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Summary

It has been suggested that adult female harbopoE®s Phocoena phocoehan the southern
North Sea could occupy a slightly higher trophisipon than adult males (Das et al. 2003, from
carbon and nitrogen stable isotopes ratios in 46dua porpoises stranded on the French, Belgian
and Dutch coasts). Higher nitrogen ratios for fexaauggest a different diet, perhaps associated
with reproductive behaviour.

In this study, diet composition of 155 beached layppdaught harbour porpoises from 2006—2008
was reconstructed. The objectives were to (i) datexr whether the diet of mature females differed
from that of mature males (ii) explore if and hdwey differentiated between the seasons, and (jii)
explore if conclusions can be made on what theterpa might indicate in terms of foraging
strategies, habitat use and general body condition.

Harbour porpoises have a high metabolic rate (SafatBierce 2003), which, combined with their
limited energy storage capacity, requires thenegalffrequently without long periods of fasting.
Many harbour porpoise prey are also commercialptated, and dramatic changes in North Sea
fish stock have occurred in recent years. Both jphggical research as abundance estimations
(Santos & Pierce 2003, Camphuysen 1994) suggedstith@eids could be a more important fish
order to porpoises than generally is accounted for.

To investigate whether the suggestions of Das. €2@03) could be confirmed or not, relative
contributions of individual prey taxa were assesasdvell as for prey orders (clupeids, gadoids,
scombrids, gobies, squid and sandeel). Potentiedletions were examined between either an
offshore or inshore diet and demographics, seadeatlres, and the general body condition
(measured in classes 1 to 4).

The Das et al. findings on significant differenbesween diets of the sexes were confirmed, but
not in such a substantial way that a structurahdrigrophic position could be assumed. Female
adults took significantly more scombrids and fesguid and gobies than the other demographic
groups, and had in general a more offshore typketf Juvenile diet had a high proportion of
gobies and in general a more inshore diet. Bodgition per individual was compared on their
consumption per prey order. Individuals with a éettondition consumed more clupeids than the
more emaciated animals.

These findings indicate complex use of energy nessuand general conclusions were difficult to
make. However, since the adult female group wasrassociated with a diet of more scombrids
and in general a more offshore diet as the othexodeaphic groups, this could indicate a different
habitat use, perhaps because of (previous) higieegg requirements, caused by energy demands
during the reproductive season. Further studies@eded to investigate the relationship between
adult female reproductive needs, habitat use agidbactions on possible future changing
availability of several prey groups, especiallypdids and scombrids.
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1. Introduction

1.1 Literaturereview

European distribution and ecology

Harbour porpoises are one of the most common cataaa European waters (Santos & Pierce
2003, Leopold & Camphuysen 2006). However, thrainghlast century, declines in their
populations have occurred in some areas, partlgutathe Baltic Sea, the southern North Sea and
the English Channel. Several potential threats ssdishery by-catch, depletion of food resources,
marine traffic and exposure to contaminants maye Hmen responsible for such local declines of
these stocks (IWC 2009, ICES 2007).

Harbour porpoises are small and have a relativigly imetabolic rate (Santos & Pierce 2003),
which, in combination with its limited energy stgeacapacity, contributes to a need to feed
frequently without long periods of fasting. Theisttibution and movements are perhaps closely
related to the movements of their diet speciesnstom et al. 2005 in Fontaine et al., 2007).
Haelters & Camphuysen (2009) noted a clear shifistribution from northern waters towards the
south between 1994 and 2005 (based on SCANS II)2@bch they assume is probably food
related.

Phocoena phocoerfarage mainly within the first 200m of the watetumn (Bjorge 2003 in
Fontaine et al. 2007). They may feed at the sea ftoshallow waters, or pelagically on midwater
prey, either in shallow or in deeper waters. Ingbathern and central North Sea area, depth varies
from less than 40m in the south until a maximuntldep circa 100m in the central parts, except
for the Doggerbank. A peak in numbers in coastaérgeof the southern North Sea is reached
between February and April (Haelters & Camphuy€@802. During summer, sightings were less

in number, more widespread and occurred mainlpnthmvestern regions, at or around the
Doggerbank, and outside the Dutch sector of theiN®&ea (Camphuysen & Leopold 1993 in Booij,
2004).

Harbour porpoises are considered to be opportaregtiders. Their diet consists of many different
species of fish, cephalopods, crustaceans andpmhgchaetes. Several European studies indicate
different primary prey species per location (Samtiosl 2004, Leopold & Camphuysen 2006,
Haelters & Camphuysen 2009, Fontaine et al. 2002tal food intake is between 4 and 9.5% of the
total body weight, representing between 8000 arfid@%J/day (Kastelein et al. 1997 in
Bougeugneau et al. 2007).

Young are mostly born between May and August, aftgestation period of 10 to 11 months. A
peak in births occurs in June and July (Addinkle1 295, in Haelters & Camphuysen 2009). Their
nursing period is usually less than one year. éstiangly, there is a very short resting period
between pregnancies, and females are often pregnddactating at the same time (Read et al.
1997, in Santos & Pierce 2003). Porpoises are #gxuature at an age of three to four (males) and
four to five years (females), and longevity is ardiwenty years (Haelters & Camphuysen, 2009).

Food type and trophic status: differences betweendalt females and adult males?

According to Das et al. (2003) adult females ingbathern North Sea occupy a slightly higher
trophic position than adult males. They measurgdgen stable isotope ratios in the muscle tissue
of 46 harbour porpoises and other marine mammalsaveral prey species. Of their investigated
individuals, 17 were adult, 9 female and 8 maleualy occurring stable isotope ratios have a
slight selective retention of the heavier isotopd axcretion of the lighter one in biological tissu



They are derived from assimilated food of the comsuand reflect dietary input over a longer
period of time. Therefore, they are a good additmstudies on the last meal of individuals before
stranding or by-catch. The isotopic ratio of niieags generally used to indicate the trophic le@fel
a predator. It shows the enrichment in its tisageompared to its prey. Mature female harbour
porpoises had a significantly higher nitrogen ratitheir muscles than mature males: a mean of
16.5%0 versus 15%o.. Stable isotope values did né&rdifetween porpoises that had died with poor,
moderate and good body conditions.

However, interpretation of isotopic ratio studiesmains complex and inconclusive. Several of the
results were in contradiction with other diet sagdfLick 1991 in Das et al. 2003, Santos & Pierce
2003, Leopold & Camphuysen 2006, Yang 1982 in Jgmet al. 2002). Furthermore, within a
species many feed on higher trophic levels asdhey, but not all. Herring appeared to feed at
lower trophic levels as they increased in size,sorde flatfishes shift from feeding on predatory
polychaetes to deposit- or filterfeeding bivalvestey grow (Braber & De Groot 1973 in Jennings
et al. 2002). Future studies on stable isotopegsatossibly need to be based on increased
replication over larger sea areas (Jennings €0aR).

In the Bay of Fundy, on the eastern shore of Cartaaéth & Gaskin (1983) reported that six
lactating females consumed larger prey with a nieagth of 46.4 cm (x10.2 cm) than seven non
lactating nor pregnant females (mean 14.0 cm, eijland three mature males (mean 12.2 cm, £5
cm). The lactating females had a more diversified @ well. In addition to their normal prey
(herring, mackerel, gadoids, smelts) they took igsaihat were not found in other stomachs
examined (redfish, ocean pout, hagfish). The astbhoncluded that a different size range of fish
and the more frequent occurrence of anomalousespéisi further evidence that these females were
searching for food in areas not generally utilibgdbther porpoises, in order to meet their energy
requirements.” This is in agreement with Iversohdkyer (2004, in Santos et al. 2005), who
found that females took in a greater variety ohtthan males in a sample of 72 by-caught harbour
porpoises from Danish waters.

Other dietary aspects

Clupeids could be of importance to harbour pormiBridok van Heel (1962, in Santos & Pierce
2003) observed that captive porpoises fed on yooeddost weight, but this weight loss was halted
when the diet was changed to the same amount ohgeBwitching from high calorific prey like
herring to one with lower calorific density couldve long-term effects on survivorship and
productivity of harbour porpoise populations, amte dramatic changes in North Sea fish stock do
occur, prey quality could be an important aspegarpoise ecology to look into. In addition to
clupeids, MacLeod et al. (2007) suggest that sdrateelso important for porpoises. Changes in
their availability have had major effects on thedating success of other marine predators, such as
seabirds (Wanless et al. 2005, Woo et al. 2008).



1.2 Study objectives

The dietary differences between adult males andliesrfound in both the Das et al. (2003) and
Smith & Gaskin (1983) studies are intriguing. Tléhars mentioned a possible link with
reproductive behaviour, in the latter study this@gre obvious than in the first study, however, it
could be the case for both. In addition, femalesimgeneral significantly larger and weigh more
than males (76 kg versus 61 kg, Santos et al. 28 the larger size as the (past) periods of
pregnancy and lactating could demand higher errexgyirements.

Prey species like herring could perhaps meet thigger energy requirements. And especially
during autumn, herring and several other fish aterg richer than in spring. Do adult females
consume more of these fish than adult males? Ané smin autumn? What about

malnourishment: is there a link between the higinéower nutrional state in which a harbour
porpoise was found and its consumed prey? Answdtese questions could generate more insight
in energy requirements in different stages of harlporpoise lifes.

In this study, diets of 155 beached and by-caughidur porpoises were reconstructed from the
contents of their stomachs. The objective was\estigate whether different energy requirements
of adult males and females during their lives ti@esinto lasting differences in diets.

Main questionAre diets of adult males and females significadifferent?
-In prey species?
-In prey size?

Sub questions:
= Do these diets differ between the seasons?
= Are there differences in how they differ betweensgasons?
= |s there a relationship between diets and nutrilostate/body condition?



2. Material & methods

2.1 Data collection

Between 2006 and 2008, 172 stranded and by-caaghotr porpoises were collected along the
coasts and fisheries of the Netherlands. 155 Gktleeuld be later analysed on diet. The sample
included individuals of both sexes, immatures ashata. The post-mortem condition of the
carcasses varied from very fresh to decomposedcatoasses were stored at -18°C until
dissection. Animals found in 2006 were stored atNihiOZ at Texel, those found in 2007/2008 at
the University of Utrecht. During each dissectimlividual characteristics of each animal were
recorded and some tissues were sampled for fuatiayses (histopathology, virology,
bacteriology, parasitology, toxicology, fatty acefsd DNA), following the protocols from Kuiken
and Hartmann (1991), and Jauniaux et al. (200Z2opbld & Camphuysen 2006).

Date and location of stranding was recorded, abagedtate of health, gender, length, weight and
blubber thickness. Teeth were sampled in ordeeterdhine the age by counting the dentinal
growth layers of the teeth, assuming that one lagels one year (Gaskin & Blair 1977; Myrick et
al. 1983; Lockyer 1995 in Leopold & Camphuysen 2008t all teeth have been processed at the
time of writing this thesis. State of health wasigised into one of four categories: 4 (not
emaciated), 3 (slightly emaciated), 2 (moderatetp@ated), or 1 (severely emaciated,
characterized by weight loss, reduced blubber Ithyiekness and dorsal muscle atrophy). Where
possible, necropsy included assessment of disegtsis and cause of death.

The four stomach compartments were taken out ahdpan. The stomach content was recovered
and washed. All parts; food items, other swallowksinents, including macro-parasites of prey
fish, were stored at -20°C in polythene bags fahier analysis. After sorting, fish bones and
otoliths were stored dry, and cephalopod beakstacean remains as well as any remains with
attached tissue were stored in 70% ethanol.

All prey hard parts were further analysed and messunder a microscope at IMARES on Texel.
All derived data was recorded in a databagarten Debruyne and Angela Folmer started data
acquisition on 2006 samples in 2007, Martijn Mogrtantinued with 2007 samples in 2008. In 2009, |
and my collague Amber Beerman entered the 2008lsaffaga. Bod items such as otoliths, fish
bones, vertebrae, jaws and scales were determorgmkties, by using literature (Clarke 1986,
Harkénen 1986, Watt et al. 1997, Leopold et al.12@Nhd a reference collection of specimens
caught by commercial or scientific trawlers in fexel Wadden sea area. Otoliths and jaws were
aligned by size, and paired if possible. Matchiaggor single items were considered being of one
prey. Of each otolith or jaw, length and width wasasured and recorded. If an otolith was broken,
only the width was measured. Non food items weeasured, weighed and recorded

The size of the otolith was corrected by 5 to 28&pending on the degree of wear and the species
(Leopold & Winter 1997; Leopold et al. 1998). Afthis procedure the original size of the otoliths
was assessed. Original prey sizes were estimatadehlns of regression analyses of Clarke (1986,
squid); Leopold et al. (2001, fish); Zwarts & E$skl(1989) and Leopold & van Damme (2003,
worms) and Doornbos (1984, shrimp). Fish bones werasured and the original fish size was
assessed via regression comparisons in Watt @98l7) and Couperus (unpubl., for mackerel).
After that, the fish length was estimated. No otticen was applied on items such as claws of
shrimp, or jaws of worms (Doornbos 1984; Leopolga Damme 2003). Finally, the prey weight
was calculated via regression comparisons, frofieeanentioned publications and reference
material.
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2.2 Data analysis

Neonates, animals of unknown sex, animals with eposed bodies, empty or missing stomachs,
or stomachs containing only fish eyes that couldogoidentified to species, were excluded from
further analyses. Of the original 172 harbour p&sgs the sample comprised of 155 porpoises
after this deduction. The relative importance alividual prey taxa was assessed in terms of
percentage by number, weight and kJ, expressedir®8tV and %kJ, respectively. Temporal
variation in diet preferences and nutritional sta#es investigated at seasonal scales, defined as
“spring” (February until the end of June) and “aati (August to end of December).

Age classes used were “adults” and “immatures”Hloaives and juveniles, in this study immatures
and juveniles are used synonymously). At the tifnerding this report, data on exact age and
reproductive status per animal were not availalikerefore body length was used as an
approximation for age and maturity. When over 180a@ng, the animals were considered adult
(Haelters & Camphuysen 2009). Adult females formed demographic group, and were
compared to the other demographic groups, espgtiaidult males.

Each individual porpoise diet sample was examimetesach was categorized as resembling either
“offshore” or “inshore” types of diet. A diet wasnsidered “offshore” if it contained >55% of
offshore prey species in weight intake, and “inghdfrit had >45%W of inshore prey. Only one
“inshore” prey eater had a mixed diet of 48% inghitsh and 52% offshore. The lowest value of
the other “inshore” eaters was 80%W inshore preg,raost were close to 100%W inshore prey.
Only two “offshore” types had mixed diets, bothcota 55%W offshore and 45%W inshore fish.
Most of the other “offshore” type eaters consum@da®%W offshore prey.

Taxa considered “offshore” (migrating) were: whifiMerlangius merlangys Atlantic cod
(Gadus morhua)erring Clupea harenguskprat Sprattus sprattushib (Trisopterus luscus),
poor cod T. minutus)horse mackerellftachurus trachurus)nackerel §comber scombrushd
twait shad Alosa fallax anadromous). “Inshore” taxa were: gobiéslfiidae) all North Sea squid
speciesl(oligo, SepiolaandRossiaspp.),sandeelAmmodytidae spp all flatfish species
(Pleuronectiformes smelt Osmerus eperlanusEuropean seabaddi¢entrarchus labrax,
immatures), European perdhgrca fluviatilis) golden grey mulletliza auratg, eelpout
(Zoarcidag, common dragoneC@allionymus lyra, silverside Kenidia menidia)hooknose
(Agonus cataphractyisshrimp Crangon crangon)musselsNiytilus edulis) crabs Ebalia,
Carcinus, Liocarcinus spp.pipefish Syngnathus rostellatusihd worms ereis virensjArnold
1979, ICES fishmaps).

Literature was used to estimate prey energy depsitygpecies, and if possible per month, based on
kilojoules (kJ) per gram dry weight, as assessebidmb calorimetry. Table 1 shows the references
per species. The kJ per gram was then multipliethéyestimated weight of the prey. However,
calorific variation over the year is generally ggdmown. Much of the differences in caloric

intake is mainly attributable to differences inimgited prey mass, and to a lesser extent in selasona
fluctuations in energy density. Important excepdiemthis are herring, whiting and Atlantic cod; of
these species more is known.

Demographic features of the “offshore” and “instatiet groups were analysed for significant
differences. To test whether the data on distrdmgtiof the diets were homogeneous among the
groups, contingency table analyses on the simptpufEncies of numbers was performed, via the
chi-square test with Yates' continuity correctionl &Vilks' G2 test of independence between the
rows and the columns. Z-tests and two sample $-teste used to compare the mean consumption
of a specific prey species and prey group, (medsar&W and %N), per harbour porpoise group,
and to note any variances, Fisher's F-tests wadered. The Bonferroni correction for multiple
testing was considered, but was decided againstodit® conservative effect which could generate
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too many false negatives. If p-values were less €h@5, differences were considered to be
statistically significant.

The nutritional quality of both prey groups, offse@nd inshore (measured in average kJ and
weight) was compared by z-tests and two samplsts;ten general and per season. The same
comparison was made per species per season; ssrgE®sl spp., squid spp., herring, sprat,
whiting, cod, horse mackerel, mackerel, poor catitzb (these last two taxa were combined).
Average prey weight intake and kJ intake (per pagas well as per prey per porpoise)
differences between gender and age classes wdysethdy z-tests and two sample t-tests. This
was repeated on seasonal fluctuations.

Table 1. References on nutritional value per ppeces. *Paiva conversion means that a convergion o
energy density of dry weight to energy density ef weight was made according to energy densityegai
Paiva et al., 2006.

Species Reference

Whiting, herring Pedersen & Hislop 2001

Bib, poor cod Pedersen & Hislop 2001 value for Naywwout

Cod Average of Harkonen & Heide-Jgrgensen 1991S4eaiinle& Terranova, 1985
Sprat, months 2, 3, 12 Hilton et al 2000

Sprat, months 4, 7, 8, 9 Wanless et al 2005 basetisiop et al 1991

Sand eel Wanless et al 2005

Greater sand eel Average sand eel, after Pederséial&p 2001

Horse mackerel Hammond & Fedak 1994, based on M&urt 1977
Squidspp Hammond & Fedak 1994

Mackerel, Loligospp Worthy, 2001

Gobyspp. Average of Andersen 1999 and Temming & Herrmar®020
Smelt Temming & Herrmann 2003

Twait shad Rand et al. 1994, value takenXopseudoharengus
Plaice Prime & Hammond 1988

Other flatfish Prime & Hammond 1987

Seabass, silverside Paiva et al 2006

Dragonet, hookfish, Murray & Burt 1977; value fou@ard

Eelpout Harkdnen & Heide-Jgrgensen 1991

Perch Schrenckenbach et al. 2001

Shrimpspp Average of Massias & Becker 1990 and Anderser®199
Crabspp Bomb calorimetry N. Daan, unpubl with Paiva casi@n*
Musselspp Bert Brinkman in litt.

Pipefish M.P. Harris, in litt.

Sandworm Cummins & Wuycheck 1971

Seasonal variation in feeding ecology, measurediimber of porpoises using “offshore” or
“inshore” diets, was analysed via the chi-squasewgth Yates' continuity correction and Wilks' G2
test.

In addition, the general body condition (in clasted) per specimen was taken into account. The
nonparametric Mann-Whitney U-test was performedaimpare differences among groups when
variances were not homogenous, and to investiftttere is a relationship between the average
body condition and (i) the seasons, (ii) the deraphic groups and (iii) the diets. For the four
groups per season, chi-square tests and Wilk€sbere performed. Evidence is building that
fishorders differ widely in lipid content, caloifivalue per gram and perhaps in their influence on
porpoise physiology and health (see Introducti®e\)V, %kJ, and %N of animals with body
condition 4 (highest) were compared in t-tests atebsts to those of animals with body condition 1
(lowest). This was repeated in comparisons betweely conditions 3 and 4 to those of 1 and 2.

The statistical analyses were carried out usingtimeputer program XLSTAT 2010 (Addinsoft).

12



3. Results

3.1 General results

The sample contained 155 porpoises; 19 male a@dltiemale adults, 61 male immatures
(juveniles and calves) and 51 female immatures.demeographical distribution is presented in
figure 1. The body conditions of the dissected pigs ranged from score 4: no emaciation, to 1:
severly emaciated. The majority of the animals vie@goor body condition when they died, with
scores 1 and 2 (figure 2). 8 Porpoises had an imkiwondition.

Harbour porpoise population, N=155 Porpoise conditional states,
N=155
Unknown
Female 5%
immatures
33%

Male
immatures
40%

23%
41%

Male

adults 3
12% 12%
Female
adults 2
15% 19%
Figure 1. The demographic groups. Figure 2. &démody conditions.

70 Animals were found in “autumn” (August-Decembaeand 73 were found in “spring” (February-
June). 12 Were found in the periods in betweeryaigmand July.

A total of 19,330 prey individuals were found. 6&Boises consumed mainly “offshore” fish and
92 consumed mainly “inshore” fish. Adults tendedh&we offshore diets, immatures had more
inshore diets. In spring, many seemed to foragehne” type prey, in autumn, the distribution is
almost equal.

e b Figure 3 shows the ingested biomass measured
% in fish order groups. Clupeids account for 5.2
kg in total biomass, with a mean of 20.7 g per
item. Scombrids are the largest prey, with also
5.2 kg in total biomass, but a mean of 159 g per
item. There were only 33 scombrids taken by
A mostly adult females. Gadoids were 32.8 kg in
42% total, 77.5 g per item. Sandeel 4 kg in total, 4.7

Sandez g per item. Gobies 686 g in

5%

Other
38%

Gobies
1%

total, 0.6 g

per item.
Figure 3. Total biomass per fish group.

3.2 Diets per sex and age group

3.2.1 Diet composition

Adult females ate significantly more scombrids canggl to adult males (in %W, p=0.028; in %kJ
p=0.029 mean of two tailed z-test and t-test, bt §%0.05). When adult females were compared
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to the other porpoises it revealed a diet of reddyi more scombrids (both %W and %kJ: p=0.030,
but %N is nonsignificant with p>0.05) and few gab{&eW p=0.009, %kJ p=0.004, %N p=0.009)

and squid (%W p=0.005, %kJ p=0.002, %N p=0.045})Hermature females. Figure 4 shows the

differences per fish order between adult male atuit female diets.

Comparisons in consumption per fish order per group

n

30%

25% - -E _}
20% B Scombrids
6
0O Gadoids
15% - @ Clupeids
|-I- O Sandeel
10% -+ £ O Gobies
@ Squid
5% -
0% i -_-I ‘|

T T T
Female adults, in  Male adults, in  Female adults, in  Male adults, in

%W oW %W %N %N %N

Figure 4. Consumption per fish order of adult fesand adult males, measured in %W
and %N. Intake of scombrids, %W p=0.028. %N plssittiake of the other orders: p>0.05

There were also significant differences betweeratieegroups. Adults took in more scombrids than
immatures (%W p=0.035; %kJ p=0.037 both the medrest and z-test, but %N p>0.05). Also
they took more gadoids (%W and %kJ both p=0.036,#0105), and sandeel (in %N p=0.017; z-
test p=0.020; t-test), but not significantly manedW and %kJ. Matures took less gobies than
juveniles (p<0.0001, z-test and t-test, on %W, %hkd %N).

Adult females took relatively large and therefonergy rich prey. Their prey was significantly
larger compared to the three other demographicpgraweasured together as one group (weight
p=0.037, kJ p=0.036, mean of both t-test and 3-tewt compared to the juvenile female group
(weight p=0.028, kJ p=0.027 mean of both testsuldmales tended to take smaller prey compared
to adult females, but these differences were myiifitant. Adults took heavier (p=0.007 mean of
z-test and t-test), and therefore energy richey (k& p=0.004 z-test; p=0.007 t-test) prey than
juveniles. There were no significant fluctuatiortvizeen the demographic groups in mean kJ
consumption per harbour porpoise, nor by mean yweaght intake per porpoise, in other words
immatures make up for the lesser weight and eriatgite per item by eating relatively more but
smaller prey. The differences are shown in figufgsind 16.

Av. prey weight intake per prey item per porpoise per group Mean KJ per item
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Figure 15. Mean prey weight intake per group. Fegl6. Mean kJ intake per item per group.
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3.2.2 “Offshore” or “inshore” diet

“Offshore” fish eating porpoises take up a sigifidly larger proportion of the total adult sample
population of porpoises, and a lower proportiotheftotal juvenile sample population. For
“inshore” fish eaters the opposite was found: ttade up a significantly lower proportion of the
total adult sample population, and higher propartibthe juveniles (Fishers exact test; p=0.002,
Chi-square with Yates' continuity correction, p£IB) Between the genders there were no
significant differences.

To assess the four demographic groups in one balte the chi-square test for homogeneity was
used, as well as the Wilks' G2 test of independb&eteeen the rows and the columns. Both tests
revealed a significant difference: adult femalessignificantly overrepresented in the “offshore”
fish eating group and underrepresented in the Grestfish eating group (p= 0.029). The adult

male group had no signific differences comparetthéathree other demographic groups. The results
are shown in the figures 5 and 6.
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Figure 5. 3 D view of the contingency table Figérd'he adjusted residuals.
in diets per group (p=0.029).

3.3 Nutritional value of diet and season

As was expected, “offshore” fish were significaniigher in average kJ and weight per prey than
“inshore” fish (both p<0.0001, two sample t-testl@rtest). This was confirmed by the

significantly higher average weight and energy entvalues for “offshore” prey in “autumn,”
compared to “spring” (both p<0.0001). In contréistshore” prey had no significantly higher mean
kJ value and weight in “autumn” compared to “spfin@>0.05). “Offshore” fish eaters again had
significantly higher scores on average biomasskdrntdken per prey item per porpoise compared to
“inshore” fish eaters (both p<0,0001, both thest-tes z-test). Total kJ per individual stomach
content was also significantly higher for “offshbferagers (z-test; p=0,020, t-test; p=0,023). No
significant differences were found in total bioméeseen in per porpoise.

In “autumn,” all differences in energy intake weignificant, both expressed in biomass and in kJ
per prey (p<0.0001, both tests), total biomaskenzer porpoise (p=0.014, mean of both tests) and
total kJ intake per porpoise (p=0.0025, mean df betts). In the “spring” data, none of these
differences were significant. KJ and weight valpesprey item per diet per season are shown in
figures 7 and 8.
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Figure 7. Average weight value per prey item per igufe 8. Average kJ value per prey item per diet

diet per season. Autumn: p< 0.0001, Spring: p>0.05. per season. Autumn: p< 0.0001, Spring: p>0.05.

The specifics for the individual prey taxa wereoatensidered. All “offshore” species that were
taken into account — whiting (%kJ and %W p=0.0@dY (%0kJ and %W p=0.004), bib/poor cod
(%kJ and %W p=0.0001), herring (%kJ p=0.004; %W.p%£8), sprat (both measurements
p=0.002) and horse mackerel (both measurement®@ED). — were significantly heavier and
containing more calories in autumn than in spragg figures 9 and 10. Like “offshore” fish,
sandeel was significantly richer in both weighkasn autumn than in spring (p<0.0001, both
measurements). Squid had no significant shiftsliard weight between the seasons. Interestingly,
gobies were ispringsignificantly heavier and richer in calories thamutumn (p<0.0001, both
measurements). Figures 11 and 12 show the avergigatvand kJ values for the inshore prey taxa.

Mean weight per prey item, per season -- offshore species @ Herring
| Sprat
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| Horse mackerel
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Figure 9. Average weight value per prey item spediper diet per
season. Herring p = 0.004, sprat p = 0.002 whitinrg0.001, cod
p = 0.004, horse mackerel p < 0.0001, bib/poorged.0001.
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Figure 10. Average kJ value per prey item specifieddiet per season.
Herring p = 0.018, sprat p = 0.002 whiting p = @0€od p = 0.004,
horse mackerel p < 0.0001, bib/poor cod p = 0.0001
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Figure 11. Average weight value per prey item uFegl2. Average kJ value per prey item
specified per diet per season. Gobies p<0.0001, pecifsed per diet per season. Gobies p<0.0001,
sandeel p<0.0001, squid p>0.05. sandeel p<0.Godd p >0.05.

3.4 Seasonal variation in diet with regard to behaviour

To analyse if the animals use the higher caloriaezand biomass of “offshore” fish in “autumn,” a
Fisher's exact test was applied. Indeed did harpogpoises use significantly more “offshore” fish
and less “inshore” fish in “autumn” (p=0.037). Censely, the porpoises took more “inshore” and
less “offshore” fish in “spring” (figures 13 and )14
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Figure 13. 3D view of the contingency table on igulFe 14. The adjusted residuals.
seasonal variation in diet (p=0.037).

Tests per specific prey revealed that in “autunpofpoises consumed significantly more
scombrids than in “spring” (%W p=0.033, %N p=0.0¥&an z-test and t-test), however measured
in %kJ, the difference was not significant.

3.6 Body condition index

The Mann-Whitney U test was used to assess possiblionships between demographic group
and their diet and general body condition (sefasses 1-4). “Offshore” fish eaters had a
significantly higher body condition than “inshoriésh eaters (p=0.004). Adults had a significantly
higher condition than juveniles (p=0.015). For rsadad females there were no significant
differences in general condition.

When all demographic groups were assessed forelifées in body condition at once, the chi-

square test for homogeneity was used, as welleag/itks' G2 test, and both gave significant
conclusions (p=0.016 chi-square; p=0.017 Wilkstest). Highest condition 4 stands out, as it is
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clearly positively associated with an offshore dietl negatively with a inshore diet. The outcomes
can be seen in the figures 15 and 16.
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Figure 15. 3 View of the contingency table Feya6. The adjusted residuals show
per condition per season. P=0.016. that conditics overrepresented in the

offshore diet and underrepresented in the
the inshore diet.

A further breakdown of the data was performed tly@e the seasonal variances. Again,
“offshore” diets are positively associated withleg conditions, particularly in “spring,” and
negatively with lower conditions, especially in tamn” (p=0.001). For “inshore” diets, the inverse
pattern could be observed. The graphics are shovppendix I.

Also in general, without looking at diets, the aalsfound in “spring” were in better condition
(p=0.003, Mann-Whitney). This was supported by @tiogency table, per body condition per
season (pe.018). The graphics are shown in Appendix I.

Evidence was found for a positive association betwadupeid consumption and good body
condition. Animals with a higher condition index atgnificantly more clupeids (sprat, herring and
twait shad combined). First, the extremes weresassk(conditional state 1 and 4) on their diet, and
later the higher and lower classes combined (ciomdit classes 1 and 2 with those of classes 3 and
4). In both comparisons, individuals with a betieerall condition took significantly more

clupeids. In the tests of the extremes; class 4uge, the results were: p=0.005 %W; p=0.003
%kJ; and p=0.007 %N, all mean of the z-test amst-in the tests of classes 1 and 2 versus classes
3 and 4, the results were: p=0.007 %W; p=0.005 %ikd;p=0.004 %N. Note however, that the
mean percentages of clupeid consumption remaindtse, at the highest value which was for
condition 4 (no emanciation); 6.9%W.

Animals in good condition had more scombrids aisd kquid, gobies and sandeel (in both ways of
testing, in all measurements) in their diet, big #as not significant.
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4. Discussion

4.1 Summary of results

Adult females took significantly more scombrids deder squid and gobies than the other groups,
and were in general more associated with an oféstmt. However, on on body condition no
significant differences between adults femalesthedther groups were found.

In table 2 the most important significant group pamsons are shown. All intake is measured in
percentage of the total weight consumed (%W). “>aus significantly more than the other group
compared; “<” means significantly less than thesotjroup.

Table 2. Summary of the most important significdifferences found.

Feature/group Feature/condition P-value
Adult females (vs. Adult mal >Scombrid intake 0.028
Adult females (vs. Rest) >“Offshore” diet 0.029
>Scombrid intake 0.030
>Mean prey weight 0.037
<Goby intake 0.009
<Squid intake 0.005
Adults (vs. Juveniles) >“Offshore” diet 0.003
>Scombrid intake 0.035
>Gadoid intake 0.036
>Mean prey weight 0.007
<Goby intake <0.0001
“Offshore” diet (vs. “Inshore| >Body condition 4 0.016
Conditional state 4 (vs. 1) | >Clupeid intake 0.005
Conditional state 3 & 4 (vs. | >Clupeid intake 0.007
2)

As one can see, individuals in good condition camedi more clupeids than the more emaciated
animals. However, the percentage remains relatioahy(6.9%W for condition 4; not emaciated,
versus 1.5% for condition 1, severely emaciated).

Species such as whiting, cod, bib/poor cod, hergpgat and horse mackerel contained
significantly more kJ and biomass in autumn thasgrnng. Clupeids ranged from 4.6 (spring) to
11.9 kJ g-1 (autumn), and gadoids ranged from®34 kJ g-1 (see subchapter 2.2).
Correspondingly, in autumn, the mean kJ and praghweonsumption per porpoise was higher
than in spring. There is no information on energggity of squids or gobies over the year, but
given that gobies were larger in spring than iuaut, they may also have yielded more kJ per fish
in spring.

This difference is used; in spring, harbour poresi®ok more prey items, indicating a lifestyle of
feeding on small prey, like gobies and sandeelutumn, it is more equally distributed, due to the
large proportion of juveniles in the sample. Mdsth@m continue to consume coastal prey, while
adults have a more offshore lifestyle, feedingargér prey that become more energy dense in that
period.
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4.2 Discussion of the results

Adult females eating more scombrids and generatlyenoffshore prey is an interesting result, and
this could indicate changes associated with reptbdribehaviour.

In a study on stomach content, Smith & Gaskin ()}988nd a larger average prey seize for six
lactating females compared to seven other matunalés and three mature males in Canada.

There were no significant differences body condifrmdex between adult males and adult females.
This could be due to the small sample of thesepgigporpoises stranding in the Netherlands are
mostly immatures.

An age-related change from a largely inshore di@t tnore offshore diet (Germany; Lick 1991,
Benke & Siebert 1996, Sweden; Borjesson & Bergd@96 in Santos et al. 2004) was confirmed
by our study. The diet change mostly indicatedith Bbm gobies to scombrids. Whiting and
clupeids were eaten more by adults, but this wasigaificant. Mature animals tend to take larger
prey. This is reflected in a higher mean body comli These findings, combined with the fact that
immatures dominated this stranding sample as \saitlaer studies (Fontaine et al. 2007, Santos et.
al 2004, Das et al. 2003), suggest that the jugestdge is very difficult for porpoises, with low
survival chance, perhaps more so than in othemmanammals in the North Sea.

Offshore fish (sprat, herring, whiting, cod, honsackerel, mackerel, bib, poor cod, and twait shad)
have overall higher weight and kJ values per imtiligl compared to inshore fish (gobies, sandeels,
flatfish species, smelt, seabass, perch, goldgnrgudlet, eelpout, common dragonet, silverside,
hooknose, shrimp, mussels, crabs, pipefish, woams the North Sea squid species) and the
difference becomes larger in autumn. Clupeidadgtdy calorific prey with a range from 4.6 to
11.9 kJ g-1, whereas calorific values for gadoaige from 3.8 to 5.4 kJ g-1. Scombridae are in
between with 4.34 to 5.59 kJ g-1 (see subchap®r Gadoids (mainly whiting) were the dominant
group, contributing 42% of the porpoise diet inrbass. Clupeids compromised for only 7%, as did
scombrids. The seasonal difference in calorificigas used; porpoises take more offshore fish in
autumn, and in spring, they forage more on insBpeeies, especially sandeel and gobies.
However it should be noted that the nutritionaleabf offshore prey may have been
overestimated, since these fish generally arerfasie require higher energetic investments of
catching them, which might be lowering the totahdsi@ of the catch.

The changing consumption of the respective pregispen the seasons follows partly their
changing availability. Sandeel are more eateniimgpwhen they become more abundant; at that
time they come out of the sand, and are at theik pgnumbers in the southern North Sea.
Conversely, offshore prey like horse mackerel, meglkand whiting are at their peak in quarter 3
and 4 (until October). The other offshore speaigsartant in this study; sprat, cod, gobies, bib and
poor cod have a more homogenous distribution througthe year (ICES, 2007).

Dudok van Heel (1962) found that weight loss ocetlin ex situ porpoises when they were fed
with young gadoids, and that the weight loss wédtetiavhen they ate the same amount of clupeids.

A small (and rough) exploration into this matteesgthened this hypothesis. Feeding regimes
were compared to the degree of emaciation. Bodgiton was determined in classes of 1 to 4.
The extremes were compared — class 4 good bodytmmdersus class 1 severy emaciated — as
well as the classes combined — class 3 and 4 velsss 1 and 2. In all comparisons, the animals in
the better shape consumed more clupeids. Althdughs a rough test, the results can indicate that
clupeids, especially herring, indeed are physiaalty important for harbour porpoises.
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Observational evidence suggests that porpoisdémiNtrth Sea consume more clupeids when these
fish become more abundant, the massive declineithNsea herring stocks might have forced
changes in food preference to lower-quality fistd as the stock recovered in recent years, herring
proportions in porpoise diet increased (Rae, 196833 in Santos & Pierce 2003, Bougeugneau et
al. 2007, Saana 2006). Before the collapse, betd@88 and 1971, herring and spragre the most
frequent prey of harbour porpoises in Scotland (F&65, 1973, in Santos & Pierce 2003). And
after the recovery, herring and sprat were founktthe main food of harbour porpoises stranded
and by-caught during 1988-93 in the Swedish Skagennd Kattegat Seas (Berggren 1996 in
Santos & Pierce 2003). However, in Scottish pogpdist, the increase in herring stock was not yet
reflected. Sandeel and whiting still comprise 8(Rihe diet (Santos et al. 2004). Other studies as
well showed various different species being domimaporpoise diet; sandeel (UK; Martin 1996,
Eastcoast UK; Santos et al. 2004), gadoids (StdsjeBantos et al. 2004), cod, whiting, sandeel,
gobies (Danish North Sea & Baltic Sea; Aarefjordletl995) Gobies, herring and cod (Baltic Sea;
Benke & Siebert 1996, all in Santos et al. 2005).

Scombrids as substantial part of porpoise dietéegseoften mentioned, most reports go back to the
time before the collapse of the North Sea mackmopulation in the early 1970s. The population
was decimated as a consequence of extreme oveitatiplo in the 1960s and 1970s and has not
recovered. To this day, scombrids and especiallgkeral remain severely depleted in the North
Sea and considered to be in need of maximum prote@tiardy 1959, Slijper 1962, Andersen

1965, Anon. 2002 in Santos & Pierce 2003, ICES 2007

As stated above, the relatively high scombrid camsion by adult females compared to the other
groups could be related to reproductive behavioutrthe nutritional benefits to porpoises of these
relatively large fish are still unknown. It coulddicate that pregnant or lactating females travel
further in search of energy rich prey, like SmittG&askin (1983) found. Major dietary studies after
the 1970s never found these fish being a primaguee of porpoises. However, they are still
dominant in other marine mammal diets, such asdnmise dolphinsTursiops truncatesPauly et

al. 1995, Spitz et al. 2006). Perhaps interspemma®petition combined with depleted stocks is
causing porpoises to feed on other resources.

Clupeids are becoming much more available. On #nsside of the Atlantic, evidence of a
porpoise tendency towards consuming herring seeone atear. Their consumption of herring
closely followed herring abundance, declining asihg became scarcer and other prey, such as
sandeels increased. After herring stocks increaladst sixfold between the 1980s and 1990s,
their contribution in porpoises diet increased a#l {Read 2001, Overholz & Link 2007). Herring
consumption by harbour porpoises averaged sligividy 5000 tonnes during the years 1977-1981,
increased to an average of 12,000 t in the ea®94.9and peaked at 22,000 t in 2002. This was
mirrored in almost all marine mammals in the aesawell as predatory fish (Overholtz & Link
2007). Diets of harbour porpoises in the West Aitaare now dominated by herring; which
encompasses 80% of their calorific intake (Gannal. 1998 in Read 2001).

At Ramsey Sound, off Wales, increases in porpasssities in winter coincided with
concentrations of herring (Gannon et al. 1998 iraBall 2009). Pierpoint (2008) observed harbour
porpoise foraging behaviour in the area, whichhégh energy spot with steep trenches, tidal
currents and upwellings. At ebb tide, porpoisegedsthe area regulary to feed. Tidal currents and
the steep walls of the trench are believed to aainate prey which is funnelled towards the waiting
porpoises. Harbour porpoise foraging in a tide faadgitat is reported from more locations within
their range (Bay of Fundy, Canada and the nortBatifornia Current System, Watts & Gaskin
1985, Tynan et al. 2004 in Soona 2006). Currer@&@aown to concentrate aggregations of
zooplankton and herring, and, to a lesser extaheér dish as well (Soona 2006, Baradell 2009). In
addition, harbour porpoises surprisingly regulaiggtiented North Sea offshore gas installations,
especially at night (Todd et al. 2009). Offshorgtatiations can act as artificial reefs, accumuotati
plankton and therefore attrackting many specidsbf(Stanley & Wilson 1991, Keenan et al. 2003
in Todd et al. 2009).
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However, as the herring stocks increase, so deesatmmercial fishery. And the significant rise of
net entrapment of porpoises could indicate a IBdugeugneau et al. 2007). In the Bay of Fundy,
Canada, Tripper at al. (1999) observed lower harpotpoise entanglement rates during years of
low herring abundance.

The current state of the sprat stock is not wediviam with large natural fluctuations in annual stock
biomass. Recruitment appears to be highly variabtecan influence the abundance of the species
rapidly due to the short life-span (Santos & Pi€063, ICES 2007). Wanless et al. (2005) found
evidence for a decline in sandeel size, and pgsalbb sprat size, which could be due to changes
in the plankton community.

Clupeids and scombrids could be more importanatbdur porpoise populations than what is
generally thought. Observed porpoise foraging bisliayvincrease in their herring intake as stocks
become more abundant (especially in the West Atlaotit also in the North Sea, but not
conclusively and not for Scotland, which could loe tb local circumstances) and evidence on
positive physiological effects of clupeids for poiges indicate that these fish might be more
important to harbour porpoises than what is getlyecahcurred, and that porpoise health might be
compromised in case this fish group should declmesn in the future (Santos & Pierce 2003).
Wanless et al. (2005) found evidence of a possibdine in sprat size, and sandeel size, which,
because of the combined reduction in energy vadusymething to look into. The same could be
applied for scombrids of which less is known. Thesatively large fish are still far from abundant
in the North Sea and are hunted and eaten signifjcanore by adult female harbour porpoises.
Pregnant or lactating females might travel furhesearch of energy rich prey. However, gadoids
(mainly whiting) remain the dominant prey measurebiomass, as it is the case in other studies,
perhaps as prey of secondary choice.

Herring numbers are increasing. But the persidtimgnumbers of Atlantic mackerel stock,
combined with the uncertaintly concerning spratksadue to their short life-spans, and downward
trend in whiting abundance (ICES 2007) could poseeat to harbour porpoise abundance in the
North Sea. However, these statements must be migueaution, as data are not conclusive and
many ecological aspects like harbour porpoise fatpbehaviour and their physiological needs are
still unknown.
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5. Conclusions and recommendations

5.1 Conclusions

The main question wasire diets of adult males and females significaditferent?
They are: females consumed more scombrids.

All harbour porpoises consumed significantly moifslmore prey in autumn, female adults slightly
more than male adults. This difference was notifsogmt.

There is a relationship between diets and nutdigtate/body condition. Animals with a higher
body condition consumed significantly more clupeids

5.2 Recommendations

The harbour porpoise is one of the smallest cetecaad its habitat and life history impose very
high energy demands. Understanding its distributiarelation to its environment, especially its
prey, is vital for the conservation of the species.

However, the effects of the various possible faciofluencing porpoise diet (year, season, area,
cause of death, age, sex and size) are to thistdlagifficult to disentangle. For example, some
authors consider harbour porpoises to be oppotiaféders (Haelters & Camphuysen 2009,
Fontaine et al. 2007).

However, the idea that the importance of each tfgeey in the diet is related to its availability

has rarely, if ever, been tested (Santos et ak)2dis study, and others (see Discussion), found
evidence of positive correlations between scoménidi clupeid contributions to the diet on one
hand, and age, growth, possible better health assiiie experience of high energetic needs during
pregnancy and lactation, on the other. Furtherarebeis needed to either confirm or reject these
possible links.

Stomach studies of stranded or by caught indivalaed a valuable tool to examine the diets, and
continuation of these are necessary, to keep nramgtthe diet, cause of death, and other
ecological factors, as well as possible futureatsdor the North Sea population. If possible, the
necropsies should be coordinated internationaliytfe countries around the North Sea. These
studies should distinguish between diets of laatpéind non-lactating females, as it seems that
differences between diets of males and femalemase likely to be seen when females are nursing
calves (Santos et. al 2005). Changing energy nefddstating females should be studied more, as
sudden changes in North Sea fish stock do occucamd pose a future threat to harbour porpoise
recruitment.

Stable isotope ratios in mammalian muscle tissnaein dietary information on a time scale of a
few months (Das et al. 2003, Jennings et al. 28a8fos et al. 2005). Cadmium in kidney tissue
can retain this for even longer time periods; m ¢inder of years (Fontaine et al. 2007). On seals,
analyses of fatty acid composition of the blubberéhalso generated insight in diet composition of
individuals of over longer periods, and this isosgibility to use for harbour porpoises as well.
However, this technique is relatively new and $tils practical complications in its use (lverson
1997 in Santos & Pierce 2003). One or more of thaseniques could help on long term dietary
information and could be considered for harbouppimes and their potential prey, especially on
herring contribution to their diet, and on dietr@tation to porpoise health status (Bougeugneau et
al. 2007). Jennings et al. (2002) emphasize thatdattempts to estimate the mean trophic levels

23



of fishes from stable isotope ratios will need ¢éollased on increased replication over larger sea
areas. Estimation of trophic levels is complicaad sometimes intraspecific differences are larger
than interspecific differences, due to changesehahd habitat use as the fish grows. Often #te fi
climbs in trophic level as it grows (gadoid spekibsit in some species it is the opposite (herring)
(Braber & De Groot 1973 in Jennings et al. 2002)wigver, these techniques are expensive
compared to stomach analyses, but should be coedids a complementary source of information
on diets (Santos et al. 2005).
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Appendix | — additional graphics

Graphics of associations between higher and lowdy lsonditions and seasons.
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Figure 17. 3 View of the contingency table per dtad per season per diet. P = 0.001.
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Figure 18. The adjusted residuals.
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Adjusted residuals per cell. The values displayed in bold are significant at the level alpha=0.05.
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Figure 19. 3 D view of the contingency table,
per condition per season. p = 0.018.
overrepresented in autumn.

Spring Autumi Spring Autumi
Condition 1 -1,233 1,317 Condition 1 -2,406 2,406
Condition 2 -0,366 0,391 Condition 2 -0,597 0,597
Condition 3 1,417 -1,514 Condition 3 2,198 -2,198
Condition 4 1,007 -1,076 Condition 4 1,708 -1,708

Residuals (Pearson) per cell. Adjusted residuals per cell. The values displayed

in bold are significant at the level alpha=0,05.
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Appendix Il — remarks on methods

Energy density calculations could have been ovennderestimated. The lack of information on
specific and/or comprehensive sampling times irliteeture make it difficult to decipher which
parameters most strongly affect energy density.

At the time of writing this work, data on which poises from the sample were stranded and which
were by-caught were not yet available, and theeetfiois could not be taken into consideration and
compared with dietary aspects.

This study did not distinguish between diets ofdting and non-lactating females. However, due
to their ecology, differences between diets of maled females are most likely to be seen when
females are nursing calves. Lactating or pregremafes at the time of stranding could generate
more knowledge on the energy needs during thishhidgmanding time of their lives. There is
evidence that dietary differences between lactdengales and other groups are possibly vast (see
5.1). Furthermore, it was not determined whetheasrdmal had actually reproduced or not. Body
length was used as a proximate for age and matarifynals of >130 cm were considered sexually
mature (Haelters & Camphuysen 2009). If more waskn that could have yielded important
information on reproduction and diet habits. Selvaughors (see 5.1 and Introduction) indicate that
adult females that have reproduced might haverdiftediets than juveniles or males due to their
experience in which they have had high energy néds was not considered during this study, as
all females were just accounted on their lengthagel

Seasonal classification (spring; February untileJand autumn; August until December) was
chosen based on shifts in energy density of sepeegltaxa, to investigate if porpoises “use” that
change in energy density, by foraging offshorerudautumn, when almost all offshore species are
richer than in spring. Like stated above, they app@ to do that. While this generated interesting
results, an alternative classification could hagerbbased on shifts in energy needs of the
porpoises, with a cold season and warm seasonh@notajor factor in the classification could
have been the herring peak (October until March).

Stomach content analyses can generate a lot amiatmn and are valuable research methods.
However, they are but a snapshot of the last mahparhaps a meal before that, with no
possibility of repeated samples of the same anifmathermore, the most recent meal is not
necessarily representative of the typical dietntich content studies are therefore a potentially
biased view of the diet, especially if the porpoises weakened by disease or on the other hand, if
the animal was by-caught, which could bring in@shibwards the target species of the fishery
(Santos et al. 1994, Santos & Pierce 2003, Dals 20@3). In this study, these diet groups were
purely based on their last meals and we can thereiat be certain if the animal really had a
preference towards an inshore or offshore foragtragegy or a specific fish order.

Finally, it is possible that some of the smaller food iteathsas gobies and small whiting have
been introduced secondarily and do not reflect preg (Borjesson et al. 2003).



