as to eliminate travel time to land.

4. The ratio between surface recovery time and dive duration, subject to above
caveats,

5. The proportion of dives that were successful within each foraging bout

6. The rate of prey intake, in grams per hour

Ty
Ty +’£'L

7. 'I'he proportion , where 7, = lime in water, and 7, = time on land.

All these were analysed for fluctuations with water temperature. Parameters 1, 2 and 3
were analysed by means of a multivariate ANOV A model, with dive duration, surface
pause and arcsine transformed surface to dive ratio as dependent variables and watcr
temperature and depth as the covariants, 4 and 6 were analysed by non-linear

regression analysis, and 5 by Pearsons product moment correlation coefficient.
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8.3. RESULTS

A total of 5495 dives were recorded, of which 743 were successful and 4752 were
unsuccessful.  The mean duration of an unsuccessful dive was 16.25 scconds + 0.16
(% standard error) and that of successful dives was 15.14 seconds + 0.33. Figures 8.3.
and 8.4. show the distribution of successful and unsuccessful dives respectively. The

mean rate of food intake was 467 grams per hour (= 68)
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Figure 8.5. The relationship between dive time and the subsequent recovery period
Jor unsuccessful dives. Recovery time expressed as means to reduce data noise.
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The mean surface time following successful dives was 6.68 seconds + 0.007, and after
successful dives (where the otter did not take the prey on land, n = 690) 13.33 + 0.33.
The mean surface to dive ratio for successful dives (where prey was not taken on land)
was 1.47 = 0,008, and that for unsuccessful dives was 0.73 = 0.002, There was a
highly significant correlation between the dive time and recovery period (Pearson’s
product moment correlation coefficient, r = 0.35, n = 4752, p < 0.001). Figure 8.5,
shows this relationship between dive duration and subsequent recovery period. The

relationship is strongly linear up to dive durations of around 35 seconds.

Of the 2392 dives where the depth was known, both successful and unsuccessful, the
mean depth was 2.99m = 0,005 (x standard error). The maximum depth recorded was

at 18.75 metres, The distribution of dive depths is shown in figure 8.6.
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Figure 8.6. The occurrence of all dives at different depths

8.3.1. Effects of water temperature

(a)The dive parameters

The water temperatures recorded ranged [rom a minimum of 4.0°C to 16.5°C. Data
was analysed by non-lincar rcgression analysis and using a multivariate MANCOVA
model, with dive duration, surface recovery period and Arcsine transformed surface to

dive ratio as dependent variables, and water temperature and depth as covariants.
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There was a significant alternative cxponential relationship between water
temperature and the mean depth of dives. The relationship can be described by
the equation:

y=26.62.x - 3.06.x*+ 0.11.x7 - 63.63,

{non-linear regression, * = 0.79, df = 15, p < 0.001) see figure 8.7.
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Figure 8.7. The relationship between water temperature and the mean depth of
dives

There was no independent relationship between water temperature and dive
duration, p=0.174, but there was u significant relationship between dive duration
and depth, MANCOVA, adjusted r* = 0.178, p<0.001, , see figure 8.8.)

There were weak, but statistically significant relationships between both watcr
temperature (MANCOVA, adjusted r*> = 0.039, p<0.001) and depth (MANCOVA,
adjusted 2 = 0.179, p<0.001) with surface time, see figures 8.9. and 8.10.

There were very weak, but statistically significant relationships between the dive
to surface ratio with both water temperature (MANCOVA, adjusted r* = 0.023,
p<0.001) and depth (MANCOVA , adjusted r* = 0.008, p<0.001), see figure 8.11.

and 8.12.
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Figure 8.12. the relationship between
dive depth and surface pause to dive
ratio, for unsuccessful dives.

The relationship between water temperature and the mean rate of food intake can be

described by the equation:

y=0.01x +0.001x% + 0.01x* - 0.15

{(non-linear regression analysis, r* = 0.31, d.f. = 34, p < 0.01). Generally, as water

temperature rose, so did the rate of food intake., (see figure 8.13.). The relationship

between the proportion of dives that were successful in each bout and water

temperature was also positive, although this was a weak correlation, (Pearson’s

Product Moment Correlation Coefficient, with proportion of dives Arcsine

transformed, r = 0.23, n= 174, p <0.01), scc figure 8.14.
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Figure 8.14. The relationship between
the proportion of dives that are
successful and the water temperature.
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(c) Recovery period on land

Due to the difficulties of obtaining continuous ohservations of otters, without losing
sight of them even briefly, only 35 complete continuous bout and resting periods were
observed. There was a highly significant relationship between the proportion of the

foraging bout that took place in the water, and the water temperature, which is

described by the equation: .4 (1 = 0.48, d.f. =33, p < 0.001), see figure 8.15.

Ty + 7,
There is an overall decrease in the proportion of the activity that is spent in the water,

relative to the time recovering on land.
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Figure 8.15. The relationship between water temperature and the proportion of time
an ofter spends in the water.
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8.4. DISCUSSION

In this section we have examined the possible behavioural responses to the
physiological demand of foraging in cold watcr tcmperaturcs, Kruuk ef ol {1994)
demonsirated an elevated metabolic rate with decreased water temperatures, and we
cxamined a number of the parameters of foraging by otters to look for variation in

them related to these increased metabolic costs

9.4.1. The dive parameters

Observation of the duration of dives gave us a slightly lower value than other workers.
For example Kruuk and Hewson (1978) recorded mean dive durations of 23.1 seconds
at the Ardnish peninsula, near Arisaig on the west coast of Scotland, Conroy and
Jenkins (1986) recorded dives of 20.1 seconds in Shetland, Watt (1991) recorded 22.7
seconds on Mull, and Nolet ef al. recorded 23.3 seconds, again at Shetland. All of
these figures are lower than any estimates of the aerobic dive limit of otters, which

may be greater than 96 seconds (Kruuk 1995).

The linearity of the relationship between dive duration and the subsequent surface
recovery period is simtilar to that described by Nolet et al. (1993) and Kruuk et al.
(1997). While the relationship is strongly linear, the correlation breaks down above
40 second dives, see figure 8.5, with a seemingly random relationship from this point
upward, Nolet et al. (Ibid.) did not present their data graphically, but the same data is

displayed by Kruuk (1995), however only dives lasting less than 40 seconds arc
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shown, so the comparison cannot be made with our data, Kruuk ef al. (1997) also did
not display their data. The reason for the seeming randomness of the relationship
between the dive duration and recovery time of these longer dives may be caused by
observer crror. There exists the possibility that during observations of diving that a
surfacing, recovery and subsequent dive was not seen, and s0 what was recorded as a
single dive was in fact more than one, and therefore the recovery period was not a
reflection of the actual cost. However since there were relatively few longer dives,
(65 dives out of a total of 5495 werc rocorded that were over 50 seconds in duration),

we can be confident that this did not affect our analyses to any appreciable extent.

Nolet ef al. (1993) used their described linear relationship between underwater and
recovery time to conclude that the energelic costs per unit time underwater were
constant, regardless of activity, that is aciively foraging as opposed to travelling to the
foraging patch, or any other variables. However Houston and Carbone (1992)
modelled a situation where an approximately linear relationship between surface and
underwater time is created, despitc thc rclationship between surface time and
underwater oxygen consumption being non-linear, This situation was created as a
consequence of varying the travel titne, and thereby the proportion of underwater time
devoted to foraging, in order to maximise the proportion of time spent foraging. In

this light the conclusion by Nolet e a/. must be viewed as tentative.

Mean feeding snccess of the otters in this study, measured as the proportion of dives

that wete successful in obtaining prey, was lower than that described in Shetland.

While locally the homogeneity in success rates recorded has been striking, (Kruuk ef
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al. 1990), overall it is common to see large fluctuations related to season, depth, level
of exposure, and year. Success rates have been recorded as low as 12 per cent in the
sea (Kruuk and Moorhouse 1990), 7 per cent in freshwater (Conroy and Jenkins 1986)
and as high as 38 per cent in the sea (Nolet et al. 1993), This is consistent with
variations in success rales of other species of otter, such as Sea otters whose success
ratcs can vary between 35 and 90 pereent (Estes ef «f . 1981 and Ostficld 1982,
respectively) and Marine otters (Lutra felina) where variations between 38 and 16 per
cent have been recorded. Kruuk ez al. (1990) suggest that success rale is not a suitable
measure of prey catching effort, however in some situations it can be of use, see for

exampie Ostfield 1991, and chapter 9.

8.4.3, Fluctuations in the foraging parameters with water temperature

The first parameter of foraging exammed was the otters use of depth, and this was
seen to increase sigaificantly with waler temperalure. We shall deal with this

phenomenon at some length in chapter 9.

We cxamined two components of the dive cycle, underwater time and the subsequent
recovery time on the surface, and the ratio between them, in relation to water
temperature, and depth. Both of the variables had a positive linear relationship with
depth, but only the surface time had any relationship with water temperature. This
relationship though, despite its signficance is very weak (2 = 0.039), and the
significance of it is likely to be a function of the large sample size, rather than of any

genuine relationship. If this is the case then our data is in accord with Kruuk ez al.
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(1997), who while they demonstraled larger dive and rccovery times in colder water,
the relationships were weak and were explained as an effect of depth, (though this was
not recorded directly in their study), rather than one related to physiological costs.
This is consistent with our prediction that there would be little direct effect of water
temperature on these diving parameters. This prediction was made in the context of
the study by de Leeuw (1996), that suggested that the metabolic costs of
thermoregulation are met after the foraging bout, rather than during it. The
temperature of the water foraged in by coastal atters in Scotland is always going to be
lower than the body temperature of the animals themselves, (we recorded no sea
temperatures higher than 16.5°C) so there will always be a degree of heat loss to the
water. As such we would expect a otter Lo minimise its time in the water, whether the
waler 18 warm or cold, and so we would expect there to be little change in these
parameters, We did however predict that there would be longer recovery periods on

land, and this prediction will be dealt with subsequently.

The other measures of otter foraging behaviour showed significant relationships with
water temperature. Both the success rate of dives and the mass of prey caught per
minute increased in warmer water. [t is of course likely that these two measures were
linked. This result would not have been expected for two reasons

1. our data on fish behaviour and water temperature suggested that fish would be

casier to catch in cold water
2. The oiters catch larger prey in the winter
In chapters 6 and 7 we discussed how temperature mediated changes in prey

behaviour would influence predator behaviour, and concluded that it did not influence
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the dive durations needed to capture different prey types, rather it affected the timing
of foraging activity, and these results are consistent with that conclusion. That the
otters catch larger prey, particularly gadoids, (sce chapter 4) in winter does not mean
they have a greater food intake rate. With the success rate of dives lower it means that
while their prey is bigger, there is less of it. The increase in mass per minute food
intake is also consistent with our cstimates of prey availability, chapters 2 and 5,
where we demonstrated a higher available biomass in warmer water, Furthermore the
results conflirm that the traps give a genuine measure of prey abundance since they are
correlated with the actual rates of capture by otters, and reinforce the conclusion that
water temperature affecting the catchability of prey in the traps i1s not the main

determinant of the caiches we oblained.

These results also add further dimensions to the model described by Kruuk and Carss
(1996} which predicted that otters would have to spend more time foraging in colder
water temperatures to compensate for the increased metabolic costs. The model
assumed a constant intake of food in all temperatures. With the decrease in both the
success of dives, and the mass of prey taken per unit time described by our data, the
otters would need to further increase the time spent {oraging during the colder months
of the year. In chapter 7 we hypothesiscd that otters may forage during the night in
the winter. In the circumstances predicted by Kruuk and Carss model {1996) and
reinforced by our daila, where an otler is having to spend the larger part of its day
searching for food, it seems even more likely that foraging will occur during the night

as well as during the day.
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8.4.4. The recovery period on land

De Leeuw (1996) hypothesised frony a study of the diving behaviour of tufted ducks,
that during diving the main energetic costs are derived from overcoming
hydrodynamic forces, and the costs of thermoregunlation are met after the diving bout
is completed. We developed the implications of this hypothesis by describing a simple
model that examined the relationship between the water temperature in which an
animal is foraging, and the subsequent recovery period after a foraging bout. A linear
relationship was predicted between water temperature and the proportion of time an

animal spends actively foraging, as opposed to recovering on land.

The data collected from Taynish was analysed to examine the extent to which the

predictions of the model were met. While there was an overall decline in the

Ty
Ty +7;

proportion described by: , al lower temperalures, the relationship deviated

from linearity, as the proportion of time allocated to recovery increased (see figure
8.15). As such our overall prediction was met, that is that the metabolic costs of
thermoregulalion during foraging in water would be met after the foraging bout is
completed, and that this would be reflected in proportionately larger recovery periods
after bouts. However the data did not fit that of the model in that the relationship was
non-linear, falling sharply after the initial decrease. This may be due to one or both of
the following:

I. The model is a simplification of a complex situation. In particular we estimated

our constants, o and B from observalions made of a single individual ofter,
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therefore there may be errors both in the estimation and in the possibility that the

data itself is atypical.

. A key assumption of the model is that the constants, o and B arc indeed constant.
This assumption is likely to be contradicted in reality. These constants are in the
equations as a means of describing heat loss and gain over time, and in asswning
that they are constant we are assuming that the rate of heat loss and gain will aiso
be constant, under the influence of the other variables described. It is however
probable that other factors may influence the rate of heat loss. While there is no
direct evidence of the influcnce of such variables on rates of thermal change in the
otter, a large body of theoretical and empirical data exists that suggests such is the
case. For example Hind and Gurney (1996) have described a model which
incorporates heat loss by free and forced convection, as created by swim speed,
into its parameters and the model suggests a strong relationshii} between swimming
speed and thermoregulatory costs. This model could also be extended to the speed
at which the water a predator is foraging in travels due to tidal currents. The
temperature of the surrounding water may also have an effect on the rate of heat
loss. MacArthur (1984) has demonstrated this for aquatic muskrals and in the
model described here there may also be a similar effect on the rate that heat is
recovered on land, caused by the temperature of the air. Furthermore these effects
of water and air temperaturc would not be independent of each other. While the
model described here did not include such parameters, we can hypothesise to some
extent how changes in them would affect the overall predictions. If the rate of heat
loss from otters foraging in water is increased by depressed water temperatures, in

a manner similar to that described by MacArthur (1984) then we would predict the
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necessity of longer recovery period on land. Similarly when the air temperature,
which is likelv to be positively correlated with water temperature, is low, the rate
of recovery would be slower, so again we would predict longer recovery periods on

land, relative to the length of the preceding foraging bout.

Kruuk et af (1997) suggested that otters actively increase their body temperature
before a foraging bout, for example by vigorous activity, and then cease the bout
when their temperature falls below a certain level. Unfortunately due to the
difficulties of catching otters and implanting them with transmitters, their samplc
sizes were small and so their results were somewhat tentative. During data collection
for this study otters have been observed commencing foraging directly from rest,
which would not give them the opporfunity to raisc their lemperaturc, so this
hypothesis may not be true for all foraging bouts, if any., Moreover since the model
described in this study defines 7,as a maximum body temperature, were the

hypothesis of Kruuk ez af ({bid.) true it would not affect the predictions of the modcl.

In conclusion, overall, the data we coliccted from observations of otters foraging in

the wild were consistent with the predictions made from the model, that is,

1. Water temperature has no strong elfect on the individual components of the dive

cycle

2. Ofters spent a greater proportion of their time recovering on land when foraging in

colder water

We thercfore conclude that otters postpone the metabolic cosls of recovering from

heat loss during foraging uniil after the foraging bout is compicted.
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CHAPTER 9,

TEMPERATURE-MEDIATED FLUCTUATIONS IN THE USE OF DEPTH

BY FORAGING OTTERS
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CHAPTER 9

9.1. INTRODUCTION

Orians and Pearson (1979) introduced the term “central place forager” for animals that
regularly return to the same place with food. Diving animals can be considered to be
central place foragers since they always return to the same place, the surface,
(Houston and MacNamara 1985), and as such optimality analysis has been applied to
a number of diving foragers, particularly avian and pinniped. The role of depth in
influencing a varicty of the parameters of dive behaviour has been examined, and the
role it plays in the energetic costs and benefits of aguatic foraging discussed to some
degree for a number of specics. In general many animals do not dive as deep as they
are physiologically capable of (Burger 1991), and in particular the Eurasian otter has
been shown to forage alimost entirely in shallow water (Kruuk ef al. 1984, Krauk and
Moorhouse 1991, Notet er al. 1993, chapter 8) despite being capable of attaining
greater depths (Twelves 1983) and there being better quality food available at these
depths (Kruuk et al. 1984, Kruuk et «l. 1988). Nolet ef al. (1993) suggesied that this
was due to increased heat loss with depth, and presented data to support this.
However Houston and McNamara (1994) argued that other possible explanations
were not eliminated, particularly the optimal breathing model of Kramer (1988).
Although Houston and McNamara (1994} did not reject the heat loss hypothesis, they
criticised it for not making explicit predictions about how the pattern of diving

depends on depth.
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The tendency for otters to show a preference for foraging in relatively shallow water
was first described by Kruuk ef of. (1985) for otters feeding in coastal waters in
Shetland; 64% of the dives (n = 1008) observed in this study were of depths less than
three metres deep, and subsequent observations confirmed this (Kruuk and
Moorhouse 1990). Otters were observed diving as deep as 14m during this study
(Kruuk 1995) and an otter has been found in a lobster creel set at 15m depth (Twelves
1983). Also described by Kruuk ef al. (1985) was an increase in productivity, in
ternas of the mass of prey caught, in deeper water, and an increase in the success rate
of dives with depth. Tish trapping in the same area confirmed that there were larger
prey in deeper water (Kruuk et @/.1988). The occurrence of these deeper dives was

not tested in relation to any other variables.

Otters rely upon a layer of air trapped within their pelt for insulation against heat loss
(Tarasoff 1874}, and this thermo-insulatory function can be compromised by pollution
(in sea otters, Costa and Kooyman 1982) and also by the formation of salt crystals
alter foraging in salt water (Kruuk and Batharry 1990). Associated with the
maintenance of the pelts, otters spend large amounts of time grooming and the amount
of time spent grooming has been significantly correlated with the depth of foraging
prior to it (Nolet and Kruuk 1989). Many of these obscrvations however were of
radio-collared animals and the grooming and rolling behaviours seen are likely to

have been related, at least in part, to the presence of the transmitters (Kruuk 1995),

Following Boyle’s law, which states that volume of gas is inversely proportional to

pressure, depth will compromise the thermo-insulatory capacity of any trapped air
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layer, leading to increased heat loss. Thermo-insulation via a trapped air layer is also
common to virtually all diving birds (Wilson et a/. 1992) and birds have been shown
o compensate for the increased heat loss metabolically (Culik ef al. 1989) and via
muscular heat genesis (Paladino and King 1984). Vigorous grooming, such as
described by Nolet and Kruuk (1989) after deep dives, may act as non-shivering

thermogenesis, and compensate for the incrcased heat loss.

Depth is only onc of a number of factors that could affect heat loss. For example
McArthur {1984) described faster rates of heat loss in colder water temperaturcs in
muskrats (Ondatra zibethicus) implanted peritoneally and subcutaneously with
thermal radio-transmitters. Conversely Croll and McLaren (1993) found no change in
the thermal conductance of common (Urie aaige) and thick - billed murres (/.
lomvia) with waler temperature, although they assumed a constant body temperature
for their calculations, an assumption likely to be contradicted in reality (see for
example the fluctuations in otter body temperature described by Kruuk ef a/. 1994). It
would therefore seem probable that environmental factors, such as water temperature

could influence the occurrence of deeper water dives

Nolet et al. tested their heat loss hypothesis against data obtained in Shetland between
1983 and 1985, largely during the summer months, Observations in 1984 were of a
single otter which was radio-collared and this may have affected its use of depth when
foraging. Their data supported the hypothesis that ratc of heat loss influenced the use
of depths, in that they demonstrated a negative cotrelation between the duration of a

hunting bout with the weighted average of the maximum pressure encountered.
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During their observations measurements of water temperature were hot made, so any
influence it may have had upon heat loss and the occurrcnce of deeper dives was not
measured. However the tentative supporl given by their data to the hypothesis that
otters limit their foraging to shallow water in order to limit heat loss duc to the effect
of hydrostatic pressure on the insulatory air-layer in their pelt implies a further
hypothesis. That is, in warmer water temperatures, the otters would take advantage of
the reduced costs due to heal loss and forage in the more productive deeper water,

thereby maximising their rate of energy gain.

In this part of the study, we therefore set out to examine the factors influencing the

otters use of depth. To do so, we;

1. examined thc potential benelits of foraging at greater depths, in relation to
available biomass and the success of dives

2, examined the potential costs of foraging at greater depth, that is in terms of length
of dives and prey handling time, and whether the rate of heat loss is greater at
increased depth

3. tested the prediction that if heat loss limits the otters use of depth then in higher
water temperatures they will dive deeper

4. constructed a post-hoc optimality model to account for these features.
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9.2. METHODS

We set out to test the optimality of foraging at different depths by otters, and so we
firstly examined the benefits of feeding in different depths, then the costs, and finally
we examined what relationship there was, if any, beiween water temperature and the

depth of otter dives

9.2.1. Bencfits of Foraging in Deeper Water

1. Prey availability

In order to determine the relative availability of prey species at different depths we set
double-funnelled creels, as described in chapter 2, (see also Kruuk et al. 1988). The
traps were placed in a straight line going out from a point on the Loch Sween side of
the Taynish peninsula. Two traps were placed at each of the following depths, 2m,
4m, 6m, 8m and 10m. Depths were measured with a plumb line from a boat, at low
tide. The traps were emptied and checked every 24 hours, and all the contents were
weighed to the nearest 0.1 grams and the length from tail fork to the end of the head
measured to the nearest mm. Crab length was measured as the widest part of the
carapace. This was carried out for 5 days in July 1996. Due to adverse weather
conditions it was only possible to do this during the summer.

Available biomass was measured as the weight of the food available to the otter. For
the piscine prey, available was taken as being the whole fish, while for the crustacean
prey, this was only the carapace flesh, which is the only part of a crustacean that an

otter will eat, (Watt 1991).
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2. Dive behaviour

Observations were made of ofters feeding along the Loch Sween side of the Taynish
peninsula, where a range of depths was available. Using a Psion 2 organiser, the
lengths of dives were recorded. A complete dive was scored as from the point of
submersion of the head, to the point of the emersion. Dives were recorded as either
successful or unsuccessful, and whenever possible prey was identified, and an
estimate of its size made, using the width of the otters head as a guide. For crustacean
prey, which was eaten on the land, an exact measure of size was made by the recovery
and measurement of the carapace, which was discarded by the otter after removal of
the crab flesh. The position of the otter in the water was recorded onto maps using
terrestrial markers as guides, and depth was obtained from Admiralty depth sounding
charts, corrected for state of tide. A feeding bout was taken as the whole of a period
that the otter was in the water, without coming on to land, and success rate during that
bout was measured as the proportion of dives that were successful. The success rates
of bouts were examined with respect to the mean dive depth of the bout to identify

any relationship between them.

9.2.2. Costs of Foraging in Deeper Water

1. Dive paramelers

From the observations described above, the durations of both successful and
unsuccessful dives were correlated with the depth in which they occurred by non-

lincar regression analysis, and the slopes of the two lines were compared.
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2. Prey capture costs

Handling time of prey items was measured as the time from the beginning of the
successful dive to the moment when the prey item was completely consumed, and
these were compared to each other hy means of a Kruskall-Wallis one -way ANOVA.

This non-parameltric test was used duc to heteroscedasticity of the groups

3. Heat loss

To asscss the rate of heat loss from an otter four “artificial otters” were constructed,
The pelt from an otter that had died in a road accident was removed, and this was used
to line the exterior of four tins of length 15cm and diameter 8cm. The pelt was
attached to the metal by “Superglue” and any seams were sewn using 0.69mm-
diameter “Prolene” monofilament suture thread. The lid of the tin was pierced and a
thermal probe inserted, attached by a length of wire to a digital thermometer, then the
lid was lined with a thermo-insulator. The four fur-covered tins were attached to a
dexian metal frame.

During experiments the tins were filled with boiling water and the lids sealed on. The
frame was then put into water of fixed depths of 2m, 4m, 6m, 8m and 10m. For each
depth, and for each tin, the temperature of the water inside the tin was measured every
five seconds. The rate of heat loss was subsequently recorded as the no, of seconds it
took for the temperature of the water to drop from 38° to 28°C.

The experiment was carried out twice, to prevent decay of the skins, once in
freshwater at Loch Lomond, and once in salt water at Hunterston quay, on the firth of
Clyde. Both times the experiment was catried out on still days to minimise water

currents, and at Hunterston the experiment was carried out at slack tide.
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The data was analysed in the form of an ANOVA general linear model. The
dependent variable was rate of heat loss, as above, the covariant was depth, and the
factors were tin, that is the tin in which the recordings were made, and type of water,

that is fresh or salt.

9.2.3. Water Temperature and the Use of Depth

During the observations of otters described above the temperature of the watcr at 2m
was measured using a Conductivity Salinity and Temperature (S,C.T.) meter, Clark
(1987) described the temperature in temperate shallow watcr as being constant
throughout the water column, so this figure was assumed to be correct for all dives.
The temperature was measured afier the observations had taken place to avoid any
disturbance. The mean depth of dives occurring at each temperature was calculated
and this was examined in relation to temperature, using non-lincar regression analysis.
Since otters feed on demersal prey (for example Kruuk 1995} it was assumed that they
always dived to the bottom of the water column. This and all the above statistics were

carried out using SPSS 7. statistical computing package.

9.2.4. Post-Hoc Optimality Model

In order to explain any relationship observed between water temperature and the use
of depth in otters, in 9.2.3. we combined the data from the costs and benefits of
foraging in the form of a post-hoc model, describing the optimal depth in which an

otter should forage throughout a range of water temperatures.
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9.3. RESULTS

9.3.1. Benefits

9.3.1.1. Prey availability.

Figure 9.1. shows the proportion of the catch of the important otter prey items caught
in the traps over the 5 days. The majority of prey were caught in water under 5m
depth. However of note is the numbers of edible crabs in increasingly deeper water.
If this data is described in terms of relative biomass available, in grams, (see methods)

there is a marked increase in available biomass above six metres in depth., (figure

9.2).
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Figure 9.1. The proportion of the catch of some important oiter prey species that
were oblained at different depths
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Figure 9.2. The total available biomass, as determined by trapping, at different
depths
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9.3.1.2.Dive success
The proportion of dives that were successful at different depths is positively correlated
with depth, (Figure 9.3.) and this relationship was highly significant, (Spearmans rank
correlation coelficient, n = 30, r = 0.60, p < 0.001). That is the deeper the dive was,

the greater the probability that it would be successful.

9.3.3. Costs

9.3.3.1. Dive duration

Both the mean duration of successful dives and unsuccecssful dives had highly
significant relationships with depth, but these relationships were different, (figure 9.4.
and 9.5.). The relationship belween the length of unsuccessful dives corresponded to
the equation:

y=10.98 x "%
(2 =10.67, p < 0.001), while that of successful dives corresponded to:
y=778+0.88x-0.01 x°,

(%= 0.58, p < 0.001). The unsuccessful curve increases initially but levels off, so the
dive times increase sharply with depth, but begin lo level off at a depth of roughly
10m. Successful dives also initially increase with depth then level out, but then they
begin to decrease with depth, although this decrease is only caused by one popint on

the graph.
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Figure 9.4. The relationship between the mean duration of unsuccessful dives and
depth
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Figure 9.5. The relationship between the mean duration of successful dives and depth.
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9.3.3.2. Prey capture

When the handling time of the ninec most important prey types was examined, that is
the time from initiating the capture dive until the prey is completely eaten, there were
highly significant differences between the eight most important prey types, (Kruskall-
Wallis one-way ANOVA, 2= 2747, df =7, p < 0.001). As shown in figurc 9.6. the
largest handling time was associated with crustacean prey, Crustacean prey, which
was almost ontircly cdible crabs, were always taken onto land to be caten, (see also
Watt 1991 and Krouk 1995), and so this increased handling time greatly, and the prey
type with the second largest handling time, sea-scorpions, were also always eaten on
land. On the whole, if we compare these data with those from chapter 4 of prey
depths, and the data above, the prey with the longest handling times werc on the
whole those that were captured at the greatest depth, suggesting another cost of
foraging in dceper water,

1804

Sop gy *%:9\ B W %
3 {/(%& &%%Q%% %, %é
Prey species

Figure 9.6. The mean capture times, + standard evrors, of the prey species of otters.
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9.3.3.3. Heat loss

The results of the ANOVA general linear model examining the effects of depth on
rate of heat loss are summarised in table 9.2. There was a very significant positive
correlation hetween water depth and rate of heat loss, (figure 9.7.) and the type of
water, (salt or fresh) and the mdividual tin being used did not have an cffect, neither

were there any significant interaction terms.

Factor / covariant d.f. F Sig.
Depth 1,30 12.45 <0.01
Skin 2,30 1.69 N.S.
Water 1,30 5.74 N.S.
Skin*depth interaction 2,30 0.69 N.S.
Water*depth interacion 1,30 0.412 N.S.

Table 9.2. Results of the ANOVA general linear model examining the influence of the
rate of heat loss from three vessels covered in otter fur, in both sea water and fresh
water.
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Figure 9.7, The rate of heat loss in relation to depth
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9.3.4. Use of Depth in Relation to Water Temperature

There was a highly significant positive relationship between mean dive depth and

water temperature, which can be described by the equation:

(= 0.79, df = 15, p < 0.001). This relationship is shown in figure 9.7.

y=26.62x~3.06x"+0.11.x°-63.63,

‘The

relationship increases sharply from zcro, stays level from 6°C to 12°C and then riscs

rapidly.

Figure 9.8. The relationship berween depth and the mean depth of otter dives.
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Energy

92.4. OPTIMALITY MODEL

Examination of an animals decision where and when to forage can be approached
from simple Darwinian logic, that selection will favour a phenotype that minimises
energetic costs, and maximises epergelic gains, (Krebs and Kaclnik, 1991).
Optimality models allow us to examine such energetic decisions, and from this to
cxplain or predict an animals behaviour. Here we have constructed an optimality

model to explain the foraging behaviour of otters in relation to depth.

If we examine the data obtamned from fish trapping at various depth and plot it as a
graph of available energy against depth, assuming a starting point of zero, we can

express the relationship between energetic gains and depth as shown in figure 9.9,

Depth

Figure 9.9. Modelled relationship hetween available biomass, expressed as energy, and depth.
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This graph shows that from the initial stating point of zero available biomass al a
depth of Om, that is, on land, there is an initial sharp increase in bromass in shallow
water. As dcmonstrated by the trapping experiment, the available biomass then is
constant for a range of depth, until around cight metres, when edible crabs become
available, and so the available biomass increases sharply (see also figure 9.2) and then

levels off again.

From the data of heat loss, as well as dive duration and prey handling times, we can
reasonably assume that the costs in terms of energetic loss steadily increasc with
depth. Increases in water temperature will decrease these costs of foraging, though
the starting point of the relationship at zero depth, that is, when the animal is out of

the water, will be the same. We can picture this graphically as shown in figure 9.10.

Energy

T terng

e e = Frgidy teang

......

Denth

Figure 9.10. The modelled relationship between the costs of foraging and depth, at two hypothetical
water temperalures
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This graph demonstrates that difference in energetic costs of an otter foraging between
two water temperatures. At zero depth it is assumed that the only energetic costs are
thosc required to maintain the basal metabolic rate, and that these will be the same
irrespective of water temperature. Once in water the energelic costs will increase
linearly with the depth of water foraged in, duc to increased heat loss due in part to the
effect of pressure on the insulating air layer of the pelt, and also to greater exposure to
the water, hence longer periods of heat loss, because of increased dive times. The
difference between the rate of heat loss and hence the energetic costs of foraging will

increase as the depth of foraging increases.

Finally, we can combine the two graphs, as shown in Figure 9.11. This figure shows
that at low water temperature the optimal dive depth for an otter to forage will be
shallow, but as the temperature increases there will be a switch and it will become
more profitable to dive at greater depth. This depth will then remain the optimal
depth as the temperature increases, so most foraging wiil occur at this depth. From
the model we therefore would predict that at low water temperatures most otter
activity will occur in shallow water, and this remains the same as temperature
increases, until at a given point at which the otters will switch to deeper water and
concentrate most foraging at that depth. This will then remain the most commmonly

used depth as water temperature increases.
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Figure 9.11. Completed modelled relutionship describing the costs and benefits of foraging at
different depths. The currency used is energy. The vertical lines represent the maximum net energy
gain at the two temperatures; 1. Low temperature, 2. High temperature,

These predictions fit the data from the observations of the use of depth in relation to
water temperature reasonably well; the use of depth increases then levels out until
warmer water temperatures when it rises sharply. 1t is only in the final levelling out

of the model that the observed data does not fit.
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9.5. DISCUSSION

The overall aim of this scction was to account for the observation that otters forage in
relatively shallow water despite there being better prey in the deeper water in which
they are physiologically capable of diving. Following Nolet ef a/. (1993} we sel vul (o
test whether heat loss was a key determinant of this behaviour, and then to try and
understand the manner in which this relationship worked by providing a basic model.
To do so firstly it was necessary for us to confirm that the results from Shetland, from
which these ideas were developed, matched the siluation at Taynish. These results
were that ofters foraged chiefly in shallow water, that there was better prey in deeper
water, that dive durations were longer in deeper water and that otters foraged with a
higher success rate in deeper water. Secondly we experimentally determined whether
the hypothesis that otters would lose heat faster in deeper water, due to the effect of
increased pressure compromising the thermo-insulatory function of the pelt by
compression of the air layer, was true. Thirdly we tested the hypothesis that depth of
foraging in otters was limited by lheat loss, by assuming that if it were true then otters
would forage deeper in warmer water, by field observations. Finally we attempted to
explain the observations of foraging, by means of an optimality model. Each of these

aspects of this study will now be discussed.

9.5.1 The Use of Depths

As described in chapter 8, in common with the results of other workers, we found that

otters tended (o forage in shallow water. What is immediately interesting about the
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relationship however is that there are a number of deeper dives, and it was the point of
this chapter to determine why this is so. It is also worth re-examining the methods
from which we obtained this data, to eliminate any potential sources of error. Firstly,
we assumed that otlers always dive to the bottom. This assumption is borne out by
the choice of prey that otters eat, and our results in chapter 4, have confirmed those of
every other worker, (see reviews in Mason And Macdonald 1986, and Kruuk 1995)
that otters feed almost cntircly on bottom dwelling prey. From this knowledge that
otters are diving to the bottom, by accurately pinpointing the position of a foraging
otter on the map, and correcting for tide states, we were able to quantify with a high
degree of accuracy the depth that an otter was diving to. Therefore it is likely that

there are only minimal errors in our dive depth data.

9.5.2. Prey Availability

We have already discussed at some length in chapter 2 some of the possible problems
with the use of stationary traps to assess prey populations, and concluded that overall
they gave a reasonably accurate picture of overall abundance. The resulls of chapler
5, which demonstrated that to a large extent otters followed the trends in overall
biomass that were described by these traps, further confirmed their value as a means

of gaining a snapshot of overall prey availability to a foraging olter.

A koy trend that the placing of these traps at different depths demonstrated was the
occurrence of edible crabs in deeper water, Our analysis of the meat within these

crabs showed that they were an excellent food source, despite the longer handling
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time associated with them. Crustaceans have previously been thought of as a poor
prey item (for example Watt 1991 and 1993), and eaten largely in times of poor food
conditions or during the development of hunting behaviour in young otters (Zhid.).
However such observations were of shore and velvet crabs, which have very low food
values and long handling times (Watt 1991). These are also found in shallower water
than edible crabs (Matheson and Berry 1997). While edible crabs also have long
handling times, a large period of this is on land, and this may not entirely be an
energetic cost, since heat will be no longer lost at the same rate. It may, therefore, be

an opportunity for the otter to recover some of the heat lost whilst in the water.

The relationship between available biomass and depth was not a linear one. There is
an initial period, up to about 6m were the availahle hiomass is level. TTowever after
this, with the occurrence of edible crabs, there is a sharp increase. [t also should be
pointed out that there may have been more cdible crabs available, but they tended to
block the entrance to the traps being unable to get through fully. While fish would
have been able to get past no other edible crab would. Furthermore, the trap catches
in the deeper water, 8 and 10 m, were usually one crab per trap per night, suggesting
that this was only a small amount of the available prey but that others simply could

not enter the traps.

It has been assumed, however, that this relationship will be the same in all water

temperatures, and therefore it does not take into account any season migrations of

prey species, although the evidence for such migrations has been called into question
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(Sayer et al. 1994). A trap regime throughout the year would be required to fully test

this assumption.

Overall therefore we have confirmed the findings of the Shetland study, that there is
an increase in biomass with depth, but we have also been able to go further and
demonstrate the shapce of that relationship, which reinforces the question, why are the

otters not feeding in deeper water.

9,5.3 Dive Success

Again in agreement with the findings from Shetland, the deeper a dive was, the
greater were its chances of success. If we consider dive success as a measure of prey
encounter rate, this would suggest to us that the prey is more abundant, or easier to
catch in deeper water.  Fluctuations in success rate have been related to switches in
diet in the sea otter, Ankydra lutris, (Estes et al. 1981), associated switch was from
veriebrate to invertebrate prey, with higher success rates for the latler. Our above
description (9.4.2) of a decrease in piscine prey and increase in crustacean prey with

depth, could therefore result in the observed increase in diving success.

While Kruuk et al. (1990) advise caution in using diving success as a measure of
individual ability or habitat quality, basing their assertion on the homogeneity of
success rates among otters obscrved foraging in different habifats in Shetland.
However other studies, (see review in Ostfield 1991) have usefully used comparisons

of diving success to determine information on prey type, dietary switching and prey
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community organisation. Qur data demonstratcs very significant differences in
success rate with depth, and we also see a switch in diet that was not seen in Shetland,
thercfore there is no reason to view the increase in success rate as anything other than

a benetit of feeding at greater depth.

9.5.4. Dive Durations

It is not sutprising to note an overall increase in dive time with depth, since the travel
time to get to the bottom will be longer. A similar pattern has been found in foraging
otters elsewhere, (for example Nolet ef @f. 1993) and is also commonly found in
diving birds, (for example Wanless ef @l. 1993, Carbone et af. 1996). Such increased
dive durations may be associated with greater foraging time (for example Wilson and
Wilson 1988) or decreased foraging time (for example Wanless et al. 1993). Of
particular interest in our data are the differences between successful and unsuccessfl
dives. On the whole successful dives are shorter than unsuccessful dives, suggesting
that otters capturing a prey will surface immediately, if not they will continue
foraging for longer and then terminate the dive. The differences between dives are not
related just to depth but the shape of the relationship between dive duration and depth
is different. The duration of unsuccessful dives increases with depth and then begins
to level out, in a power function, suggesting that a limit, such as an aerobic limit
(although most dives much shorter than estimates of aerobic dive limits), has been
reached. This is consistent with predictions from Houston and MacNamara (1994),
provided that we assume that travel time increases with depth. As such, as depth and

therefore travel times increase it would be necessary to decrease the actual foraging
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time. The relationship between depth and foraging time is polynomial; that is after an
initial increase then levelling out the times begin to drop again, suggesting that prey in
deeper water are in fact easier to catch. This idea fits with the concept of a prey
switch, from fishes to crabs, which are easier to catch (Watt 1993). A possible
implication from this would be that medium length dives are the least profitable,
rather than shallow or deep ones. Nonetheless unsuccessful dives will be decreasingly
efficient with depth because of the reduced foraging times and the increased costs. 11
would, however, be wrong to attach too much importance to the decline in this curve,
as it is caused by only one data point. However the data used were means, and so the

curve is likely fo be evidence of a genuine trend.

9.5.5. Prey handling times

There were very significant differences in the handiing times of the different prey
items with by far the longest time being for crustaceans. Otters will always climb
onto land to eat crustaceans, and it is this, along with the transit time of getting to and
from land, that makes their consumption so time consuming. However, as stated
above, 1t is not necessarily correct that this period on land is a cost. In chapter 8 we
showed that there was a longer recovery time on land associated both with feeding in
colder water and feeding at depth, As such, eating prey on land while costly in terms
of time, is not necessarily so in terms of energetics, since heat is not lost as rapidly,
and presumably the body begins rcturning to its resting body temperaturc and

metabolic state.
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90.5.6. Hewt loss

Qur experiments on differential rates of heat loss through the pelt in different water
depth were to a large extent preliminary, and a more detailed study would be required,
with a number of variables accounted for, in order to accurately determine the precise
relationship between heat loss and depth. On the other hand our resulis are in
agreement with one of the basic tenets of physics, Boyle’s Law, and we can therefore
say with some confidence that there is an increase in the rate of heat loss with depth.

However what we cannot do is put this in the context of other variables that affect will

heat loss without carrying out more detailed experiments. Such variables include

1. the temperature of the surrounding water, which has been shown to both have an
effect on rate of heat loss (for example MacArthur (1984} described increased rates
of heat loss in muskrats with depressed water temperatures) and to have no effect
(for example Croll and McLaren (1993} describing themmal conductivity of the
pelage of murres)

2. the speed of the water current and the swimming speed of the animal will have a
positive relationship with heat loss due fo an increase in the rate of foreed
convection, (Hind and Gurmey 1996).

3. the salinity, and levels of other solutes, of the surrounding water with affect heat

loss due (o an increase in thermal conductivity with inercased solutes.

Finally some discussion should be given to the relationship between ihe air layer and

buoyancy. While the air layer in the otters pelt confers a thermo-insulatory benefit,
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therc is also a cost in terms of an increase in buoyancy (Wilson et al. 1992).
Stephenson ez af (1989) demonstrated that buoyancy is the most important force to be
overcomc by diving ducks, (the lesser scaup, Aythya affinis). While diving at depth
will compromise the thermo-insulatory function of the pelt, it will also decrease the
buoyancy by the same mechanism, the compression of the air layer, (Wilson et al,
1992), hence actually conferring an energetic benefit to the diver. To further
complicate this relationship, during a dive air escapes from the otters pelt, and is
visible as a stream of bubbles (Kruuk 1995, pers. obs.). Therefore the inleracting
relationship between heat loss, buoyancy and depth has a further variable to consider,
time, with the effect of heat loss increasing with time and that of buoyancy

decreasing.

9.5.7. The Use of Depth

From the Nolet ef ol. (1994) hypothcsis that increased heal loss prevented otiers from
foraging at greater depth, we predicted that in warmer waters, otters would forage
deeper. Our data confirmed the prediction, but the relationship was more complicated
than a simple linear one, and could be summed up by the formula:
y=26.62.x~-3.06x*+0.11x’-63.63

This curve showed an initial increase, then a levelling out, and then a sharp increase
again. In others words at very low water temperalures, under 4°C, otters are [oraging
in very shallow water, though in the water at Taynish the temperature never fell below
this level, so this is purcly hypothctical. The mean foraging depth remains at a fairly

constant lcvel through a range of water temperatures and then rises again sharply at
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the upper range of the temperatures we encountered, above about 14°C. This pattern

is consistent with the other data we obtained, and to explain this we must first make

rclerence to our model.

2.5.8 Optimality Model

In the model two general assumptions were made, and these should be dealt with m

furn.

1. That the benefits of foraging at greater depth were accurately represented by
figure 9.6. While the data we obtained from fish trapping gave a result that
matched this figure, our trapping was only carried out during the summer, and
so we have no evidence that this is the same pattern throughout the year. The
pattern could change in several ways. Migration of prey species could occur,
and hence change the overall pattern, for example by moving inshore in the
winter. This does occur with gadoids, though these specios were not included
in our data. Other authors have said that there may be better food in deeper
water in the winter, but this was said before the pattern of a winter retreat into
crevices was deseribed by Sayer ef al. (1994), and it was thought that many
prey species migrated offshore in the winter, A further change may occur if
there are physiological changes to the prey species, such as those due to
breeding or starvation. The only way to climinate thesc potential sources of
crror from our data would be to carry out a complete trapping programme

through a range of water temperatures
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2. That there is a linear relationship between costs of foraging and depth. We
have followed the hypothesis that the main cost to foraging otters is the
metabolic costs due to loss of heat. Kruuk et al. (1994) examined the
metabolic costs, as determined by oxygen consumption, of otters in different
water temperatures, and described a linear relationship, and sitmilar

| relationships have been shown in other species, (for example the beaver,
MacArthur and Dyck 1990). The rate of heat loss we measured in the
experiments with otter pelts also showed a linear relationship between heat
loss and depth. Taken together these strongly suggest that we are correct in
this assumption.

If the assumptions arc rcasonablc we must cxamince why the predictions of the model

do not entirely fit the data. It is only in the final flattening of the model curve, at the

highest temperatures, that the observed data do not fit. It is likely therefore, that the
reason why the fit is incomplete is that we were not able to record the full range of
temperatures needed, simply because the temperatures in Scottish waters do not get
warm enough. We can therefore predict that if otters were foraging in warmer waters,
and that such waters had a similar distribution of available biomass, that there would
be an oplimal depth rcached, as in the model, and the otter would not forage deeper

than this.
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FINAL DISCUSSION AND CONCLUSIONS
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CHAPTER 10

FINAL DISCUSSION AND CONCLUSIONS

Fluctuations in environmental variables will, to a large extent, define the parameters
of foraging behaviour. Such external variables can be considered as components of
the animals state (Houston 1993) and the fluctuations in these variables result in a
relationship between the animals state and it’s behaviour (Mangel and Clark 1988).
This relationship will manifest itself by shifts in what can be perceived as the optimal
behaviour, as environmental conditions fluctuate. For example, it has been
demonsirated that the optimal foraging strategy for three desert seed harvester ant
species, Pogonomyrmex barbatus, P. desertorum, and P, cccidentalis is to minimise
the amount of travel time when loaded with a food item (Morehead and Feener 1998).
This travel time is strongly affected by environmental temperature, since it influences
running speed, and therefore this can be viewed in terms of a relationship between

state, as influenced by envirommental temperature, and optimal foraging strategy.

Such environmentally-driven changes in state may have profound effects on foraging
strategies, suclt as prey choice, site selection and the temporal pattern of foraging.
Aquatic foragers in particular are influenced by the specific demands imposed upon
them by the medium in which they forage. These demands have provided strong
selection pressures upon aquatic animals physiological capabilities, such as aerobic
tolerance (for example Kooyman and Ponganis 1998) and thermoregulation (e.g. Croll

and MacLaren 1993). Therefore most aquatic animals are highly adapted in this
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regard. However it has been suggested that the Eurasian otter is not highly adapted
for the aquatic environment (Kruuk 1995) and as such provides us with an opportunity
to examine how the influence of habitat variables on an animals state influence its

behavioural parameters.

In this study lhese parameters were examined for the foraging of the otter, in
particular in the context of changes in water temperature. Previous studies have
demonstrated that this is a major determinant the metabolic costs of foraging (Kruuk
et al. 1994). The overall aim here was to determine what, if any behavioural shifis
occurred in order to satisfy the increased physiological demands of foraging at tow
water temperatures. Within this, it was important to separate any possible indirect
effects of water temperature, such as those on prey behaviour and habitat quality,
which were likely to influence the predator behaviour, from direct effects on the ofters
physiological demands. We therefore firstly established a prey-monitoring regime

around the peninsula, as discussed in chapter 2.

As a tool for measuring the relative abundance of the prey species of the Lurasian
otter, stationary fish trapping has, since its initiation by Kruuk ef al. {(1988), been used
widely i studies of predator prey relations of this species when it is foraging in salt
water (there are other more reliable methods of monitoring fresh water prey such as
electro-fishing, see for example Kiuuk et af 1993). In many ways it can be
considered an imperfect but useful tool, and our results in chapter 2 confirm this.
They do this in particular with regard to catches of butterfish, onc of the most

important prey species at Taynish (chapter 4), and elsewhere (for example Wait
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1995). Previously, there had been doubts cast on the reliability of stationary trapping
as a means of monitoring populations of this species by the results of Gibson ez af,
(1993), who compared the catches of butterfish from such traps with those from
trawling, and found profound differences. Qur catches of this species were minimal,
despite there being a seeming abundance available to the foraging otters (chapter 4).
As such we concluded that we could not derive reliable information on this prey

species from fish trapping data.

[n terms of the other prey species of the otters at Taynish the trapping provided us
with fairly clear information of seasonal and spatial trends in prey abundance and
distribution. The species present at Taynish showed some similarities with other
studies, (for example Watt 1995), although there were unusually large numbers of
both wrasse and gobies, and such diffcrences implied a degree of local inter-habitat
heterogeneity. Indeed within the three adjacent habitats of the study site we
demonstrated [airly profound differences in species composition and in most of the
species that did not show a statistically significant difforencce this was in all
probability due to small sample sizes of these species. There were also marked
seasonal differences in prey abundance, notably with eels and some of the gadoids.
These are high quality prey items and therefore such variation would be expected to

strongly influence patterns of otter predation.

Due to interspecies variation in the behavioural responses to the traps, and therefore

catchability, it was not possible to draw direct comparisons of the relative abundance

of the prey species. It was however possible to use the data to obtain a snapshot of the
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overall habitat quality by using biomass as a measure. By doing so it was clear that
habitat quality varied seasonally, and it could be predicted that such changes may

influence otter predation and use of habitats.

Having determined to some extent the seasonal and spatial fluctuations in prey
populations, it was now important to examine the influences this would have on the
otter foraging hehaviour, and to so it was necessary to examine the actual prey
consuwmedt. There were lwo possible methods of doing so, spraint analysis and direct
observation. Both methods have advantages and disadvantages that are discussed in
chapters 3 and 4 (see also Kruuk 1995, Carss and Parkinson 1996 and Carss and
Elston 1996), but no actual comparison of the two had hitherto been made in the wild.
Thercfore as well as the overall aim of describing predation patterns of the otters, this

study offered the opportunity to make such a comparison for the first time.

Initially however the process ol spraint analysis had 10 be clarified to examine sources
of potential error. Recent work by Carss and Patkinson (1996) had demonstrated
potential errors in the current methodology, and proposed the use of key bones from
the prey skeleton as a more accurate means of assessing diet. Carss and Elston (1996)
carried out feeding trials on captive otters to define this for freshwater prey, and in the
present study this was attempted for marine prey. It was shown by these feeding trials
that whilc the current method of quantifying diet from spraint analysis (frequency of
occurrence) gave a correct rank order of prey numbers, it did not do so for the relative
biomass contributed to the diet by each prey type. It was therefore necessary to

describe a more accurate method of assessing diet from spraint analysis. This was
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donc with the use of key bones to some extent but further frials are necessary to

extend and solidify this work.

Whilc there had already been numerous studies of the diet of the otter, it was
necessary to describe it at our study site in order to identify all the influences on
foraging behaviour that were acting upon the otters, as part of the overall objective of
determining the effects of water temperature. Also, as stated above, it provided us
with an opportunity to compare the two methods of diet assessment. Our results by
hoth methods confirmed those of other studies, in that the ofters fed almost entirely on
bottom-dwelling fish, The two methods were significantly different, and the
differences between them were those that one would expect inluitively, for example
smaller prey such as gobies, were not detected as commonly as by spraint analysis,
and occasional prey items, such as amphibians were not detected at all by observation.
Conversely, observational data show the importance of large prey items such as
lumpsuckers, which are not detected by spraint analysis. It was therefore concluded
that the best way of asscssing the otters dict was by a combination of both direct

observation and spraint analysis.

It was also demonstrated from these data that there was a degree of dietary preference
- shown by the ofters in that there were Jarge differences in the relative importance of
all the prey groups in comparison with the data from fish trapping. In goneral this
preference was shown in the selection of heavier prey items. Seasonal and spatial
variation in dietary patterns was also demonstrated. These variations can be explained

by in part by prey abundance, for example the sandy habitat has the lowest available
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biomass, and also is the least uscd by the otters. Conversely catches in the (raps are
lowest in the winter but this is when the otters eat the greatest numbers of prey,
possibly due to the increased metabolic costs of foraging in the lower water
temperatures (Kruuk er al. 1994). Therefore, it was demonstrated that one aspect of
foraging behaviour, prey choice, was influenced both by prey distribution and by
physiological demands. A final trend worth mentioning in these data was the peak in
crustacean predation during the autumn, associated with foraging in deeper water,

This point will be returned to.

A further aspect of foraging behaviour that may be influenced by fluctuating
temperature 1s the choice of foraging site. The study site was divided into three
discreet habitats, and the data from fish trapping (chapter 2) and descriptions of the
diet of otters revealed that there were differences between habitats both in the suite of
prey available and in the prey items eaten by otters. An investigation into the relative
usage of these habitats as foraging sites was then carried out, with the underlying
prediclion that the otlers would choose the habitat with the highest biomass. In each
habitat there was a different relationship between watcr temperaturc and the total
avallable biomass, in such a way that at 10.7°C there was a swifch from which of two
habitats (rocky and tidal) had the greatest biomass, If the choice of foraging site was
governed by biomass, then it would be predicted that the otters would change their
choice as the temperature-mediated shift in which habitat had the highest biomass
took effect. In fact these predictions were not met by the data. Although there was an
overall preference for the habitat with the highest biomass (the tidal habitat), shifts in

usage of the habitats predicted by the fluctnations in biomass were not observed. It
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was concluded that other factors are involved in the choice of foraging site by atters,
such as differences in aspects of the prey other than biomass, in the amount and

composition of algal cover, in the species diversity and in the availability of depth.

The foraging behaviour of any predator will be influenced by the behaviour of its prey
(Sih 1993), and in an investigation into the effect of an environmental variable on a
predator, it is necessary to have some information regarding the effect on the
behaviour of the prey. We investigated the effect that water temperature had on the
general activity levels and escape responses of some of the piscine prey species of the
otter, and consequently whether this caused variation in the capture time of these
animals with water temperature. Our results showed that while there was an overall
decrease in the activity and escape response of three of the prey species of the otter
with depressed water temperatures, there was no evidence of a reduction m the
capture times of these species. It is likely that this is can be explained the fact that
otters predate on their prey during the point in the prey’s activity cycle when the prey
are inactive anyway, therefore there is no effect caused by the amount of activity at
other times. Implicit in this hypothesis is that the timing of the predators foraging
would change as the overall activity of the prey decreased, since the timing is based

around the activity of the prey.

Descriptions of the partition of the otters time into an activity cycle had been made
previously (Kruuk and Moorhouse 1990), but was only completely carried out in the
summer, The conclusions of these authors were that the otters feed when their prey

are inactive, during low tide and early morning or late evening. In the present study,
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we made observations throughout the year in order to determine the effect that the
temperature mediated decline in activity of the prey species had on the activily cycle
of the otter. It was found that there was no effect of tide on otter activity at any time
of year. This effect can be explained by the fact of a small tidal range at Taynish, so
there is not a strong cnough tidal zeitgeber to entrain tidal behaviours in the prey,
therefore there is no etfect on the otter. However there was a pattern of foraging
evident in a daily cycle, similatly to Kruuk and Moorhouse (1990) Shetland study,
there was a preference for foraging during the moming, followed by evening and
midday was used the least for foraging activity. This pattern changed in winter, when
most foraging occurred in the evening. To some extent this matches the prediction
that with the decline in the prey’s activity associated with winter water temperatures
the otters no longer follow the prey activity cycle. This also raises the possibility that

coastal otters may forage nocturnally to some extent in the winter,

Much of the study of physiological effects of foraging in water have concentrated on
the components of the diving cycle, travel time, foraging time and surface recovery
time (for example Walton ef al. 1998), despite evidence that most of the metabolic
costs of such behaviour are met after the foraging bout is completed (de Lesuw 1996).
Since the metabolic costs of foraging otters increase with decreasing water
temperatures, we would predict from this that greater recovery times would be
required after foraging in depressed water temperatures, and this was quantified
mathematically in the present study. The results confirmed the predictions, in that
recovery periods on land, associated with vigorous grooming, increased relative to the

time spent in the water when water temperature was depressed. It was also confirmed
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that none of the components of the dive cycle showed a strong relationship with water
temperature, Therefore it is clear that otters postpone the metabolic costs of heat loss

during foraging until after the foraging bout is completed.

Finally, it was noted that the depth of water in which loraging was carried out
increased with the water temperature that the foraging occurred at. Particularly
associated with this was predation on edible crabs. An examination of this
phenomenon by cost benefit analysis was made. It was determined that there was
betier quality prey in deeper water and that the success of dives was higher.
Conversely there was an increase in travel time, prey-handling times were greater and
the rate of heat loss was higher in deeper water. Since one of the key costs of foraging
to an olter is the metabolic recovery of heat, it would be predicted that they would
only forage in deeper water, as indeed was demonstrated by the data. An optimality
model derived from the cost benelit analysts suggested that rather than there being a
linear relationship between water temperature and depth of foraging, as the
temperature of the water increased, there would be a switch between foraging in
shallow water to doing so in deeper water. Such a relationship did exist in the data,
however there was not the final levelling of the graphical relationship between water
temperature and depth predicted by the model. This could be explained by the fact
that the water at the study site never reaching the temperatures required for this to be

sceon.
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It can therefore be concluded that water temperature does have a strong influence on

the foraging behaviour of the Eurasian otter, and this manifests itself in the following

ways:

1. An increase in the numbers of prey consumed in the winter is required in order to
compensate for the increased metabolic demands of foraging in colder water.

2. There is a change in the timing of foraging in the winter due to decreased activity
of the prey

3, Post foraging recovery times are longer in relation to the length of foraging bout
after swimming in colder water, again to compensate for the increased metabolic
costs of foraging in colder water

4. In colder water, the otters are restricted in their use of depth, despite better prey

being available in deeper water.

The fact that the otter is so affected by cod water temperature raises the possibility
that it is temperature limited. An examination of its range (Foster-Turley et al. 1990}
shows that it does stop short of the arctic circle, so this may well be the case.
Furthermore cur results are in general agreement with Kruuk’s (1995) assertion that

otters are not particularly well adapted to an aquatic mode of life.

Our conclusions also indicate that the costs and benefits of foraging are complex for
any animal and cannot be looked at in tcrms of simplc handling time and the encrgetic
content of the prey, rather the effects of other variables on the animals state must be

takch 1nto account
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Implications for otter conservation

The TUCN action plan for otter conservation (Foster-Turley et al. 1990) proposed that
among the priorities for the conservation of the Eurasian oller was the need {o identify
the otters ecological needs in order 1o instigatc management programs. In this study
we have shown that there is a complex relationship between the otters behaviour and
its habitat, particularly with regard to water temperature. There is a degree of
variability in the ecological requirements of the otters as its habitat fluctuates, and this
must be taken into account when formulating management programs. A key
relationship to be incorporated into such a program is that between the otter and its
prey, due largely to the evidence that the otter is prey limited (Kruuk 1995). This
relationship changes seasonally, with otters having the opportunity to select quality
prey items at certain times of year (for example edible crabs when the waler
temperature is relatively high, chapter 9) and having to expleit poor prey items at
others (for example 15-spine sticklebacks in ebruary, chapter 4 and 5). Furthermore,
the times of the exploitation of poorest food occurs at the time when the otters
metabolic demands due to heat loss are the highest; when the water is the coldest
(Kruuk et al. 1994). A survey of the canses of mortality of otters in Shetland (Kruuk
and Conroy 1991) sugpested that the major cause of death was gastro-intestinal
haemorrhaging, caused in all probability by starvation. This mortality is highly
seasonal (Kruuk et al. 1987, Kruuk and Conroy 1991) occurring simultaneously with
low food availability (Kruuk ez «l. 1988, chapter 2) and depressed water temperatures
(Kzuuk 1995). A comprehensive management plan would need to take such

fluctuations in habitat quality into account in order to fully protect the animal.
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Further researvch

In order to clarify and reinforce the conclusions of this study, I would recommend that

the following further research is carried out:

1.

An investigation into the effect of fish behaviour on the success of the stationary
traps uscd in chapter 2.

Further feeding trials to extend the data on key bones of marine prey rccoverable
in spraints (chapter 3).

Radio tracking of marinc otters to cxtend our knowledge of habitat use (chapter 5)
and activity patterns (chapter 7). The use of thermo-sensitive transmitters would
permit further information on the thermal recovery costs of foraging (chapter 8).
Refining of the mathematical model of rccovery time and water temperaturc
(chapter 8) to include stochasticity in the equation parameters.

A trapping regime (o invesligate seasonal changes in the depth distribution of

prey, and the energetic value of the prey.
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