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Editorial

It is no easy task to understand fluctuations in
population density and the mechanisms underly-
ing the disappearance, (re)colonization and suc-
cessful dispersal of species. Often tremendous
efforts are necessary in order to gain insight in
these processes, they include sampling many
variables, radio tracking numerous individual
animals, or the patience to wait for the outcome
of observations consistently collected over a
long time span. Insight into such ecological
mechanisms is, however, indispensable to draw
conclusions about population viability and the
possibilities for the survival of a species.

In recent times our knowledge about the distri-
bution of most species has improved consider-
ably. However, all effortsto further improve our
knowledge about species distribution remain
highly relevant, especially in the case of rare or
little known species. The collection of data on
the distribution of the European mink in north-
western Spain by Zabalaet a. isagood example.
Keeping track of the distribution and density of
the species will be the next step. Ideally, when
monitoring a species, different and consistent
sources of information can be drawn on. Such
possibilities are well utilized by Camphuysen,
who discusses the situation of the harbour por-
poise in Dutch coastal waters, based on data of
stranded animals, recordings from birdwatchers
and at-sea observations.

Insights into the level and success of dispersion
are of equal importance. Some species can expe-

Editorial / Lutra2004 47 (2): 73-74

Soudliks

rience great difficulty in their attemptsto reoccu-
py suitable habitat patches. Reintroduction may
be an option, however, it should only be consi-
dered if spontaneous recolonization can be ex-
cluded for the near future. It ishighly relevant to
extensively discuss prerequisites for the reintro-
duction of a species, and to judge whether they
meet international standards, asisdoneby Van't
Hof & Van Langeveldein the case of the release
of otters in Overijssel (The Netherlands). How-
ever, such conditions are difficult to quantify,
and only time will tell whether a reintroduction
will bereally successful or not.

In thisissue, we are happy to host three articles,
Millesi et al., Hoffmann et al. and Spoelstra et
al., that result from ameeting on the ecology and
conservation of the European soudlik, that was
organized in Madzharovo, Bulgaria, by BirdLife
Bulgaria, October 25-28, 2002. The conference
was held in response to the dramatic decline in
European sousliks, an important food source for
birds of prey in the Eastern Rhodope Mountains
(southeast Bulgaria) during the summer season.
Although much information concerning mea
sures for habitat improvement was aready avail-
able, the meeting was an excellent initiative,
which was very productive in the establishing of
contacts for future cooperation. The soudlik pa-
pers that are included in this issue al originate
from studies on a population in the municipal
park of Langenzersdorf near Vienna, Austria.
This area has a history as important resource for
research on sousliks, but now apparently turns

73



Photograph: Edgar van der Grift

out to be an important sink for the species itself.
Please get to know about these fascinating mam-
mals: their mating behaviour in high and low
population densities, the factors that determine
the (minimal) chances for successful dispersion
and the fine tuning of their daily activity pat-
terns.

Together with Bauke Hoekstra, the editoria
board has decided that, in the future, the list of
Dutch publications on mammal research should
be made available in a different format. The list
of such publications from 2003 in this issue will
be the last one. The tradition of annualy printing
such an overview in Lutra goes back to 1983,
and the first list ran back to 1974! The annual
publication of asimilar list of Belgian papers on
mammal research, assembled by Erik Van der
Straeten, came to an end some years ago. A
printed version in Lutra is, in our opinion no
longer appropriate, since a printed list lacks the
possibility to do, say, keyword searches. The ed-
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itorial board is very grateful to Bauke Hoekstra
and his co-workers for generating bibliographies
for so many years. The Society for the Study and
Conservation of Mammal s intends to continue to
work together and to make the list available
soon, in ain amore dynamic and interactive for-
mat.

We are pleased to announce that with this issue
Goedele Verbeylen hasjoined the Lutraeditorial
board. Actually, she has worked with the board
before as a guest editor for issue 45(2), helping
us with the special issue on rodents that resulted
from a symposium in Antwerp in 2002. Goedele
works with mammals in her profession as a
scientific officer at the Flemish Ingtitute for
Forestry and Game Management. In addition,
she has close ties with the Flemish Natuurpunt
movement (especialy the Mammal Working
Group). The editorial board surely will benefit
from her knowledge on rodents, as well as her
contacts with Flemish mammal researchers.
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Reproductive strategies of male European
soudliks (Spermophilus citellus) at high and
low population density

Eva Milles?, IIse E. Hoffmann* & Susanne Huber?

* Department of Neurobiology and Behavioural Sciences, University of Vienna, Althanstrasse 14,
A-1090 Vienna, Austria, e-mail: eva.millesi@univie.ac.at
2 Research Ingtitute of Wildlife Ecology, University of Veterinary Medicine Vienna, Savoyenstrasse 1,
A-1160 Vienna, Austria

Abstract: The spring population density of European sousliks (Spermophilus citellus) in a suburban area near
Vienna, Austria, changed from 60 to 6 individuals/ha from 1991 to 1998. The decline occurred during the active
seasons of 1994 and 1995. In order to investigate effects of population density on reproduction we examined ma-
le mating effort and success. Male home-range size, intrasexual aggression, mass loss during the mating period,
and individual reproductive success changed with population density. Home-range size increased with density de-
cline, whereas aggression and mass loss decreased. High densities were characterized by more intense male-
mal e competition and a skewed distribution of mates per male. Mate numbers in low-density situations were nor-
mally distributed and all males were able to acquire at least one mate. At low density, all yearling males were
reproductively active compared to only 13% in the high-density years. Mature yearlings had lower growth rates
than non-reproductive ones. Analyses of cortisol secretion indicated high stress levels at low density throughout
the season. These changes could be viewed as a facultative response to changes in mate availability and the dis-
tribution of reproductive success. On the other hand, the costs of reproduction could be amplified by precocious-

ness associated with population density changes.

Keywords: population dynamics, mating effort, cortisol, growth patterns, Spermophilus.

Introduction

In seasonal-breeding animals, reproduction is
limited by energetic and temporal constraints.
These constraints are even more pronounced in
hibernating species (Heaney 1984). As a result,
in many of these species mating is restricted to a
short period in spring and females produce only
one litter per year (Michener 1984). These pat-
terns of reproduction are part of an animal’slife-
history strategy, which arises from trade-offs in
time and energy allocation for different seasonal
processes. Energetic demands of developmental
processes like structural growth or prehibernato-
ry fattening often compete with those associated
with reproduction (Emlen & Oring 1977, Clut-

© 2004 Vereniging voor Zoogdierkunde en Zoog-
dierbescherming. Lutra abstracts on the internet:
http://www.vzz.nl
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ton-Brock 1988). Environmental bottlenecks as-
sociated with seasonal activity in hibernatorsin-
tensify the effects of these interactions. Patterns
of reproduction must then be adapted to environ-
mental and social circumstances. However, these
parameters may exhibit spatio-temporal varia-
tions within the same species. Selection should
favour strategies, which specifically regulate the
alocation patterns while adapting to changing
demands of an anima’s environment. In small
mammals, density changes can result in popula-
tions, which remain stable or fluctuate to only a
minor degree for long periods while others show
marked fluctuations, which may occur as regular
cycles of growth and decline (Feldhamer et al.
1999). Population density can affect different as-
pects of an individual’s life history, such as in-
trasexual competition, reproductive effort and
success, or even survival.

Age at the onset of sexual maturity is an im-
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portant life-history trait, which can reflect this
adaptability (Daan & Tinbergen 1997). Preco-
ciousness shortens the latency to reproduce and
thereby can prolong the overall time span for re-
production. On the other hand, individual mating
success, which may interact with age, is highly
dependent on mating effort (Emlen & Oring
1977). This in turn is directly related to mate
availability and factors like the operational sex
ratio (Emlen & Oring 1977). High intrasexual
competition and/or low female availability
have been proposed to delay puberty in males
(Clutton-Brock 1988). Deferred maturity allows
males to allocate more energy to growth and
thereby increase their competitive ability (Ke-
nagy et al. 1989). Longevity plays an important
role here, in that this strategy necessitates sur-
vival over a number of breeding periods. These
trade-offs can be extremely complex. Neverthe-
less, they have been documented in a number of
species (Emlen & Oring 1977, Clutton-Brock
1988, Daan & Tinbergen 1997). We have been
ableto study these trade-offs over the course of a
long-term field study (1991-1998) on European
sousliks (Spermophilus citellus) (Millesi et al.
1998, Millesi et al. 1999, Hoffmann et al. 2003).
During 1991-1993 population density in the
study area was high (57 animas/ha) and re-
mained quite constant until 1994 (Hoffmann et
a. 2003). The numbers of sousliks decreased
during 1994 and 1995 in a stepwise manner. This
drop seemed to be mainly caused by alack of im-
migration probably due to the loss of dispersal
corridorsand low local survival rates (Hoffmann
et al. 2003). The density decrease was even more
pronounced in males compared to females.
Thereafter, the number of individualsin the area
was much lower (about 8 individuals'ha) but re-
mained stable during 1996-1998. This situation
enabled us to compare male reproductive strate-
gies at high population density with those in a
low-density situation. In this report we analyzed
effects of population density on male reproduc-
tive effort, age at puberty and subsequent indi-
vidual consequences. Endocrine parameters,
testosterone and cortisol were measured to gain
information on gonadal and adrenal activity in
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both situations. In addition, behavioural observa-
tions enabled us to compare intrasexual aggres-
sion, home-range size and foraging at high and
low density.

Materials and methods
Study area and trapping techniques

The study was carried out in arecreation areain
Langenzersdorf (48°18' N, 16°22' E), near Vi-
enna, Austria from 1991-1998. The area was
characterized by 8 ha meadowland with scattered
trees, mainly robinia (Robinia pseudoacacia),
ader (Alnus glutinosa) and ash-tree (Fraxinus
excelsior). Human residences surrounded the
study area, offering small patches of suitable
habitat for sousliks. In the analyses of behaviour-
a and physiological parameters only data from
1991-1993 (high density) and 1996-1998 (low
density) were used. The years 1994 and 1995
were excluded from this report because popula
tion density appeared to be very unstable and
none of the juveniles born in 1994 could be re-
captured in 1995. Individuals were delegated to
three age classes: juveniles (<1 year), yearlings
(1 year, juveniles of the preceding year), and
adults (=2 years). For comparisons only individ-
uals with known age and reproductive status
were used. Sousliks were observed and captured
from spring emergence until the last individual
had immerged into hibernation. Live trapping
was conducted with Tomahawk traps baited with
peanut butter on five days per week for 4-8 hours
depending on weather conditions and seasonal
activity changes of the sguirrels. Trapping tech-
niques and frequency as well as observation
methods did not differ among the years included
in this study. For permanent identification of the
animals a transponder chip (PIT tag, Indexel or
Data Mars) was subcutaneously injected in the
neck. In addition, the fur was painted with a
commercial hair dyein an individually recogniz-
able pattern. Femal es were marked with brown-
ish-red colour and males with black. The sous-
liks were weighed (x0.5 g, Sartorius laboratory

Millesi et al. / Lutra2004 47 (2): 75-84



scale) and head length was measured using acal-
liper (maximal length of skull) at each capture.

The area was scanned at periodic intervals on
a daily basis. In earlier studies we have shown
that by scanning 1 ha five times per day, >90%
of marked individuals could beidentified (Mille-
s et al. 1999). Checklists that were maintained
daily from the beginning until the end of surface
activity expanded the scan data. In these check-
lists al sightings of marked individuals (during
scans, captures or from other observations) were
registered. Population density was defined as the
number of individuals present during the mating
period. The premating phase was defined as the
period between the first male and the first female
emergence. The mating phase started with fe-
male emergence and ended one week after the
last female had emerged. Thereafter, all females
showed signs of gestation or lactation and no
male sexual behaviour was observed (S. Steurer,
unpublished data). Postmating was defined as
the period from the end of the mating phase until
the onset of moult.

Behavioural parameters

To determine the reproductive success of indi-
vidual males, male-female interactions were ob-
served from the onset of the mating period until
all females had signs of gestation and male testes
regression started. When females went into
oestrus interactions like genital inspection,
grooming and spatial cohesion were observed.
Earlier studies had shown that spatial proximity
with amale and a decrease in female aggression
towards males occurred simultaneously and pre-
ceded mating. Non-oestrous females do not tol-
erate male proximity (Millesi et al. 1998). Copu-
lation occurred underground, in the femae's
burrow. Therefore, mating was defined as syn-
chronous burrow use by amale and afemale in
bouts longer than 5 minutes. Positions of males
and females above ground were recorded using
scan sampling every 30 minutes. Whenever a
male and female were seen together (within one
body length distance) the observation of the in-
teraction continued and burrow use was regis-
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tered. We had previously noted that synchronous
burrow use with a male was very limited during
the mating phase and hence can be taken as a
marker for receptivity and copulation (Millesi et
al. 1998). As shown earlier, common use of the
female s burrow was only seen with oneindivid-
ual male/female (Millesi et a. 1998). Compara-
ble behavioural data setswere available for 1992
and 1993 for high density, and for 1996 and 1998
for low density. Individuals were repeatedly ob-
served 2-10 times per phase. Focal protocols
were done in periods where the animals were
most active (morning and afternoon). Aggres-
sive interactions (spatial displacements of other
individuals, chases and fights) between the fo-
cas and other individuals were counted and
recorded as unity/30 s-interval. At the sametime,
individuals within 15 m of the focal were noted
at 30 s-intervals. This distance was used because
observations had shown that animals at larger
distances were never attacked. For analysis the
number of interactions/focal protocol was divid-
ed by the average number of close individuals
(within 15 m from the focal animal) /protocol
(Smith & Dobson 1994). This method was used
to correct conflict frequencies for individual
density. During protocols, locations of focal in-
dividuals were recorded every 30 sina3.75 m
sector network. From these point locations,
movement (locomotion) was quantified and
range size determined using the method of outer
polygonal analysis (Kenward 1990). The range
was summed over each phase. Foraging behav-
iour was expressed as a binary variable (1 = yes,
0 = no) per time unit.

Physiological parameters

Emergence body mass was measured in animals
captured within three days after their emergence
from hibernation. Mass loss during mating
(mean g/day) was determined in males, which
were captured at least at the beginning, in the
middle, and at the end of the mating period.

The reproductive condition of individual
males was determined at capture by measuring
testis width externally with a calliper (Milles et
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a. 1998). Reproductively active males had
descended testes and scrotal pigmentation at
emergence from hibernation. Testis regres-
sion started at the end of the mating period
but scrotal pigmentation was evident until moult
had been completed in late June (Millesi et al.
1998).

At capture, 100 pl blood was taken from the
femoral vein. The blood samples were collected
in heparinized capillaries, centrifuged in the
field, and plasma was stored at —20°C until
analysis. Plasma testosterone levels were ana-
lyzed in duplicate after a diethylether extraction
(85% recovery rates) using a biotin-streptavidin
enzyme-immuno-assay according to Pame &
Mostl (1993). Testosterone was used as stan-
dard, the assay showed cross-reactions with
testosterone (100%), 5a-androstane-1713-0l-3-one
(23%) and 5R-androstane-17(3-ol-3-one (12%).
Inter- and intra-assay variation was less than
10%. Adrenal activity was determined by mea-
suring cortisol metabolitesin faecal samples col-
lected during captures. For each sample 0.5 g
faeces were used; extraction was donein 4 ml of
90% methanol. Analysis was done using stan-
dard biotin-streptavidin enzyme-immuno-assays
(Pdme & Mostl 1997). Inter- and intra-assay
variation was less than 12%.

Results
Density changes

Population density changed from 1991-1998.
From spring 1991-1993 densities were high and
quite stable (table 1). In the years 1996-1998
population density was significantly lower than
in the first three years (Chi-square test, P<0.001)
but stabilized at this level (table 1). No signifi-
cant differences in spring density were found
within high and low-density years. Adult sex ra-
tio changed with animal numbers. Sex ratios of
reproductive individuals were female biased in
all years but decreased from 37% males on aver-
age at high densities to 15% at low density (t-
test, P<0.01, table 1).
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Table 1. Numbers of reproductive animals/ha and sex
ratio. Individuals present in the study area during the
mating period were the basis for comparisons. Sex ra-
tio is expressed as proportion of malesin the breeding
population.

Maes  Femaes Sex ratio

High density

1991 19 39 0.32
1992 22 34 0.39
1993 24 36 0.40
mean 22 36 0.37
Low density

1996 1 8 0.11
1997 1 7 0.12
1998 2 7 0.22
mean 1 7 0.15

Sexual maturity and mate numbers

At high density, most yearling males (82.6%,
n=34) were reproductively immature. Only a
small number of yearlings had descended testes
(1991: 12.5%, n=8; 1992: 7.7%, n=13; 1993:
30.8%, n=13). This proportion changed at low
density where all male yearlings trapped in the
study area during the mating period were sexual-
ly mature. Scrotal pigmentation was present in
all reproductively active males and remained un-
til even after complete testis regression. Devel-
opmental processes in yearling males differed
between the two situations. We had shown ear-
lier that non-reproductive yearling males contin-
ued growth in their second season (Millesi et al.
1999). Precocious yearlings terminated growth
after their first hibernation. We compared head
length of reproductive and non-reproductive
yearlings at the end of the active season. The lat-
ter were significantly larger than the precocious
males (means £ SD; 52.6 mm + 2.0, n=12 versus
49.4 mm * 61.8, n=8; t-test, P<0.05). Non-re-
productive males entered hibernation with a sig-
nificantly higher body mass than mature year-
lings (388.2 g + 34.5, n=10 versus 297.6 g +
31.2, n=7; t-test, P<0.001).

We compared numbers of mates acquired by
males at high and low density to determine
whether the increased female availability at low
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density affected individual reproductive success
in males (figure 1). At high density the distribu-
tion was skewed (Wilk-Shapiro test, P<0.04). A
high percentage of the males in the focal area
had only one or even no mate. Some males were
quite successful and had up to four mates. The
few reproductive yearlings in high-density years
were never observed to acquire a mate. At low
density all maleswere ableto acquire at least one
female (figure 1) and mate numbers/male were
normally distributed (Wilk-Shapiro test, P>0.3).

We examined some behavioural parameters,
which have been shown in previous studies to be
related to reproductive effort and success (Mille-
si et al. 1998; table 2). Aggression among males
was an important parameter to investigate. We
found that more aggressive encounters occurred
during the mating period at high densities even
when corrected for potential recipients. Aggres-
sion in the premating and postmating period did
not differ significantly between the two density
situations. It was consistently low. Agonistic in-
teractions during mating often resulted in in-
juries. We correspondingly found differencesin
the proportion of males that had been injured
during this period. Most of the high-density

Number of males

0 ! ! !

males (90.7%, n=65) trapped during mating or
shortly thereafter had injuries, in the low-density
years only 25% of the males had been injured
(n=12). Home-range size increased significantly
during mating in both situations but in line with
the spatial distribution of individual females,
males had larger ranges at low than at high den-
sity (table 2). Another important parameter was
the time an individual spent foraging especially
during the mating phase. Males in a situation
with high competition spent less time feeding
during the mating period than those at |ow densi-
ties (table 2).

Physiological parameters

An important parameter of reproductive effort
was body mass |oss during the mating period. At
high density mass loss during mating was higher
than at low density (t-test, t=2.97, P<0.01), and
was positively correlated with mate number
(r.=0.84, P<0.01, figure 2). Thissignificant rela-
tionship was not found in the low-density situa-
tion (r,=0.21, P=0.52).

We compared endocrine parameters associat-
ed with gonadal and adrenal activity before, dur-

Figure 1. Distribution of
acquired mate numbers of
focal males at high (1992-

-

0 1 2 3

Females/ Males
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1993; hatched bars) and
low density (1996-1998;
open bars).

4 5
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Table 2. Seasona changes in behavioral parameters of focal males at high and low population density. Male ag-
gression is expressed as frequency/protocol, range size (ha) and foraging as percentage of time units/protocol in
which the animal showed feeding behaviour. Medians and quartiles are shown, sample sizes per phase are 8/12/7
at high density and 6/6/5 at low density; (Mann-Withney U-tests, ** P<0.05, ns: not significant).

High density Low density Significance
Male aggression
Premating 0.0(0.0,0.2) 0.0(0.0,0.1) ns
Mating 0.8(0.6,1.2) 0.5(0.3,0.6) *
Postmating 0.4 (0.3,0.6) 0.3(0.3,0.5) ns
Range size
Premating 0.05 (0.03, 0.08) 0.07 (0.06, 0.11) ns
Mating 0.16 (0.12, 0.29) 0.38(0.33,0.48) *
Postmating 0.06 (0.03, 0.09) 0.13(0.08,0.21) ns
Foraging
Premating 82.8(66.2,91.0) 67.3(61.3,79.7) ns
Mating 17.7 (16.8, 33.1) 40.2 (38.2, 48.9) *
Postmating 55.9 (51.6, 66.5) 47.5(37.4,63.8) ns

ing and after the mating period. Patterns of
testosterone secretion in plasma did not differ
between high and low densities (figure 3). Males
emerged from hibernation with elevated andro-
gen levels independent of age and density. Lev-
els decreased significantly after mating when
males started testes regression (Mann-Whitney
U-test, mating versus postmating, P<0.001 in

both situations). Adrenal activity was monitored
by documenting contents of cortisol metabolites
in faecal samples (figure 4). The analyses
showed that low-density males had higher corti-
sol levels in al three phases (high versus low
density, Mann-Whitney U-test, premating:
P<0.01, mating: P<0.05, postmating: P<0.05).
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Figure 3. Patterns of androgen secretion
e in focal males during the premating,
mating and postmating period at high
(hatched bars) and low density (open
bars). Medians and quartiles are plotted;
sample sizes per phase are 11/16/8 at
high density and 8/12/7 at low density.
Significant differences are labelled ***.
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The comparison of male mating strategies, re-
productive effort and success demonstrated dif-
ferences between high and low popul ation densi-
ties. In the high-density situation, intrasexual
competition was high and evident in frequent
displacements and fights. The sparse reproduc-
tive yearlings captured during the high-density
years were not able to compete with older and
heavier males. None of them was observed to ac-
quire a mate and most disappeared at the end of
the mating period. Non-reproductive yearlings
were not attacked by older males (Millesi et al.
1998). They were able then to dedicate one com-
plete active season to growth and preparation for
hibernation. At high density with high frequen-
cies of intraamale aggression an appropriate
body condition may be considered as a pre-reg-
uisiteto successfully competefor females. Mass-
dependent delayed maturity among males of the
genus Spermophilus has been described or pro-
posed for a number of species including Sper-
mophilus beldingi, armatus and townsendii (re-
view in Michener 1984). As in Spermophilus
citellus, the sexual maturation processes have
been shown to be affected by trade-offs with

Milles et al. / Lutra2004 47 (2): 75-84

growth patterns (Spermophilus saturatus, Ke-
nagy et al. 1989) and potential mating success
(Spermophilus beecheyi, Boellstorff et al. 1994).
Kenagy et al. (1989) postul ated that deferred ma-
turity in yearling males is facultative in that
some males forego testicular development and
reproductive chances in one year to alocate
more energy to growth. This kind of trade-off
has been documented in Spermophilus citellus
under certain circumstances (Millesi et al. 1999,
Hoffmann et al. 2003).

In the low-density years, age at puberty in
males changed (Hoffmann et a. 2003). All year-
ling males that emerged in the study areawere re-
productively mature. In contrast to the high-densi-
ty situation, even yearlings with relatively low
emergence body mass (<180 g) went through pu-
berty in their first hibernation. Due to the wider
distribution of females and strongly femal e-biased
Sex ratio, intrarsexual aggression was lower and
locating oestrous femal es seemed to be more im-
portant for reproductive success than mate guard-
ing. Therefore, mature yearlings had larger home-
ranges and fewer agonistic encounters. All
low-density males could acquire at |east one mate
and in contrast to high-density years, mate num-
bers were normally distributed among males. The
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11/16/8 at high density and 8/12/7 at low density. Significant differences are labelled ***.

behavioural results indicate that the energetic
costs of mating were lower at low density. Thisis
aso reflected in the higher amount of time the an-
imals could spend foraging and the lower propor-
tion of massloss during mating.

Adult male European soudliks immerge into
hibernation with regressed gonads and emerge
from their hibernacula with fully developed
testes and elevated plasma testosterone levelsin
spring (Millesi et al. 1998). Testes growth and
the onset of spermatogenesis hence occur in the
burrow, during periodic arousals and/or after ter-
mination of torpor before vernal emergence, as
has been shown for other Spermophilus species
(Barnes 1986). Body condition before hiberna-
tion has been shown to be an important factor de-
termining puberty in young males. Nonetheless,
low density with high female availability was as-
sociated with precociousnessin yearlings, appar-
ently circumventing the body-mass constraint.
Causes and effects here are still hypothetical.
Different factors like the access to specific nutri-
tional resources, suitable hibernacula and social
interactions are affected by density and may
have been critical in causing the changes (Flo-
rant 1998, Millesi et al. 1999, Bruns et a. 2000).

Mating is energetically costly with subsequent
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conseguences for males. Body-mass loss, feed-
ing decreases and perhaps stress effects of con-
flict and locomotion combined to initiate an ear-
lier gonadal regression in highly successful
males at high density (Milles et al. 1998). High
investment coupled with elevated adrenal activi-
ty can undermine maintenance levels of gonadal
steroids via negative impacts on the pituitary.
This explanation fits with the elevated cortisol
levels during the mating period in both situations
and the increase of agonistic interactions. High
mating effort apparently can have carry-over ef-
fects, which are evident in the patterns of subse-
quent seasonal processes (Millesi et al. 1998).
Early maturation, nonetheless, appears to create
further difficulties for the males. Here one could
assume disadvantageous metabolic and immune
changes on the basis of adrena activity. Nega-
tive metabolic effects of mating effort have been
reported for some mammal species (Sapolsky
1987, Deutsch et al. 1990, Bronson & Heideman
1994). The results on adrenal activity at low den-
sity indicate high stress levels in spite of the ap-
parently low frequencies of aggressive interac-
tions. We propose that these findings might be
related to a previously neglected aspect of early
sexual maturity. One scenario would be that pre-
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cocious individuals are more affected by mating
effort than older males, producing elevated stress
responses (Millesi et al. 2002). Thisin turn could
result in lower survival rates due to decreased
immuno-competency or susceptibility to preda-
tors. Survival seemed to be affected since at high
population density males survived up to four
breeding periods compared to a maximum of two
seasons at low density. In a situation with high
mortality rates especially among young males,
selection should favour precocious males be-
cause the chance to survive to the next season
might be very low.

High predation pressure on the other hand,
could lead to increased adrenal activity through-
out the season. Although first analyses indicate
that the number of observed kills per year did not
differ significantly between the two density situ-
ations, the individual risk of predation was cer-
tainly higher at low density producing higher
stress levels for the males (I.E. Hoffmann, un-
published data). This effect would bereflected in
elevated cortisol levels of all age and sex groups
at low density. The samples analysed do not sup-
port this explanation (Millesi et al., unpublished
data). We plan further investigationsin semi-nat-
ural enclosures, which would provide the oppor-
tunity of manipulating specific environmental
factors while monitoring changes in the males
physiology and behaviour.
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Samenvatting

Reproduktiestrategieén van mannelijke
siesels (Spermophilus citellus) bij hoge en lage
populatiedichtheid

De voorjaarsdichtheid van een populatie siesels
(Spermophilus citellus) in een suburbaan gebied

bij Wenen, Oostenrijk, veranderde van 60 naar 6
individuen/ha tussen 1991 en 1998. De afname
trad op tijdens de seizoenen dat de dieren actief
Zijn in 1994 en 1995. Om de effecten van popu-
latiedichtheid op de reproduktie vast te stellen
onderzochten we de reproduktie-inspanning en
het reproduktiesucces van de mannelijke siesels.
Homerange-grootte van de mannen, intrasexuele
agressie, verlies aan lichaamsgewicht tijdens de
voortplantingsperiode, en individued reproduk-
tief succes veranderde met de populatiedichtheid.
Homerange-grootte nam toe met een afname in
dichtheid, terwijl agressie en verlies aan li-
chaamsgewicht afnamen. Hoge dichtheden wer-
den gekenmerkt door een sterkere man-man com-
petitie en een ongelijke verdeling van vrouwtjes
over de mannen. Het aantal vrouwtjes per man
tijdens perioden met lage dichtheden was nor-
maal verdeeld en ale mannen waren in staat om
minstens één vrouw te verkrijgen. Tijdens lage
dichtheden namen alle eenjarige mannen deel aan
de reproduktie, vergeleken met dechts 13% van
de eenjarige mannen in jaren met hoge dichthe-
den. Volwassen eenjarigen hadden een lagere
groeisnelheid dan niet-reproduktieve eenjarigen.
Analyses van cortisol secreties wezen op hoge
stress niveaus gedurende het hele seizoen tijdens
perioden met lage dichtheden. Deze veranderin-
gen kunnen gezien worden as een facultatieve
reactie op veranderingen in het aantal beschikba-
re vrouwtjes en de verdeling van reproduktief
succes. Daarentegen kunnen de kosten van repro-
duktie verveelvoudigd worden door het vroeg tot
volwassenheid komen, wat is gerelateerd aan ver-
anderingen in populatiedichtheden.
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Why malesincur a greater predation risk than females
in juvenile European sousliks (Spermophilus citellus)

Ilse E. Hoffmann, Ernst Muck & Eva Millesi

Department of Neurobiology and Behavioural Sciences, University of Vienna, Althanstrasse 14,
A-1090 Vienna, Austria, email: ilse.hoffmann@univie.ac.at

Abstract: Leaving afamiliar areais assumed to involve an increased vulnerability to predation, yet rarely are mo-
vement patterns and mortality monitored directly. For this reason we examined the locomotor patterns and activi-
ty of 41 juvenile European soudliks (Spermophilus citellus) in relation to their individual fates. We investigated
whether mortality risk increases with distance from the natal burrow, and we also attempted to distinguish sex-dif-
ferential locomotor and anti-predator behaviours explaining the female-biased sex ratio among non-juveniles. Du-
ring three years, weaned juveniles inhabiting a4 haplot in arecreation area north of Vienna, Austria, were equip-
ped with radio collars. Nearly 76% of the tagged juveniles were killed by cats or disappeared with unknown fates.
Only 5% (two females) permanently departed from their natal area and survived, that isto say, dispersed success-
fully. Survival of females more than doubled the male percentage and was independent from distance from the na-
tal burrow, whereas most of the surviving males were philopatric. The major finding of this study was that nonsur-
viving juveniles had moved faster than survivors, with individua speed resulting in sex-differential mortality.
Males tended to move faster than females, incurring a greater risk of predation when remote from their natal bur-
rows. Further analyses of behaviour provided evidences that male-biased mortality could arise from sexually dif-
ferent patterns of time allocation to predator avoidance and vigilance. We conclude that among juvenile Spermo-
philus citellus, males perform an unfavourable trade-off in surface activity allocated to locomotion and vigilance.

Keywords: European souslik, Spermophilus citellus, ground squirrel, Austria, radio telemetry, natal dispersal,

predation risk, survival, sex difference, locomotion.

Introduction

It is a common demographic trait of ground-
dwelling squirrel populationsthat sex ratiois bal-
anced among juveniles at emergence from their
natal burrows, but femal e-biased among older an-
imals (Boag & Murie 1981, Sherman & Morton
1984, Sauer & Slade 1987, Michener 1998). The
proximate causes of this phenomenon are not as
well documented. Although awealth of informa-
tion exists on sex-differential locomotor and ex-
ploratory activities (Holekamp 1984a, Holekamp
1984b, Michener 1989, Wiggett & Boag 1989,
Shriner & Stacey 1991, Waterman 1995, Olson
& Van Horne 1998, Byrom & Krebs 1999), virtu-
aly no explanation is given why these behaviours
should be risky (Schmutz et al. 1979).

© 2004 Vereniging voor Zoogdierkunde en Zoog-
dierbescherming. Lutra abstracts on the internet:
http://www.vzz.nl
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Similar to North American Spermophilus, sex
ratios of European sousliks (Spermophilus citel-
lus) are balanced at litter emergence and develop
askew towards femal es until the subsequent sea-
son (Hoffmann et al. 2003a). European sousliks
are obligate hibernators with a pronounced en-
dogenous annual cycle (Hoffmann 2002). The
active season sets off with the emergence of re-
productive malesin early March and endsin late
September, when the last juvenilesimmergeinto
hibernation (Millesi et al. 1999b). Mating is re-
stricted to early spring, and females give birth
27-31 days later (Huber et a. 2001). Juveniles
emerge from their natal burrows between the end
of May and the beginning of July (Millesi et a.
1999b), 30-34 days after parturition, and are
weaned at four to nine weeks of age (Milles et
al. 1999a, Huber et al. 2001). Fewer males than
females are recruited into the yearling age class
(Hoffmann 2003a), with most losses having oc-
curred during the juvenile summer (Millesi et a.
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1999b). To date, information on behaviour of ju-
venile European sousliks is sparse (Hoffmann
1995, Hoffmann 2002), and virtually nothing is
known about behavioural sex differences in
spacing and vigilance. We thus projected a de-
tailed examination of movement patterns and
concurrent activities during the juvenile summer
as a first step to elucidate the origins of the
skewed sex ratio among non-juveniles.

The purpose of our study wasto track juvenile
fates, and to detect sex-specific differences and
possible risks associated with movement pat-
terns, as has been described for North American
members of the genus Spermophilus (Dobson
1981, Holekamp & Sherman 1989, Wiggett &
Boag 1993). To this end, we radio-tracked loco-
motor behaviour of juvenile European sousliks
in the field and investigated possible behaviour-
a interactions with sex and mortality.

M aterials and methods
Radio collars

We devel oped small-sized radio transmitters and
collars for European sousliks, adapting circuit
diagrams as described in Kenward (1987) and
Naef-Daenzer (1993). Technical details appeared
in Hoffmann (2002). The tag was shaped to fit a
ground squirrel neck and was embedded in ala
tex collar with Velcro fasteners (figure 1). The
collar could be adjusted to neck sizes between 8
and 10 cm and hence be suitable for juvenile and
older sousliks. Compared to conventional radio
collars, this design had several advantageous fea-
tures: 1. the species-specific shape of thetag, 2. a
total mass of maximum 4 g (<4% body mass of a
weaned juvenile), 3. the elastic latex collar did
not cut into the neck, and to a certain degree, ex-
panded with juvenile growth, 4. the risk of stran-
gling was minimised, because the anima was
ableto dlip out and/or the Vel cro fastener opened,
5. latex disintegrates and, in case the animal was
not recaptured, the collar fell off.

Transmitter life was 15-30 days, after which
the power cell could be replaced, enabling there-

86

<« Battery
contacts

Collar

lcm

Figure 1. Radio collar for European sousliks (simpli-
fied representation).

utilisation of the transmitter. Therelatively small
signal range (400 m) was compensated for by
mobile bearing, that is, following weak signals
or searching lost signals on foot. The range and
life span of the transmitters proved workable in
the field and enabled usto track soudliks virtual-
ly without disturbing their natural patterns of be-
haviour.

Field study

We investigated European sousliks dwelling on
a4 haplotinarecreation area (48°31’ N, 16°36’
E) north of Vienna, Austria. Detailed descrip-
tions of the capture technique appear in Hoff-
mann et al. (20033, b) and Millesi et al. (19993,
b). From 1996-1998, we consecutively equipped
41 weaned juveniles (29 males, 12 females) with
radio collars. Between 25 June and 21 August,
we followed each of the tagged individuals for a
minimum of 5 days, unless its fate was known
before. A programmable receiver (Telonics
TR2+TS1) connected to a hand-held H-antenna
and earphones was used to locate each tagged
squirrel in 30-minute intervals daily between 8
am. and 2 p.m. At the same time we recorded
whether the animal was seen aboveground. In 15
of the tagged animals (8 males, 7 females), we
additionally monitored vigilance behaviour
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(bipedal postures). Locations were determined
either visually by scanning the area with binocu-
lars in the direction of the strongest signal, or
acoustically by reference to the animal’ s preced-
ing position. The individual bearings were trans-
formed into x-y coordinates of a 15-m grid over-
laying a 1:2000 field map. When a signa was
received from outside the study site, it was fol-
lowed on foot to check the location and state of
the tagged animal. Killswere observed either di-
rectly during radio-tracking sessions or indirect-
ly, when we recovered the radio collar and found
evidence for predation (carcass, intestines,
blood, etc.). Juvenilesthat disappeared after their
radio collars had been removed had left the field
site undetected, either actively as emigrants or
passively as prey. Kills and disappearances were
combined to nonsurvivors, if not mentioned oth-
erwise. We used two estimates of survival: 1. un-
til hibernation: juveniles known to be alive after
31 August (Millesi et a. 1999a), or 2. until the
following year: individuals recaptured after hi-
bernation.

We applied RANGES-V Software (Kenward
& Hodder 1996) to analyse locations and to cal-
culate locomotor attributes. We computed length
of line between an animal’ s natal burrow and its
location at specified times, and used this linear
distance in meters (m) as an estimate of ranging
behaviour. We related linear distances between
locations to the time span within they had been
covered, and thus calculated speed in meters per
hour (m/h), which served as an approximation of
mobility. As an average measure, its magnitude
was influenced by both continuous running
(temporal acceleration) and intermittent behav-
iour (deceleration). To examine developmental
variations in movement patterns and their inter-
actionswith sex-specific survival and behaviour,

we pooled individual data over 10-day periods
(decades) post emergence from the natal burrow.
Retreat into a burrow lowers predation risk even
if not intended as anti-predator behaviour. Hence
we regarded underground activity as predator
avoidance and quantified it with the number of
tracking intervals a focal individual was seen
aboveground. Vigilance was measured with the
number of observation intervals a focal animal
spent in bipedal postures. Data sets were ana-
lyzed with non-parametric and parametric statis-
tics, respectively, after performing Shapiro-Wilk
tests for data distributions. P-values are out-
comes of two-tailed tests.

Results

Most of the tagged juveniles were killed by
house cats, and less than a third survived their
first summer. Theremainders' fate was unknown
because their radio collars had been removed be-
fore they disappeared. Local survival of females
more than doubled the male percentage, and
>75% of the males were killed or disappeared
with unknown fate, but only half of the females
(table 1). Considering only juveniles with a
known fate, 67% of the males died compared to
45% of the females (x2=9.1, df=1, P<0.01).

At nineweeks of age (during decade 4 after lit-
ter emergence), juveniles started to depart from
their birth sites, travelling significantly farther
distances than before (figure 2). Subsequently
they either kept on with forays or shifted their
home ranges. The period following the logistic
incline (figure 2) coincided with the time of
monitored predations. All kills involved juve-
niles during decades 4—7 after natal emergence at
9-14.5 weeks of age.

Table 1. Fates of radio-tagged juvenile European sousliks until hibernation. A significantly higher percentage of

females than of males survived (x? =14.4, df=1, P<0.001).

Sample % survived (n) % killed (n) % disappeared (n)
Males 29 24.1(7) 48.3 (14) 27.6 (8)
Females 12 50.0 (6) 41.7 (5) 8.3(1)
Total 41 31.7 (13) 46.3 (19) 22.0(9)
Hoffmann et al. / Lutra2004 47 (2): 85-94 87
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Figure 2. Association between age (10-day intervals post emergence) of juvenile European sousliks and maxi-
mum distance from their natal burrows. Distances in decade 3 were shorter than in decades 4 (n=11, P=0.005,
Wilcoxon Z=-2.8), 5 (n=8, P=0.028, Z=-2.2) and 6 (n=7, P=0.028, Z=-2.2). During decade 7, juveniles travelled
farther than during decade 4 (n=8, P=0.025, Z=-2.2). Median (mdn) ranging behaviour as a function of time
(decades 1-7) is best fitted with alogistic regression (r20.99). Black symbolsindicate the timing of kills and the
preceding maximum distance. Data points from decades 1, 2 and 10 are derived from visua localisations.

The six directly observed predation incidents oc-
curred at amedian (mdn) distance of 110 m from
the natal burrow. This was significantly farther
than the average movements of eight juveniles
during decades 47 (mdn=38 m) that survived to
the following year (P=0.028, Mann-Whitney
U=7.0). Five of the six directly observed killsin-
volved males. We therefore could not test statis-
tically for sex-differential distances of fatal en-
counters; the female victim, however, was less
remote from the natal burrow (97 m) than the
males (mdn=123 m).

When we compared ranging behaviour of non-
survivors and survivors (last distance recorded
before predation, before transmitter removal or
in decade 7), we found sex-dependent differ-
ences (figure 3a). Males that survived had re-
mained more philopatric than nonsurviving
males, and marginally nearer to their natal bur-
row than nonsurviving females. There were no
other group differences in distances travelled
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(each P>0.11), in other words, survivorship
among females was independent of travel dis-
tance.

None of the tagged males departed from his
birthplace successfully to establish a new home
range. Two females, however, dispersed and sur-
vived, one even to reproductive maturity. For a
further investigation of the possible causes of
such sex-dependent vulnerability to predation,
we analysed speed, asit is the second dimension
of locomotion. The ontogenetic development of
mobility was comparable to that of ranging be-
haviour, but slightly less of the variation was ex-
plained by time (logistic regression; r2<0.93),
and hence, temporal effects were not as pro-
nounced (Friedman ANOVA: ns). The logistic
incline occurred from decades 2 (mdn=0.0) to 3
(x=20.0 m/h), implying that average running
speed increased earlier than travel distance and
remained on similar levels thereafter (=20.3—-
32.6 m/h). In contrast to ranging behaviour, we
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found sex differences in two stages. males
moved faster than females in decades 5 (20
males, X=37.3 m/h versus nine females, x=22.2
m/h; P=0.011, t=-2.7) and 7 (nine males, x=25.4
m/h versus six females, x=12.7 m/h; P=0.014,
t=-2.8).

Maximal travel speeds of juvenile European
sousliks during decades 47 after natal emer-
gence exceeded 500 m/h. Juveniles that were di-
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rectly observed to be killed had moved signifi-
cantly faster (x=262.4 m/h) than year-to-year
survivors in the critical time span ¥=115.8 m/h;
post-hoc LSD, P=0.009). The killed males had
travelled with an average maximum of 287.0
m/h, which was more than twice the maximal
speed of thefemalevictim (134.2 m/h). Analyses
of average mobility revealed consistent results:
during the critical time span (decade 4-7), killed
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and/or disappeared juveniles had been signifi-
cantly faster (x=34.3 m/h) than summer sur-
vivors (x=23.2 m/h; P=0.008, t=2.8). When we
took into account the sex (figure 3b), it turned
out that surviving females had moved the slow-
est. No speed difference was found among the
three rapid groups.

Note that results are somewhat reversed com-
pared to ranging behaviour (figure 3a), where
survival of males, but not of females was affect-
ed. In other words, surviving males had re-
mained philopatric, despite of moving faster than
surviving females, some of which dispersed. Fe-
males with male-like mobility werekilled or dis-
appeared, just like the males that departed from
their natal burrows. Consistent with these sex-
differential effects, we found no significant cor-
relations between our measures of distance and
speed (each P>0.14, each Spearman r<0.21),
except in nonsurviving males. This group mod-
erately decel erated with increasing distance from
the natal burrow (r =-0.475, P=0.025, n=22).

Anti-predator behaviour may influence both
vulnerability to predation and locomotion. We
therefore analysed surface activity and vigilance,
assuming that survivors allocated a greater por-
tion of their aboveground activity to bipedal pos-
tures than nonsurvivors. Of the 15 focal juve-
niles (eight males, seven females), seven were
killed (four males, three females), two disap-
peared (two males), and six survived until hiber-
nation (two males, four females). Vigilance be-
haviour of survival- and sex groups was not
significantly different. However, a correlative
approach revealed that the number of bipedal
postures increased with time all ocated to surface
activity (figure 4; r>0.89, P<0.0001). Correla
tions were stronger among females (r>0.90,
P=0.005) than among males (r =0.83, P=0.011),
and dlightly weaker in survivors (r>0.81,
P=0.050) than in nonsurvivors (r>0.84,
P=0.004). Linear regressions of bipeda vigi-
lance against surface activity (log scale) clarified
variations between two groups (figure 4): The
essential difference between nonsurviving males
and surviving females is reflected not in the
slopes, but in the intercepts, which arecloser to 0
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in the female (-1.16) than in the male (-3.42)
group. The regression line of male nonsurvivors
thus intersects the abscissa at a higher x-value
(more surface activity) than that of female sur-
vivors, corresponding to a smaller number of
bipeda postures in the male group. That is to
say, compared to nonsurviving males, surviving
femal es spent less time aboveground or allocated
more time to vigilance behaviour, both resulting
in lower travel speed when covering agiven dis-
tance.

Discussion

European sousliks started to expand or shift their
home ranges 3040 days post natal emergence at
about nine weeks of age. This timing coincides
with the definitive end of weaning (Huber et al.
2001), and matches the onset of natal dispersal
(the permanent departure of prereproductive in-
dividuals from their place of birth, Lidicker
1975) in many North American ground squirrel
species (Holekamp 1984a). Our results indicate
that the departure of juveniles from their natal
burrows involved an increased risk of predation
(figure 2), which depended on behaviour associ-
ated with locomation (figure 3). It is evident that
males were more vulnerable than females (table
1), which is also supported by sex differencesin
year-to-year survival of juveniles (Hoffmann et
a. 2003a). The relatively high proportion of un-
known fates (22.0%) might partly have been due
to undetected dispersal, but the fact that virtually
no immigration occurred during this study
(Hoffmann et al. 2003a) suggests that most of
the potential dispersers (88.9% male) were
killed. Increased male vulnerability to predation
isalso reflected in sex differencesin year-to-year
survival of juveniles (Hoffmann et a. 2003a).
Sex-specific comparisons of distance and speed
were significant on ahigher level when based on
year-to-year instead of summer survival, indicat-
ing continued mal e-biased mortality after the on-
set of hibernation. Sex-differential predation
pressureis also supported by findings on adrenal
activity of yearling males, which suggest an in-
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creased stress response (Millesi et al. 2005),
maybe due to both carryover effects from the
preceding year and current hazards. Consistent-
ly, juvenile mae arctic ground squirrels
(Spermophilusparryii plesius) showed endocrine
characteristics indicative of a prolonged period
of stressin mid-August (Boonstra et al. 2001).
Surprisingly, distance from the natal burrow
did not depend on sex (figure 3a). Thisfindingis
in contrast to North American ground squirrels
(Dobson 1981, Waterman 1986, Holekamp &
Sherman 1989, Byrom & Krebs 1999). The mag-
nitude of the observed ranges (figure 2, figure
3a) was smaller than those reported for dispers-
ing juvenile Spermophilus columbianus (Wig-
gett & Boag 1989, Wiggett & Boag 1993). No
tagged squirrel, including individuals that de-
parted from the central study site, actively left
the 8-ha recreation area, which is surrounded by
suburban terrace houses. We propose that disper-
sal beyond the monitored distances wasinhibited
by extrinsic factors like predation (this study)
and landscape fragmentation (Hoffmann et al.
2003b). Thus potential sex differencesin disper-
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sal distance might have been concealed.

Our results indicate that the sex-differential
mortality (table 1) and hence, the female bias
among yearlings (Millesi et al. 1999a, Hoffmann
et al. 2003a) were mediated by concurrent be-
haviour interacting with locomotion. Kenagy &
Hoyt (1989) suggested that golden-mantled
ground squirrels (Spermophilus saturatus) run
fast to reduce exposure to predation. In European
sousliks, surviving males were faster than sur-
viving females, but nonetheless both moved
slower than nonsurvivors. The maximum speed
recorded in our study (553 m/h, equivalent to 9.2
m/s) was higher than what has been reported for
nonjuvenile members of European souslik and
other Spermophilus speci es except Spermophilus
leptodactylus (Trombulak 1989). In Spermo-
philus beldingi, natal dispersal was temporally
correlated with high levels of locomotor and ex-
ploratory activity, and after having escaped into
a burrow, males reappeared more rapidly than
did females at four to ten weeks of age
(Holekamp 1984&). Time allocated to anti-
predator behaviour (bipedal postures and/or
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retreat into a burrow) instead of locomotion evi-
dently affects mobility and hence, running speed
is accelerated when vigilance and predator
avoidance are reduced (cf. Ydenberg & Dill
1986). Male European sousliks werelessvigilant
than females while spending the same or even
more time aboveground, indicating an un-
favourable trade-off in surface activity allocated
to vigilance and locomation. Only two of the fo-
cal males were known to be alive shortly before
hibernation, one of which had been extremely
vigilant. Females apparently pursued one of two
different strategies: they either minimised sur-
face activity, vigilance thus becoming negligi-
ble, or when aboveground more often, they alo-
cated a considerable amount of time to bipedal
postures, resulting in low travel speed. Among
thekilled females, one behaved male-likein alo-
cating too little time to bipedal postures, the oth-
er two died despite of following each of the fe-
male strategies. The second strategy could
explain the difference between surviving and
nonsurviving females in proportional surface ac-
tivity as an observation bias; among the total of
tagged females, survivors supposedly were
bipedal more often, resulting in better visibility
than nonsurvivors. Philopatric male European
soudlikswere familiar with the burrow systemsin
their surroundings and presumably still associat-
ed with some of their kin. Due to the dilution &f-
fect (Dehn 1990) and nepotistic vigilance of their
kinship group (Desportes et a. 1991, Hoffmann
1995), reduced anti-predator behaviour was not
as detrimental as for males departing from their
birth site. Nonsurviving females had apparently
behaved like males, moving as fast as the dis-
persers and marginaly farther than the
philopatrics. It is probable that they reduced vigi-
lance in favour of speed while leaving their natal
site. Fifty percent of the females obvioudly ac-
complished a beneficial trade-off in time aloca-
tion between locomotor activity and anti-predator
behaviour, and survived even when dispersing.
We conclude that in European soudliks, likein
many other small mammal species, sexually di-
morphic losses can be associated differentialy
with time allocation to conflicting behaviours
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during aboveground activity (Holekamp 1984b,
Wiggett & Boag 1989). Why males tend to per-
form an unfavourable trade-off between vigi-
lance and mobility remains to be investigated. A
hormonal approach might help to settle this is-
sue: during this study all yearling males were re-
productively mature (Hoffmann et al. 2003a).
Thusit islikely that the onset of male puberty is
already initiated during the juvenile summer, co-
inciding with elevated testosterone levels. These
in turn might both mediate dispersal (Nunes et
a. 1999) and stimulate quick and unwary loco-
motion. Further analyses of endocrine aspects
arerequired to elucidate the proximate causes of
the sex difference in juvenile mortality.
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Samenvatting

Waar om lopen bij juveniele siesels
(Spermophilus citellus) mannetjes een groter
predatie-risico dan vrouwtjes?

Het verlaten van bekend terrein leidt, naar men
aanneemt, tot een verhoogde kans op predatie.
Toch worden bewegingspatronen en mortaliteit
zelden direct waargenomen. Om die reden on-
derzochten we de bewegingen en de activi-
teit van 41 juveniele siesels (Spermophilus citel -
lus) in relatie tot hun individuele lot. We on-
derzochten of het mortaliteitsrisico toenam met
de afstand tot het geboorteburcht, en we probeer-
den ook sekse-specifieke verschillen in de be-
wegingspatronen en het anti-predatiegedrag te
vinden die zouden kunnen verklaren waarom
er een sexeratio ten gunste van de vrouwtjes
bestaat bij niet-juveniele dieren. In een 4 ha

groot recreatiegebied ten noorden van Wenen
(Oostenrijk) werden gedurende drie jaar ge-
speende juvenielen voorzien van radiozenders.
Bijna 76% van de gemerkte dieren werd gedood
door katten of verdween met onbekend lot.
Slechts twee vrouwtjes (5%) overleefden de
natal e dispersie van hun geboortegrond met suc-
ces. Het overlevingspercentage van vrouwtjes
was meer dan twee keer zo hoog als dat van de
mannetjes en was onafhankelijk van de afstand
tot de geboorteburcht, terwijl de meeste overle-
vende mannetjes hun geboortegrond trouw ble-
ven. De belangrijkste vondst van dit onderzoek
was dat niet-overlevende juveniele dieren zich
sneller hadden verplaatst dan overlevende die-
ren, met snelheden die resulteerden in een per
sekse verschillende mortaliteit. Mannetjes nei-
gen zich sneller te verplaatsen dan vrouwtjes en
daarmee een groter risico te lopen op predatie
wanneer ze zich op afstand van hun geboorte-
burcht bevinden. Verdere analyse van gedrag le-
verde sterke aanwijzingen dat de grotere sterfte
onder mannetjes veroorzagkt zou kunnen zijn
door een per sekse verschillende tijdsbesteding
in het vermijden van predatoren en waakzaam-
heid. Wij concluderen dat onder jonge siesels,
mannetjes een ongunstige balans kiezen tussen
verplaatsing en waakzaamheid bij activiteit aan
de oppervlakte.
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The European soudlik in the natural light-dark cycle:
what isthe signal for afternoon retreat?

Kamiel Spoelstra, Roelof A. Hut, Arjen M. Strijkstra & Serge Daan

Department of Animal Behaviour, University of Groningen, P.O. Box 14, NL-9751 NN Haren,
The Netherlands, e-mail: K.Spoelstra@rug.nl

Abstract: European sousliks (Spermophilus citellus) are strictly diurnal with avery precise daily activity rhythm
in field conditions. This activity rhythm is regulated by the internal biological clock which in turn is synchroni-
zed by the natural light/dark cycle (entrainment). Due to their regular retreats into the darkness of their burrows,
fast light intensity changes in natural light cannot be used for resetting of their biological clock. Careful analysis
of retreat behaviour at the end of the day shows that neither a specific light intensity level nor a specific light in-
tensity decrease can explain the day-to-day variationsin the timing of retreat. If ageneral decreasein light inten-
sity isa signal indeed, its effect must be phase dependent since a light intensity decrease by the solar eclipse on
August 11, 1999, in the middle of the day failed to induce retreat behaviour.

Keywords: Spermophilus citellus, European souslik, entrainment, behaviour, solar eclipse, light intensity, tele-

metry.

Introduction

European sousliks (Spermophilus citellus) in
their natural habitat emerge from their burrows
around four hours after twilight at dawn and dis-
appear around three hours before twilight at dusk
(Evertset al. 2004). This posesa problem for cir-
cadian entrainment. They might see the dusk and
dawn transitions if they would observe the out-
side light from the entrance of their burrows.
This is, however, prevented by the complete
blocks the sousliks make in their entrance tun-
nels after their last afternoon retreat (Hut &
Scharff 1998). Entrainment to daily temperature
fluctuations can be excluded since they are ab-
sent in the burrows underground (Hut et al.
1999a). The largest temperature changes are in-
duced by emergence and retreat itself. In addi-
tion, temperature cycles have shown to be unre-
liable as a Zeitgeber for squirrels (Pohl 1998,
Rgjaratnam & Redman 1998) and for sousliks
(Hut et al. 1999a).

Due to late emergence and early retreat, the

© 2004 Vereniging voor Zoogdierkunde en Zoog-
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most precise signals indicating the time of day,
the fast changes in light intensity during dawn
and dusk twilight, are not available for synchro-
nization of their circadian system. Sousliks
might, however, respond to the very slow after-
noon decrease in light intensity related to the
gradual decrease in the sun’s azimuth above the
horizon rather than its disappearance under the
horizon. If they would respond to this decrease
by retreating into the darkness underground (Hut
et al. 1999b), they would generate a secondary
lights-off signal, to be used for entrainment of
their endogenous circadian clock. In this study
we closely studied properties in the afternoon
light decrease and phase dependent sensitivity
for natural light decrease.

Methods

Afternoon light decrease

Four male and five femae soudiks were main-
tained in an outdoor enclosure in Haren, The
Netherlands (53°10° N, 6°36° E). They were
equipped with light sensitive radio-transmitter

collars (Televilt, International AB, Lindesberg,
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Sweden; see Hut et al. 1999b) from March 16 to
October 29, 1996. The presence above ground
was indicated by the pulse interval of the trans-
mitter signals. The transmitter generated a radio-
pulse signa of 1 Hz when the collar sensor was
exposed to alight intensity of morethan 0.03 Lux,
and a pulse signal of 2 Hz when the collar sensor
received less than 0.03 Lux. Signals of individual
soudiks could be identified by frequency. All
transmitter signals were received and stored in 2-
minute intervals by a receiver (Televilt, RX900-
C). From the entire course of these recordings, al
individual retreats (66 in total) on precipitation-
free days were selected. Concurrent light intensi-
ty measurements in 60-minute intervals were ob-
tained from Groningen airport Eelde, at 6-km
distance. We determined daily light intensity
(W=m?) and rate of change in light intensity
(W=m2s?) at the precise time of each soudik’s
final afternoon retreat in its burrow.

Solar eclipse

We exploited the solar eclipse of August 11,
1999, to test whether sousliks respond to a de-
crease in light intensity independently of circadi-
an phase. This was done in afield population of
European soudiks near Vienna, Austria (48°18'

N, 16°22' E) (Millesi et al. 1999). At thislocation
the moon covered 99% of the sun’sdisk at 12:46
hlocal time. On August 10, 11 and 12, we record-
ed the number of sousliks above ground every 5
minutes in a 1-ha focal area, from circa 06:00 h
until circa 20:00 h. Light intensity was measured
every 10 minutes, around the partial solar eclipse
data were recorded every single minute. To vali-
date visual observations, on August 9 five sous-
liks were equipped with light-sensitive radio-
transmitter collars as described above. Their
presence above ground during August 10-12 was
recorded every 10 minutes, and every single
minute around the time of the eclipse. Theresults
of the solar eclipse study have been published
elsewhere (Spoelstra et al. 2000).

Results
Afternoon light decrease

Figure 1 showsthetiming of al 66 retreatsrecord-
ed and the corresponding curves of de
clining light intensity in the afternoon. For
al animals, retreat occurred within a range of
2 log units. This does not impress as a con-
stant light intensity. However, if one looks at

Log radiation (Wxm-2)

Figure 1. Daily curves de-

scribing radiation and the 0 T

times of soudlik afternoon 7 6

retreat in their burrows
(dots).
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Figure 2. Occurrence of
average retreat light inten-
sity (78 Wxm?) and aver-
age retreat time (in hours
before sunset) for each
subjective day. Dashed
line: y = x (if animals on
average would retreat ex-
actly at average retreat
light intensity).
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figure 1 in more detail, it appears as though
the earliest retreats occurred at light intensi-
ties that were at least sub-maximal, while the
latest retreatstend to be seen on the brightest days.

We further analysed this by first calculating
the average light intensity at the time of after-
noon retreat (78 W+m?). Then we plotted retreat
time against the time at which thislight intensity
was reached on the same day (figure 2). Al-

though thetiming of 78 Wxm?is not the only de-
terminant of retreat, the later thisintensity occurs
the later the animals retreat into their burrows
(P=0.017).

It might also be that the sousliks wait for a par-
ticular rate of change of the light intensity to
make their final afternoon retreat. To determine
whether there is such a specific decline in light
intensity that triggers the afternoon retreat,

0.8

-1.6

Figure 3. Average decline
inlight intensity of all sub-
jective days (xSD, solid

Slope radiation curve (log Wsm=2xh-1)

Time (hours before sunset)
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line) and moments of re-
treat (dots) with corre-
sponding momentary de-
clinein light intensity.

T T
1 sunset

97



Figure 4. Number of sous- 10/8/1999 S
liks active above ground 30 4 - 10
(grey bars) and concurrent
light intensity (thin black 20 4 ain L 104
line), observed inal-hafo- - —
cal area in a population 10 7
near Vienna, Austria 0 no data - 10°
Thick horizontal lines indi- ke o=
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we plotted the actual times of retreat along
with the light intensity decrease (figure 3, which
also shows the average values for the rate of de-
crease starting five hours before sunset). We
conclude from figure 3 that there is no associa-
tion of the final retreat with light intensity de-
cline, since afternoon retreats are distributed be-
tween intensity decreases ranging from 0.2to 1.1
Wsmzht,

Solar eclipse

During the three observation days, light intensity
was 24 10°-37+10° Lux at the appearance of the
first soudlik above ground, and 20x10°-27+10°
Lux when the last animal retreated, as reported
by Spoelstraet a. (2000) (figure 4). Rain aways
suppressed aboveground activity, and persistent
rain on August 10 precluded data acquisition
from 16:20 h onwards. The sky was clear during
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the partial solar eclipse. Light intensity before
the eclipse (11:16 h-11:46 h) was circa 110« 10°
Lux and dropped more than 2 log units to 1039
Lux at 12:46 h. From 12:16 hto 13:16 h on aver-
age 16.3 animal s were active above ground. This
number was similar to either the hour before
(15.4) or the hour after the eclipse (16.4).

Four of the sousliks equipped with radio-trans-
mitters were above ground for most (156-160
minutes, 20 minutes absence by rain) of a three-
hour period around the eclipse. The remaining an-
imal was underground for two brief episodes of 21
and 12 minutes, i.e., it behaved indistinguishably
from its activity pattern during the other days.

Conclusion

The afternoon retreat data indicate that neither a
specific light intensity nor a specific rate of light

Sooelstra et al. / Lutra2004 47 (2): 95-100



Photograph: Kamiel Spoelstra.

intensity decrease solely determine the timing of
the soudliks' afternoon retreat in their burrows. If
a combination of both is responsible for the tim-
ing of the afternoon retreat, the response to this
signal is apparently circadian phase dependent.
This conclusion is based on an experiment under
natural conditionswith asolar eclipse around the
middle of the day, where low levels of light in-
tensity (well below levels normally perceived at
the end of activity) and sharp rates of light inten-
sity decrease failed to induce retreat behaviour.
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Smalwieser for their practical and logistic support.
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Samenvatting

De Europese siesel in de natuurlijkelicht-
donkercylcus: wat is het signaal voor
terugtrekking in de middag?

Siesels (Spermophilus citellus) zijn uitsuitend
dagactief en hebben een zeer precieze timing van
hun gedrag. Dit wordt geregeld door de interne
circadiane pacemaker die wordt gesynchroni-
seerd door de natuurlijkelicht-donkercyclus (‘en-
trainment’). Deze synchronisatie kan niet plaats-
vinden aan de hand van snelle veranderingen in
lichtintensiteit, omdat deze onregelmatig voorko-
men doordat siesels zich overdag vaak terugtrek-
ken in de duisternis van het ondergrondse hal.

Deze studie analyseert de lichtcondities op het

moment dat de siesels stopten met hun dagelijk-
se activiteit en tot de volgende ochtend onder de
grond bleven. Een specifieke lichtintensiteit
noch een specifieke snelheid in afname van deze
lichtintensiteit blijkt hiervoor het signaal te zijn.
Als het zo is dat een afname van lichtintensiteit
in het algemeen een signaal is om voor de rest
van de dag te stoppen met bovengrondse activi-
teit, dan is deze bovendien afhankelijk van de
circadiane fase.
De sterke afname van het daglicht door de zons-
verduistering van 11 augustus 1999 middenin de
activiteitsperiode had geen effect op het activi-
teitspatroon en het circadiane ritme van de sie-
sels.
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Thehistorical and current distribution of the Iberian
population of the European mink (Mustela lutreola)
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Abstract: Asmost records of the European mink (Mustela lutreola) in the Iberian Peninsula have been published
in local papers or remain as unpublished reports, it is difficult to determine its current distribution and to assess
historical changesin itsdistribution. In this paper, we analyse data on the distribution of the European mink in the
Iberian Peninsula. We conclude that the European mink most probably colonised the Iberian Peninsulain the late
1940's. Sinceit wasfirst reported, the European mink has been slowly but steadily expanding its range across the
northern Iberian Peninsula, mainly southwards but recently also eastwards and, possibly, westwards. Possible ex-
planations for the assumed expansion are briefly discussed.

Keywords: European mink, Mustela lutreola, changes in distribution, Iberian Peninsula.

Introduction

The European mink (Mustela lutreola) isaripar-
ian mustelid native to the European continent
that once inhabited a large part of Europe
(Youngman 1982). During the second half of the
20th century its distribution range shrank severe-
ly, and minks disappeared from most of their
range (Youngman 1982, Maran & Henttonen
1985, Romanowsky 1990, Maran et a. 1998b,
Sidorovich 2000). As a result of this decline,
there are three major population nuclei nowa
days. one in the north (Maran & Henttonen
1985, Tumanov 1992), one in the east (Kranz et
a. 2003), and onein the west.

In the northern and eastern parts of their range
minks have disappeared from most countries
over the last decades, and populations continue
to decline in areas where they are still present
(Maran & Henttonen 1985, Maran et al. 1998b).
Evenif no single factor has been identified asre-
sponsible for the decline, recent studies point to
competition from the American mink (Mustela
vison) as responsible for the decline of its Euro-

pean counterpart, at least in some regions
(Maran et a. 1998a, Maran et a. 1998b,
Sidorovich 2000, Sidorovich et al. 2000).

The situation is quite different for the western
population. Minks disappeared from Brittany
and Pays de Loire (France) in the 20 years to
1997 (Lodé et a. 2001). Nowadays, the Euro-
pean mink still occupies the south of the country,
approximately half of the area occupied previ-
ously. The underlying cause of the decline seems
to be anthropic pressure upon the species (Maiz-
eret et al. 1998, Lodé et a. 2001). The situation
of the southwestern population isinteresting, be-
cause the species seems to be expanding south-
wards, although data are inconclusive (Maran &
Henttonen 1985, Palazén & Ruiz-Olmo 1992,
Torres & Zuberogoitia 1997, Macdonald et al.
2002). Most studies on the status and distribution
of the European mink in the Iberian Peninsula
focus on small regions, are published in local
journals or remain as unpublished reports.
Therefore, the current distribution, status and
trends are difficult to assess. Thishasled to con-
fusion, and in some cases to misunderstandings

© 2004 Vereniging voor Zoogdierkunde en Zoog-
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both in local and international publications, with
some papers presenting incorrect data.

In this paper we review the available informa-
tion on the European mink in the Iberian Penin-
sula. The aim of the paper is to assess distribu-
tional changes, population trends, and the origin
of the European mink in the Iberian Peninsula.
Two aternative hypotheses are considered: 1.
the European mink reached the Iberian Peninsu-
lain the 20th century, and 2. it has always been
part of the Iberian fauna, but went unnoticed un-
til the last century, when increased interest
among researchers prompted the collection of
new records.

Materials and methods

This study draws on data from the northern I ber-
ian Peninsula (figure 1). In the regions of Biscay,
Gipuzkoa, Cantabria and northwestern Navarre,
the climate is oceanic. Annual rainfall ranges be-
tween 1200 and 2200 mm, winters are mild and

there is no aestival drought. In these regions
streams are short, small and fast flowing, run-
ning into the Bay of Biscay (Flores 1989, Walter
1997).

The climate of the more southern regions (So-
ria, Rioja and Southern Navarre, and Burgos) is
Mediterranean. Winters are rainy and summers
dry, and there is amarked contrast between win-
ter and summer temperatures. In this area
streams run towards two majors rivers: the Ebro,
which flows eastwards to the M editerranean Sea,
and the Duero, which flows westwards to the At-
lantic Ocean. Some small streams may disappear
due to the summer drought (Walter 1997).

We consulted atotal of 22 works dealing with
the distribution of European mink in the Iberian
Peninsula, mostly international and local papers
or books not widely available. Consulted works
were: Rodriguez de Ondarra (1955), Puente
(1956), Rodriguez de Ondarra (1963), Blas Ari-
tio (1970), Senosiain & Donazar (1983), Castién
& Mendiola (1985), Ruiz-Olmo & Palazén
(1990), Palazén & Ruiz-Olmo (1992), Palazon
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Figure 1. Map of the study areaincluding the major rivers. 1 Biscay, 2 Gipuzkoa, 3 Araba and 4 Cantabria.
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Figure 2. First record
dates of European mink
in different areas of the
northern Iberian Penin-
sula.

(1993), lllana (1994), Torres & Zuberogoitia
(1996), Arambarri et a. (1997), Palazon & Ruiz-
Olmo (1997), Torres & Zuberogoitia (1997),
Ahiartza et al. (1999), Belamendia (2001), Cefia
et a. (2001), Gonzaez-Estaeban et a. (2001),
Zabala et a. (2001), Zuberogoitia et al. (2001),
Palazdn et a. (2002), Zabala & Zuberogoitia
(20033).

These papers deal with different areas, focus at
different scales, and often use different methods.
Therefore, the discussion is coarse-grained in or-
der to provide a general overview. We evauated
the reliability of each paper in relation to the
methods used and the effort made to detect the
species (table 1). Works were thoroughly re-
viewed and only those based on live-trapping
data, road kills, triggered cameras or techniques
that involve the handling of the animal, or pro-
vide secure proof of its presence were considered.
Works based on observations were only consid-
ered when made by professional researchers or
well known naturalists. A few other works not
considered reliable, are discussed separately.

Zabala et al. / Lutra2004 47 (2): 101-112

Results

The first data on European minks in the Iberian
Peninsula date back to 1951 (Rodriguez de On-
darra 1955). The author provides data about
three European minks captured in 1951 and 1952
at two locations in Gipuzkoa (figure 2). Puente
(1956) subsequently reports on the presence of
the species in the nearby region of Araba. In

Table 1. Reliahility of different types of data.

Data source Reliability

Trapping data Reliable

Photographic data Reliable

Road kills, hunted or

stuffed animals Reliable

Observations and

presence reports Depending on source:

Scientists/ renowned naturalists:
reliable
Others: not reliable

Inquests Not reliable

Indirect reports (not

from the author) Not reliable
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Figure 3. Location of the data provided by Ruiz-Olmo & Palazon (1990) and Palazén & Ruiz-Olmo (1992) for

Catalonia.

1963, new locations in Gipuzkoa and Araba are
identified, as well as the first data from two oth-
er locations in Biscay and one in Navarre, near
the border with Gipuzkoa (Rodriguez de Ondar-
ra 1963). Senosiain and Donazar (1983) confirm
the southerly spread of the species into Navarre,
based on road-kills between 1977 and 1982.
Castién and Mendiola (1985) report the presence
of the populations in Gipuzkoa, eastern Biscay
and central Araba. The presence of European
minks in these areas has been subsequently con-
firmed by several authors (Palazén & Ruiz-Ol-
mo 1992, Palazén 1993, Illana 1994, Arambarri
etal. 1997, Aihartzaet al. 1999, Ceflaet al. 2001,
Gonzélez-Esteban et al. 2001, Zabalaet a. 2001,
Zuberogoitia et al. 2001, Zabala & Zuberogoitia
2003a). Blas Aritio (1970) reports European
minks in western Cantabria, based on indirect
data from trappers.

In the 1990s, Palazén and Ruiz-Olmo (1992)
report new European mink locations in Navarre,
indicating a southerly range expansion, towards
the Ebro River. Palazon (1993) shows similar re-
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sults for the mink population in central Araba.
By 1997, the presence of European mink in large
areas of the Ebro River and La Rioja is docu-
mented (Torres & Zuberogoitia 1996, Arambarri
et al. 1997, Palazén & Ruiz-Olmo 1997). Before
1994 the species was unknown in La Rioja, but
during this year a trapping study revealed the
presence of the species in the area (Torres &
Zuberogoitia 1996). A few years later, road kills
and illegally shot individuals were al so reported
(Torres & Zuberogoitia 1996). The latest results
show higher densities at those sites where the
minks were first trapped (Cefia 2003).

At the same time, in 1990 there is a single
record of minks in Catalonia in the Ebro Delta
(Ruiz-Olmo & Palazon 1990) (figure 3), and in
1992 there were another two possible records
from that area, one of which is doubtful (Palazén
& Ruiz-Olmo 1992). This record is located far
from the European mink’s distribution area and
has not been explained or subsequently con-
firmed. The authors speculate about a possible
long distance migration of a single mink or of

Zabala et al. / Lutra2004 47 (2): 101-112



some individuals (Ruiz-Olmo & Palazén 1990).

Finally, by 1999 the presence of the European
mink in Burgos and northern Soria as well asthe
first data from the catchment of the Duero river
were reported (Palazon et al. 2002).

Discussion

Did European mink colonisethe I berian
Peninsula?

Although there is no scientific basis to reject
either of our hypotheses on the historical dis-
tribution of European mink in the Iberian Penin-
sula, the information available suggests that the
species first reached the Iberian Peninsula
around 1950.

There are no records of European minksin the
area before 1951, even though commercially
valuable furbearers are among the first speciesto
be recognised by local hunters, trappers and nat-
uralists (Youngman 1982). Although there are
no statistics available on the intensity of trapping
inthe past, it isknown that it was quite common,
practised not only by trappers but also by farm-
ers, who regard most mustelids as pests. Indeed,
the first European mink found in the study area
was captured by afur trapper who, not recognis-
ing the species, submitted it to naturalists for
identification. It turned out to be unknown to
naturalists as well (J. Elosegi, persona commu-
nication). Subsequent reports of European minks
are based on trapped and hunted individuals (Ro-
driguez de Ondarra 1955, Rodriguez de Ondarra
1963, Puente 1956, Blas Aritio 1970, Senosiain
& Donazar 1983). In thisway, Rodriguez de On-
darra (1963) gathered data on more than 35
minks captured between 1951 and 1958 in the
Basque Country, athough this probably ac-
counts for only a small part of the total number
of animals caught.

Nowadays, road kills are amajor source of in-
formation (see Belamendia 2001, Maizeret et al.
2002, Zabala & Zuberogoitia 2003a). There are,
however, no records on road kills from the study
area before 1951, nor are there any known fur or

Zabala et al. / Lutra2004 47 (2): 101-112

cranial samples of European mink from that pe-
riod. Moreover, during the late 19th and the ear-
ly 20th centuries the Iberian fauna attracted the
attention of several naturalists who described
many subspecies for the Iberian Peninsula, in-
cluding subspecies of stoats (Mustela erminea)
(two), weasels (Mustela nivalis) (two), polecat
(Mustela putorius) (one), stone marten (Martes
foina) (one), and several small mammals (see
Garcia-Perea & Gisbert 1997). Thus, itisunlike-
ly that the European mink went unnoticed. Be-
sides, changes in the knowledge of the distribu-
tion of the species show a consistent pattern of
south-westerly expansion accompanied by an
extinction front to the east and north (see figure
4). Therefore, we support the contention of most
authors that the European mink reached the Iber-
ian Peninsula in the late 1940s (Rodriguez de
Ondarra 1955, Youngman 1982, Senosiain &
Donazar 1983, Aihartza et al. 1999, Zabaa &
Zuberogoitia 2003b). In addition, based on the
same reasons and given the increased fieldwork
effort from the 1990s onwards, we assume that
the first records of the species, approximately,
coincide with the colonisation of new aress.

Indications of an expanding population

The European mink has been slowly but steadily
expanding southwards from the time that it was
first identified in Spain in 1951 (Rodriguez de
Ondarra 1955) (figure 2). Thereis aso evidence
of an eastward expansion through the colonisa-
tion of the Ebro River tributaries (Senosiain &
Donazar 1983, Palaz6n & Ruiz-Olmo 1992,
Palazon & Ruiz-Olmo 1997). The European
mink initially seemed to have reached itswestern
distribution limit by 1963 (Rodriguez de Ondar-
ra 1963), but more recently there are indications
of afurther westward expansion (Zuberogoitia et
al. 2001, Zabala & Zuberogoitia 2003a). Despite
the introgression of some American mink popu-
lations (Cefia et al. 2001, Zuberogoitia et a.
2001, Palazon et al. 2002), the presence of Euro-
pean minks has been confirmed at large spatial
scales. Interestingly, the authors found a road
killed European mink at Burgos in the summer
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Figure 4. Distributional changes of European mink. Black areas indicate the known European mink presence,
shaded areas indicate where mink was recorded as rare or disappearing at that time. Maps have been built after
Y oungman (1982), Saint-Girons (1994), Lodé et al. (2001), Maizeret et al. (2002), Palazén et al. (2002), and Za-

bala & Zuberogoitia (2003a).

of 2004 (figure 2), in an area where the species
had not been previously detected, despite trap-
ping having been conducted there (for the latest
map on the species’ distribution see Palazdn et
al. 2002).

Theonly outlier in thisdistributional patternis
the record from Catalonia reported by Ruiz-Ol-
mo & Palazén (1990), which is some 400 km
away from the current known distribution area.
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Bowman et al. (2002) suggest that the dispersal
distance of mammalsisisometric to thelinear di-
mension of their home range multiplied by a
constant that ranges from 7 to 40. The home
ranges of male European minksin the study area
are about 13 km long (Garin et al. 2002), which
would, according to the model of Bowman et al.
(2002), enable dispersion distances of 91-520
km. This model does provide an explanation of
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the seemingly large gap between the main areas
and the Catal onian observation, a possibility that
is noted by Ruiz-Olmo and Palazén (1990) and
Palazén and Ruiz-Olmo (1997).

Another problem regarding the distribution is
the presence of European minksin Cantabriare-
ported by Blas Aritio (1970). Trappers from that
arearecorded two types of polecat. One of these,
was considered by Blas Aritio (1970) to be aEu-
ropean mink, had a darker coat. However, since
the presence of minks there has not been con-
firmed by captures, road kills or examination of
old material, and since the author based his con-
clusions on indirect reports of trappers, we do
not consider these records as reliable. Polecats
areknown to have adark phenotype, that is often
confused with that of the European mink (Lodé
et a. 2001) and which seems to be common in
the north of the Iberian Peninsula (Zuberogoitia
et al. 2001).

Recent genetic research, which included popu-
lations from Southwestern Europe, found very
low intra-specific genetic variability in mtDNA
for European minks, which is consistent with the
hypothesis of an expanding population (Michaux
et al. 2004). Moreover, thereis hardly any genet-
ic variation between European minks from
France and Spain, suggesting that the population
was established by afew individuals, and possi-
bly even by a single female (Michaux et al.
2004). However, an early Holocene origin is al-
so possible, with some long distance migrants
from a refugium establishing the population
(Michaux et al. 2004). Studies based on mtDNA
and microsatellites also show that the genetic
variability between the European mink popula
tions from France and Spain is negligible, the
most probable explanation being a severe bottle-
neck, or the consequence of a founder effect.
This is consistent with the probable absence of
minksin the area before the 19th century (Cabria
et a. 2003, Gémez-Moliner et al. 2003).

The colonisation of the Iberian Peninsula in
the late 1940swould al so coincide with, and pos-
sibly be a consequence of, a period of high pop-
ulation density in neighbouring France, judging
from the large number of specimens deposited in
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museums in France during that time (Y oungman
1982).

Possible explanations

How can we explain the recorded population ex-
pansion in the I berian Peninsula? Factors limiting
aspecies distribution may be abiotic or bictic. It
is difficult to identify one single abiotic factor re-
sponsible for the distribution, current or past, or
for any changes in distribution. Indeed, the Euro-
pean mink is currently distributed across the Eu-
rosiberian and Mediterranean biogeographical
areas of Europe, areas with very different climate
conditions (Walter 1997, Palazédn et al. 2002).

Biotic factors also vary. Competition with the
American mink is suggested as the cause for the
decline in Eastern Europe (Macdonald et al.
2002), yet the most likely underlying cause in
France seems to be anthropic pressure upon the
species, specificaly, the conjunction of intensive
trapping, ateration of water quality, and habitat
modification (Lodé et al. 2001, Lodé 2002). In
addition interspecific relationships with polecat
have been proposed, based on experiments con-
ducted in captivity (Schropfer et al. 2001). We
will discuss the possible role of these factors for
the distributional changesin our study area here.

Water quality. Dataon water quality are scarce
in the study area. It seems that there has been a
dlight improvement over the last few years, at
least in some areas, and there are some policies
favouring the use of natural fertilisers and regu-
lating the use of pesticides, which could favour
the presence of minksin somerivers. Since these
have only been implemented just recently, it is
unlikely that they could had a significant bearing
in explaining the apparent recent expansion of
minks (Anonymous 2000, Anonymous 2001,
Arluziaga 2002, Anonymous 2003).

Habitat modification due to land use changes.
Changes in landscape and land use are known to
influence the distribution of predators, especially
of habitat specialistslike the European mink, and
intensification of agricultural practices is sup-
posed to be one of the reasonsfor its historic and
current decline (Lodé et al. 2001, Macdonald et
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a 2002, Robinson & Sutherland 2002, Schadt et
a. 2002). In the Basgue Country, agricultural
practices have experienced a severe regression,
especially during the 1980s and 1990s, in favour
of forest cultures that currently occupy 54% of
the area (Anonymous 2001). However, in astudy
on the habitat selection of the European mink
conducted in the Basque Country, minks were
found to avoid forests and forest cultures, prefer-
ring meadows and small orchards (Zabala et al.
2003). In La Riogja, trends in land use changes
over the past decade are less clear-cut. There has
been an expansion of agricultural lands and for-
est cultures since 1996 (by 2% and 16% respec-
tively), while meadows have declined by 23% of
their previous area (Anonymous 2000). In
Navarre, only minor changes took place. From
1991 to 2000, agricultural areas have been re-
duced by 4%, meadows and pastures experi-
enced a decline of 9%, and forest cultures ex-
panded by 1% (Anonymous 2003). The overall
pattern in land use varies among areas (table 2),
and its possible influence in the assumed expan-
sion of minksis difficult to assess. However, in
areas where expansion seems to have occurred
over the last decade, like Navarre and La Rioja,
changes in land use are relatively insignificant.
The only exception could be the reduction of
pastures and meadows in La Rioja area (Anony-
mous 2000), but no study has pointed out possi-
ble benefits of the reduction of this habitat for
the European mink. The few studies conducted
hitherto on the habitat selection of the European
mink stress the importance of riverbank struc-
tures such as bramble thickets (Zabala et al.
2003, Zabala & Zuberogoitia 2003c). Some
changesin agricultural practices and intensity as
a result of the abandonment of rural areas over
the last decades, may be an important factor
favouring the expansion of the European minks

in the Iberian Peninsula. Moreover, riverbank
protection policies have been developed, with
different intensity in different areas, which could
also affect the expansion of European minks.
Another practice the importance of which is dif-
ficult to assess, but which undoubtedly has had
an effect, is areduction in the indiscriminate use
of poisons, which was also common in the past.
This has aso been pointed out as an important
factor influencing the current distribution of
some carnivores in the area (Aihartza et a.
1999). The law 4/1989 of the 27th of March of
1989 forbade these practices, and it is noticeable
that, for instance in Araba, since 1988 there are
no records of kill-trapped individuals (Arambar-
ri et a. 1997). Evenif thislast factor is not suffi-
cient to explain an expansion, itislikely, to have
had some beneficial effects for the species.
Interspecific relations. Last, but not least, in-
tragild effects should be considered. There are
some American mink populations in the Iberian
Peninsula, the oldest of them dating back to the
late 1950s or the early 1960s. By the 1990s
American minks were present in several areas of
the Iberian Peninsula, especially in the north, in-
cluding areas aready occupied by the European
mink (Bravo & Bueno 1999, Zuberogoitia et al.
2001). The expansion of both speciesistherefore
synchronic and, since there are relatively well
preserved areas where both species are absent,
the observed pattern can not be a consequence of
the presence or absence of the American mink.
Moreover, the westernmost distribution area of
the European mink in Biscay lies besides the
well preserved streams of Cantabria were both
species of mink are unknown, whilst both
species are present in the less well preserved
rivers of Biscay (Bravo 2002, Zabala & Zubero-
goitia 2003a, Zuberogoitia & Zabala 2003). On
the other hand, it isimportant to recognisethat in

Table 2. Land of use (in %) in the Basgue Country, Navarre, and la Rioja (adapted from Anonymous 2000,

Anonymous 2001, Anonymous 2003).

Land use Agriculture Pastures & meadows Forests & forest cultures Other
Basque Country 14 19 54 13
Navarre 34 25 30 11
LaRioja 32 22 27 19
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some areas occupied by both mink species, local
extinctions of European mink have occurred
(Cefia et a. 2001, Zuberogoitia et a. 2001,
Palazdn et al. 2002).

Little is known about the ecology of polecats
in the Iberian Peninsula. However, they are dis-
tributed across most of the European mink area
and may locally reach fair densities (Virgds
2002). Some studies point out that this mustelid
may not show semi-aquatic behaviour inthe area
(Zuberogoitia et al. 2000, Virgos 2002). More-
over, the polecat is common in the neighbouring
French area, where it is regarded as a pest, but
not as a cause for the decline of the European
mink (Lodé et a. 2001).

Conclusions

In conclusion, even if we cannot definitively re-
ject the hypothesis that the European mink is an
old part of the Iberian fauna, there are strong indi-
cations that the species is a recent arriva to the
Iberian Peninsula. We can not currently present a
conclusive explanation for this phenomenon as
none of the proposed causes for the decline of Eu-
ropean mink in its neighbouring distribution area
in France has changed significantly among the ar-
easwhereit is present or absent. Furthermore, the
influence of American mink on its European
counterpart in the area, isasyet unclear. Zabaa &
Zuberogoitia (2003a) state that the European
mink recently extended its distribution westwards
in Biscay, therefore the expansion could till bean
ongoing process and this could be one reason for
the absence of explanatory variables.

Future research

Further research is needed in order to check for a
possible expansion of European mink into near-
by areas and to determine those causes that may
have favoured changesin its distribution. Genet-
ic research might play an important role by de-
termining the origin of the western population in
space and time, and by confirming or rejecting
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the model of expansion proposed in this paper.
Research on those land uses and policies that in-
fluence the presence of European minks at land-
scape scale would also help increase understand-
ing of distributional changes. It would also be
interesting to determine the potential distribution
area of the species, by identifying areas suitable
for colonization, and then periodically checking
these, especialy at the borders of known distrib-
ution areas, in order to find out if expansion is
still happening. Finally, studies on mink patholo-
gies could help understand the decline or the ab-
sence of European mink in some historically oc-
cupied areas in Europe, which are nowadays
apparently suitable but remain unoccupied.
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Samenvatting

De historische en huidige ver spreiding van de
Europese nerts (Mustela lutreola) op het
I berisch Schiereiland.

De meeste meldingen van de Europese nerts
(Mustela lutreola) op het lberisch Schier-
eiland zijn niet vastgelegd in international e of na-
tionae literatuur. De verspreiding van de
soort is daarom niet precies bekend en ook moeil-

ijk te bepalen. In dit artikel wordt aan de hand van
onder meer ongepubliceerde rapporten en moeil-
ijk toegankelijke artikels met een lokale versprei-
ding, een beeld gegeven van de historische en
huidige verspreiding van de Europese nerts op
het Iberisch Schiereiland. Geconcludeerd wordt
dat de soort het noorden van | berié waarschijnlijk
aan het eind van de jaren ‘40 van de vorige eeuw
heeft bereikt. Sindsdien lijkt de soort zich langza-
am maar gestaag uit te breiden, voora in
zuiddlijke richting, maar meer recentelijk ook
oostwaarts en, waarschijnlijk, westwaarts. Mo-
gelijke verklaringen voor deze vermoedélijke uit-
breiding worden kort besproken.
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Thereturn of the harbour porpoise
(Phocoena phocoena) in Dutch coastal waters
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Abstract: The harbour porpoise (Phocoena phocoena) became virtually extinct in Dutch coastal waters in the
early 1960s. A systematic method to record seabird passage along the coast became established in the early 1970s
and was used ever since. These observations allowed areconstruction of the return of the elusive harbour porpoi-
sein Dutch coastal waters. A small, but gradually increasing number of sightingsin the mid-1980sto early 1990s
was followed by aproportional rate of increase of 41% per annum over thelast 15 years. At first, only full-grown
animals were seen and the occurrence was virtualy restricted to mid-winter. In later years, numbers sharply in-
creased in winter, and more and more animals were seen also in summer and autumn, including mother-calf com-
binations. Both the historic decline and the recent increase are concurrent with similar trends in strandings and at-
sea survey data. Unambiguous explanations for theinitial decline have never been given and it is equally difficult
to fully understand the come-back. There is evidence, however, that distributional shifts rather than population
fluctuations underlie the trends observed. The re-distribution of harbour porpoises in the North Sea may have
been triggered by local reductions or shiftsin principal prey availability.

Keywords: harbour porpoise, Phocoena phocoena, sightings, The Netherlands, population trends, historical de-

cline, distribution shift.

Introduction

In the 1950s, or even in the 1940s, a decline in
sightings of the harbour porpoise (Phocoena
phocoena) in Dutch coastal waters occurred. The
first reports indicating fewer sightings date back
to 1939 (Viergever 1955), but it was immediate-
ly after the Second World War that the decline
became more obvious (Verwey 1975). Not
everyone was immediately convinced that har-
bour porpoises had declined (van Deinse 1952,
Vader 1956, van Deinse 1959), since humerous
corpses of porpoises littered the Dutch beaches.
When a general consensus was reached that por-
poises were less common than they used to be,
the animal had become a rarity. Unfortunately,
from reported sightings, the decline is poorly
documented. Smeenk (1987) and Addink &
Smeenk (1999) reconstructed the decline from
strandings records and encountered a similar
problem. At first, porpoises were so abundant
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that corpses on the beach were not systematical-
ly recorded (van Deinse 1925, van Deinse 1931,
van Deinse 1946). Only since 1951 porpoises
were included in arecording scheme of beached
marine mammals, a scheme that collapsed in the
early 1960s as a conseguence of the death of its
organiser in 1964. Hence, strandings were
recorded when the decline was aready promi-
nent and the final phase, when the animals be-
came rare, was not documented. Very few har-
bour porpoises were seen in The Netherlands in
the 1960s, 1970s, and early 1980s and strandings
were at a very low level compared to the first
half of that century (Camphuysen 1982, Smeenk
1987). The harbour porpoise, once a very com-
mon cetacean in Dutch coastal watersand “atyp-
ical summer animal” (Viergever 1955) had gone.

Amateur ornithologists developed an interest
in seabirds somewhere in the late 1960s and ear-
ly 1970s. High powered, but relatively cheap
binoculars became available in these years and
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with those mounted on atripod, a revolution in
bird recording took place. Many more true
seabirds could be seen than anyone had realised
before, and violent autumn storms attracted
crowds of observers at strategic |ookouts to wit-
ness the spectacle (Camphuysen & van Dijk
1983, Camphuysen 1985). Spring migration
turned out to be equally spectacular and not be-
fore long, “seawatchers’ were observing sea
birds almost every day, throughout the year, at
the more popular sites. The establishment of the
“Club van Zeetrekwaarnemers’ in 1972 for-
malised seawatching and the development of a
standard record card was the foundation of a
highly successful scheme for the years to come,
until the present day. Although seabirds formed
the motivation for these coastal observations,
marine mammals were also recorded and includ-
ed as “highlights’ in bi-annual, reports. The sea-
watching scheme became established when ma-
rine mammals were extremely rare in Dutch
coastal waters and very few were recorded in the
first ten years (Camphuysen 1982).

In the mid-1980s, the number of harbour por-
poise sightings gradually increased. While only
20 harbour porpoises were recorded between
1972 and 1985, during 39,704 hours of observa-
tion (one every 2000 hours), 75 porpoises were
observed between 1986 and 1990 during a fur-
ther 14,565 hours of observation (one every 190
hours; a tenfold increase). Between 1991 and
1995, 222 porpoises were recorded during
17,732 hours of observation (one every 80
hours), or another 2.5 fold increase compared to
the preceding years. Camphuysen & Leopold
(1993) and Camphuysen (1994) published early
accounts of what they thought might be a come-
back of the harbour porpoise in Dutch coastal
waters. Thesereviewswere largely based on sea-
watching data from the Dutch coast, but with ad-
ditional information on the distribution of por-
poises from ship-based and aeria surveysin the
Dutch sector of the North Sea. This paper, ten
years later, intends to be an update based largely
on the continuing seawatching results.
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Methods

Harbour porpoise abundance was analysed by
extracting sightings from the seawatching data-
base of the Nederlandse Zeevogelgroep
(NZG/CVZ database; 1972-2004). A second
dataset used isa series of incidental sightings ob-
tained directly from the observers or extracted
from numerous smaller publicationsin local, re-
gional or even nationa journals and, more re-
cently, from websites. Both data sets are restrict-
ed to sightings from coastal sites; records (even
incidental sightings) from ships and aircraft have
been excluded. The seawatching data set is the
more important collection of sightings, because
the observer effort is known. Observers record
the date, the duration (start- and end-time), and
weather characteristics for each set of data and
usually record their sightings per hour of obser-
vation. Equally important, the observers were
considered trained and experienced in cetacean
identification. It is from these data that reliable
long-term trends can be calculated and the sea-
sonal patterns analysed. Incidental sightings
come from avariety of sources and outliers have
been checked individually in order to exclude er-
roneous sighting reports. The identification of
cetaceans, including porpoises, is not easy
(Camphuysen 1987, Camphuysen 1991) and
people who rarely see them have a tendency to
just guess what it might have been. The greatest
additional value of the data presented here is
above dl the contribution to our knowledge of
the geographical distribution: seawatchers work
from asmall number of sites, while porpoisesare
much more widespread.

The effort-corrected data from systematic sea-
watches in this paper are expressed as “number
per hour of observation” (n h%). Considering the
observer effort, some assumptions had to be
made, for not all datahave yet fully been submit-
ted (and there will always be a backlog in that).
Sightings of porpoises during seawatching have
been promptly reported by nearly all observers
before all observational and effort data are
logged on record cards and subsequently entered
into the database. With only part of the record

Camphuysen / Lutra2004 47 (2): 113-122



cards being processed and, hence, observer ef-  winter/early spring visitors, arriving around Oc-
fort in 2001-2004 not (yet) completely known,  tober and disappearing around April with a peak
this has been assumed to be similar asinthepre-  from December through March (table 2, figure
ceding five-year period (table 1). Future reports  2). The largest numbers were seen in March
using the same source, but with an updated data- 1997 (108 individuals), February-March 2001
base, may therefore report dightly different (137, 160), March 2002 (141), March 2003
levels of abundance for the most recent years.  (123), March 2004 (147), and December 2004
However, with the activity of most observers  (297).

currently well known (e.g. reported at www.trek- In June harbour porpoi ses were seldom report-
tellen.nl), itisunlikely that later adjustmentswill  ed, indicating a near-complete contraction away
lead to substantial changes in the results. from the Dutch coast in early summer. In the

most recent years, increasing numbers were seen
in late summer/early autumn (Jul-Sep). Appar-
Results ently, we are currently witnessing the develop-
ment of a (late) summer population along the
Between 1970 and 2004, 3024 harbour porpoises  coast. Harbour porpoises can now be seen virtu-
have been reported; 626 as ‘incidental reports  ally everywhere along the coast.
and 2398 during systematic seawatching (table
2). The results show that the animals were near-
absent between 1970 and 1985, that their num-  Discussion
bers dowly increased in the late 1980s and that
an exponential increase occurred in the 1990s  Harbour porpoisesin the past: seasonal
and early 21st century (figure 1). Over thelast 15  pattern and decline
years, the numbers of harbour porpoises seen
during systematic seawatching have increased Harbour porpoises have historicaly been de-
significantly at a proportional rate of 41% per  scribed as ‘summer visitors' in The Netherlands
annum (In(n h) = 0.3438x — 6.054, r2=0.91). (van Deinse 1925, van Deinse 1931, IJsseling &
Initially, during 1970-1985, when porpoises  Scheijgrond 1943, Viergever 1955, Verwey
were still rare, they could be seen in any month  1975). According to Verwey (1975), who recor-
(table 2). Of 34 recorded individuas, twelve  ded sightingsof harbour porpoisesinthewestern
were recorded in winter (Dec-Feb, 35%), ninein  Wadden Sea during 1931-1945, a “striking
spring (Mar-May, 26%), six in summer (Jun-  scarcity or even complete absence” in March-
Aug, 18%), and seven in autumn (Sep-Nov,  April occurred, followed by amarked increasein
21%). During 1986-1990, when the frequency of ~ “May and (or) June”. Verwey (1975) explained
sightings increased, 67% were observed in win-  this ‘spring dip’ (Mar-Apr) by a contraction of
ter, and another 26% in spring (n=84 animals  the wintering population away from the coast.
recorded). Since then, harbour porpoisesbecame  Despite published claims that porpoises were

Table 1. Observer effort during seawatching from Dutch coastal sites, 1972-2004 (hours of observation; all sites
combined). The amount of effort for thelast period (2001-2004) is not exactly known due to abacklog in data pro-
cessing, but is assumed to be similar as in the preceding five years (see text).

J F M A M J J A S O N D  total

1972-1985 1533 1355 2536 4541 3881 2024 2660 5020 5775 5646 2967 1764 39704
1986-1990 725 712 886 1582 1394 536 911 1634 1929 1915 1368 973 14565
1991-1995 1156 1012 1482 1837 1675 936 1238 2177 2069 1845 1334 971 17732
1996-2000 739 761 1226 1549 1309 751 825 1220 1245 1355 788 664 12432
2001-2004 740 760 1225 1550 1300 750 835 1220 1245 1350 790 665 12420
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Figure 1. Numbers of harbour porpoises observed in Dutch coastal waters since 1970 from incidental sightings
(white bars) and systematic seawatching results (grey bars), and long-term trend (n h) based on seawatching results

(black line).

normally seen on warm summer days, they could
be numerous in autumn and winter too, perhaps
with the exception of very cold seasons (with ice
cover inthe Wadden Sea; Verwey 1975). Thein-
crease in summer was explained by “the fact”
that the animals were seeking the coast at that
time and it coincided with an increase in newly
born young. 1Jsseling & Scheygrond (1943), ac-
tualy citing Van Deinse (1931), highlighted the
summer as the period of highest abundance and
claimed that pregnant female porpoises entered
river mouths in summer, apparently attracted by
salmon (Salmo salar). The annual return of har-
bour porpoises in early summer in the western
Waddensea coincided with the arrival of herring
(Clupea harengus), entering the Wadden Sea
and Zuiderzee (currently the IJsselmeer, and
now a fresh water lake) through the Marsdiep
area. Heinsius (1914), observed numerous har-
bour porpoises in summer in the Zuiderzee tar-
geting shoals of anchovy (Engraulis encrasico-
lus) and garfish (Belone belone).

There was considerable debate in the 1950sif a
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decline had taken place (Vader 1956). Sightings
reports in the late 1950s were rather confusing,
with for example ‘high numbers’ in summer and
autumn 1957, and Jan-Feb 1958 in the western
Wadden Sea (van Deinse 1959). A keen observ-
er, F.J. Appelman, recorded porpoises during 10
out of 15 beach visits at Loosduinen (The Hague)
in summer 1958 (van Deinse 1959), while nu-
merous Vvisits by the same observer in 1959-1962
did not produce a single sighting (van Deinse
1964). From the data collected by Verwey (1975)
after the war (1945-1961) around Den Helder
(circa 121 animals), some 49% were seen in Jan-
uary, 8% in February, 4% in March, 14% in
April, 17% in November (remarkably, none in
December) and only 8% in summer and early au-
tumn (May-Oct). There was no evidence for a
summer influx of pregnant femalesin coastal wa-
ters. Viergever (1955), in the Delta area, ob-
served that harbour porpoises had become very
scarce immediately after the Second World War
and had his opinion confirmed by “field experi-
ences’ of local skippers and fishermen. Harbour
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Table 2. Harbour porpoises per month in Dutch coastal waters, 1970-2004. (A) Incidental sightings (number of
individuals), (B) sightings during systematic seawatching (number of individuals) and (C) relative abundance
from seawatching results (number per observation hour).

J F M A M J J A S o N D total
(A) Incidental sightings (n)
1970-1985 3 1 2 2 1 1 1 0 1 0 0 2 14
1986-1990 O 0 4 0 1 0 0 0 0 0 0 4 9
1991-1995 2 0 10 1 12 0 0 0 0 0 0 4 29
1996-2000 3 3 37 3 0 0 1 1 0 0 0 2 50
2001-2004 27 91 150 54 4 1 14 12 28 25 17 101 524

626
(B) Systematic observations (n)
1972-1985 O 4 2 2 0 1 3 0 4 2 0 2 20
1086-1990 34 5 10 7 0 0 5 1 0 0 0 13 75
1991-1995 27 19 65 55 6 0 0 0 1 12 18 19 222
1996-2000 69 160 293 59 6 1 4 0 7 11 36 63 709
2001-2004 162 206 421 59 16 3 18 48 30 58 70 281 1372
2398

J F M A M J J A S (0] N D mean
(C) Effort corrected systematic sightings (n h?)
1972-1985 0 0.00 0.00 0.00 O 0.00 0.00 0 0.00 0.00 0 0.00 0.00
1986-1990 0.05 0.01 0.01 0.00 O 0 001 000 0 0 0 001 001
1991-1995 0.02 0.02 0.04 0.03 0.00 0 0 0 000 001 001 0.02 001
1996-2000 0.09 0.21 0.24 0.04 0.00 0.00 0.00 0 001 001 005 0.09 0.06
2001-2004 0.22 027 034 004 001 0O 002 004 002 004 009 042 o011

porpoises were distinctly less abundant than they
had been prior to the war, but it was the scarcity
of porpoisesin summer immediately after thewar
that may well have been the first signal of an
overall decline. In the 1960's and 1970’s, it was
highly unusual to see a porpoise dive in The
Netherlands anywhere and at any time of year.

Harbour porpoisesin recent
years:. a recent come-back

Wearevery lucky to have been able to document
the return of the harbour porpoise, as a side-
product of a scheme that aimed at recording
seabird migration. Certainly in the 1970s and
early 1980s, it would have made no sense to set
up a porpoise monitoring system, when waiting
for a single sighting required on average 2000
hours of watch on awind-swept |ook-out. Today,
harbour porpoises are winter visitors in the
Southern Bight (i.e. the North Sea between the
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French Channel in the south and 53°30’N in the
north), and only the last few years can they be
seen virtually year-round, but still with low num-
bers in June. Harbour porpoises can now be so
numerous and close to the coast that a keen ob-
server can spot some even during a winter walk
along the beach. It is only because these elusive
animals are so notorioudly difficult to detect that
relatively few ‘incidental sightings occur.
Mother-calf combinations have been reported
and are seemingly increasingly common (diffi-
cult to quantify, for most sightings are of un-
aged animals). From ship-based surveys in re-
cent years, we have evidence that in peak periods
(winter), thousands of porpoises may occur with-
in the 20 m depth contour along the mainland
coast of Noord-Holland alone (circa 3000 were
estimated to occur between 1Jmuiden and Texel,
winter 2003/2004; Leopold et al. 2004).

When studying the recent sightings data in
more detail, the occurrence of harbour porpoises
is highly irregular, with influxes at times
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Figure 2. Numbers of harbour porpoises per hour per month observed in Dutch coastal waters since 1972 from sys-
tematic seawatching results. At this scale, the seasond pattern in the earliest sightings (1972-1985) is hardly visible,
but porpoises could be seen in virtualy every month, if recorded at al. In recent years, the U-shape curve devel oped
more and more strongly, while amid-summer peak in occurrenceisin fact from avery recent date, i.e. 2003-2004.

(recorded everywhere along the Dutch coast, but
of a few days or weeks duration at most) fol-
lowed by periods of absence. Movements to and
from the coast are the most likely explanation for
the variability in abundance between seasons
and between months. We have no evidence for
regular north-south or vice versa movements
aong the Dutch coast; the animals tended to ar-
rive and disappear everywhere simultaneously at
times. Possible reasons for inter-annual and
within-season differences in abundance and dis-
tribution may include changes in availability of
primary prey species, or movements among pop-
ulation units with the North Sea at large.

So what happened?

Isthisareturn to the ‘original’ situation (what-
ever that might have been), is this a population
recovery following the near-extinction of alo-
cal stock, or are we receiving animals from
abroad that are for example seeking alternative
foraging areas? These questions are easier
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asked than answered. We have very few empir-
ical data on demography, foraging ecology, mi-
gration routes and (offshore) population fluctu-
ations of porpoises in the southern North Sea.
Both the historical decline and the recent in-
crease are therefore subject to major specula-
tion. Some remarks can be made, however.
Woodley & Read (1991) estimated the natur-
al rate of increase of harbour porpoises at 4% or
less per annum. Barlow & Boveng (1991), us-
ing demographic models, produced an estimate
of 9.4% for the maximum potential rate of in-
crease of these animals. Caswell et al. (1998)
used a series of rescaled mortality schedules
and a Monte Carlo sampling procedure to esti-
mate the potential rates of increase for harbour
porpoise. Their distribution of potential rates of
increase had a median of about 4%, and it was
concluded that arate of more than 10% per year
would be highly unlikely. So, even when the re-
productive success of harbour porpoises in the
southern North Sea has been exceptionally high
in the past decades, it could not have accounted
for the 41% increase per annum as currently ob-
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Harbour porpoises, Eemshaven, 21 February 2004. Photograph: Klaas Kreuijer.

served in Dutch coastal waters. Shifts in distri-
bution, or immigration, must therefore have
been underlying the observed trend.

In order to try and understand why harbour
porpoises would have returned to Dutch coastal
waters during the last 15 to 20 years, it is essen-
tial to know something of their spatial distribu-
tion patterns and feeding ecology. A North Sea
wide census in 1994 resulted in an estimated
263,000 harbour porpoises (Hammond et al.
2002), 70% of which were found in the north-
west North Sea and around Orkney and Shet-
land. Few porpoises were found in the Channel
area, while they were locally abundant in the
German Bight. These patterns are similar to
those described by Reid et a. (2003). In a re-
cent comparative study of harbour porpoise di-
ets, based on stranded or drowned individuals
collected in Scotland, Denmark, and The
Netherlands, principal prey and the dietary di-
versity differed significantly between areas
(Santos 1998). In Scotland, whiting (Mer-
langius merlangus) and sandeels (Ammodyti-
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dae) were the most important prey categories,
making up >84% of prey mass. In Denmark,
cod (Gadus morhua), viviparous blenny
(Zoarces viviparus) and whiting made up al-
most two thirds of the total prey mass. In por-
poises stranded in The Netherlands, whiting
made up more than 75% of the total estimated
prey mass, and other important species were
sandeels and gobies (Gobiidae).

In the northern North Sea, starting in Shet-
land, several piscivorous seabirds have had
highly variable reproductive success since a
major crisisin seabird breeding occurred in the
late 1980s as a result of failed sandeel recruit-
ment (Monaghan et al. 1992, Wright & Bailey
1993). Breeding success of seabirds during
2002, 2003, and 2004 were the worst on record,
apparently as a result of declines of northwest
North Sea sandeel stocks. Food shortages re-
sulting from sandeel recruitment failures have
been reported from an growing part of the
northwest North Sea, including the Orkneys
and Scottish east coast in 2003 and 2004. Based
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on the most recent estimates, the International
Council for the Exploration of the Seas (ICES,
Copenhagen) classified the North Sea sandeel
stock as having reduced reproductive capacity
and for 2004 the population was estimated to be
at a historic low value (325,000 ton) due to a
historic low recruitment in 2002.

Low recruitment and reduced stocks of plank-
tivorous fish have been linked with climate
change, found to cause adrop in the quality and
quantity of plankton in the North Sea (Beau-
grand et al. 2003). This decline in plankton has
been attributed to arisein surface water temper-
atures causing warm-water plankton species to
move north, displacing cold-water species. That
reduced the number and size of the plankton and
it also caused major plankton blooms to be out
of synchrony with the larval stage development
of fish, meaning fewer fish larvae were reaching
adulthood. The decoupling of phenological rela-
tionships will have important ramifications for
trophic interactions, altering food-web struc-
tures and leading to eventual ecosystem-level
changes (Edwards & Richardson 2004). Sandeel
recruitment was found to be reduced in warm
winters, and Frederiksen et al. (2004) proposed
that this explains the temperature effects on
breeding success of some Scottish seabirds.

It is currently unclear what is going on in the
northern North Sea, but the summering hump-
back whal es (Megaptera novaeangliae) in Shet-
land disappeared and minke whales (Bal-
aenoptera acutorostrata) were found to
concentrate in summer feeding areas further to
the south and in larger numbers than previously
(Camphuysen et al., in press). Apparent redistri-
butions of large cetaceans and poor breeding of
piscivorous seabirds may be interpreted as sig-
nals of shiftsin prey availability in the affected
area. Declines in prey availability in the north-
west North Sea may have triggered distribution
shifts even in species with amixed diet, such as
harbour porpoises.
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Conclusions

We have witnessed areturn of an animal that had
nearly completely disappeared from the Dutch
coastal waters after the Second World War. The
return cannot be interpreted as a population re-
covery, but rather as a shift in distribution. The
Netherlands have been avoided during severa
decades for reasons we don’t quite understand,
but are increasingly used by porpoises in recent
years, at first mainly during winter and at present
during most of the year. Thereason for the re-ap-
pearanceis possibly areductionin principal prey
stocks further north in the North Sea. There are
no signs as yet that the increase in sightings is
levelling off and we should therefore continue
monitoring, by using the same methaods, in the
years to come. Meanwhile, if we are to gain un-
derstanding of the foraging and breeding oppor-
tunities for porpoises in the Dutch waters, or if
we simply wish to monitor their well-being in
the southern North Sea, it is time to set up dedi-
cated research programmes. The animals are nu-
merous enough by now to make them attractive
study objects.
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Samenvatting

Deterugkeer van de bruinvis (Phocoena
phocoena) in de Nederlandse kustwateren

De bruinvis (Phocoena phocoena) was zo goed
as uitgestorven in de Nederlandse kustwateren
in de jaren zestig van de vorige eeuw. Sinds het
begin van de jaren zeventig wordt een systemati-
sche methode toegepast om verplaatsingen van
kust- en zeevogels langs de Nederlandse kust te
registreren. Aanvankelijk werden daarbij gedu-
rende 40.000 waarnemingsuren vrijwel geen
zeezoogdieren gezien. In de loop van de jaren

122

tachtig werd door deze ‘ zeetrekwaarnemers' in
winter en voorjaar steeds vaker melding gemaakt
van bruinvissen voor de kust. Een geleidelijk
toenemend aantal waarnemingen in de tweede
helft van de jaren tachtig werd gevolgd door een
toename met gemiddeld 41% per jaar tot aan
2004. Aanvankelijk werden uitsluitend volgroei-
de bruinvissen gezien, maar tegenwoordig ko-
men hier ook veel moeder-kalf stelletjes voor.
Werden aanvankelijk vooral veel bruinvissen ge-
zZien van oktober tot en met april, de laatste jaren
worden daarnaast ook in de nazomer en vroege
herfst en steeds regelmatiger groepjes opge-
merkt. Zowel de historische afname, als de re-
cente toename wordt weerspiegeld in de gege-
vens van gestrande bruinvissen op de
Nederlandse kust. Voor de afname is nooit een
ondubbel zinnige verklaring gevonden en ook de
recente terugkeer is niet eenvoudig te begrijpen.
De gegevens laten zien dat er sprake moet zijn
geweest van een verschuivende populatie, omdat
de toename veel te snel is gegaan om alleen door
reproductief succes te kunnen worden verklaard.
Het ismogelijk dat een afnemend voedsel aanbod
in het noorden van de Noordzee deze verplaat-
sing heeft veroorzaakt, waardoor bruinvissen in
toenemende mate tot in de Zuidelijke Bocht van
de Noordzee zijn doorgedrongen.
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Short Note

Morula'svan een otter (Lutralutra): een toevallige
waarneming

Sim Broekhuizen, Hugh Jansman* & Gerard J.D.M. M Uiskens

Alterra, Centrum voor Ecosystemen,
Droevendaal sesteeg 3, Postbus 47, NL-6700 AA Wageningen, e-mail: hugh.jansman@wur.nl

Op 4 juni 2004 werd een ottervrouwtje (Lutra lu-
tra) doodgereden op de Heuvenweg in het Natio-
naal Park De Weerribben (Amersfoort-codrdina-
ten 194-532). Het dier was naar schatting 1,5 a2
jaar oud toen ze een jaar eerder, op 7 juli 2002, in
De Weerribben werd uitgezet, afkomstig uit een
otteropvangcentrum in Tsjechié (Niewold et al.
2003). Het zal dus globaal in het ngjaar van 2000
Zijn geboren.

Het verongelukte dier werd één dag in een
donkere, koele kelder bewaard en daarnain een
vrieskast bij -20 °C opgedlagen. Bij de autopsie
op 24 juni waren in de baarmoeder littekens van
drie placenta’ s zichtbaar, waaruit geconcludeerd
werd dat dit vrouwtje drie jongen had geworpen.
Geschat werd dat de geboorte voor de jaarwisse-
ling 2003/2004 had plaatsgevonden. Bij een
draagtijd van twee maanden zal het vrouwtje in
het ngjaar van 2003 bevrucht zijn, toen het circa
drie jaar oud was. Het nageslacht zou dan op de
dag van het verongel ukken van de moeder onge-
veer zeven maanden oud zijn geweest. Het was
devraag of dejongen ten tijde van het ongeluk al
Zo groot waren, dat ze zich zelf net konden red-
den. Chanin (1991) geeft aan dat de jongen 7-12
maanden bij de moeder blijven, Reuter (1993)
noemt perioden van 9-14 maanden en Kruuk
(1995) vond dat jonge otters vanaf acht maanden
zelfstandig kunnen leven.

Uit analyse van DNA uit mest (spraints) diein

© 2004 Vereniging voor Zoogdierkunde en Zoog-
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het vroege voorjaar van 2004 in het uitzetgebied
werd verzameld, bleek dat van het verongel ukte
wijfje in ieder geval een dochter de winter had
overleefd. In de winter 2004/2005 werden in De
Weerribben wederom spraints verzameld, waar-
van enkele ook weer afkomstig waren van deze
dochter. Dit dier had het verlies van haar moeder
dus overleefd en was in 2004 in De Weerribben
gebleven. Ook werden in het noordelijke deel
van De Wieden, ten zuidwesten van De Weerrib-
ben, enkele spraints verzameld. Deze bleken af -
komstig te zijn van een zoon van het verongel uk-
te wijfje, zodat tenminste twee van de drie foeten
zelfstandig waren geworden.

Bij autopsies van dood gevonden vrouwelijke
dassen (Meles meles) en boom- en steenmarters
(Martes martes, Martes foina) is het de laatste
jaren gewoonte de baarmoeder te onderzoeken
op de aanwezigheid van blastocysten. De blasto-
cyste is het ontwikkelingsstadium van het be-
vruchte ei, waarbij binnen de door deling ontsta-
ne klont cellen een zo grote holte is ontstaan, dat
het gehedl een doorzichtig blaasie is geworden.
Dewand van dit blaasje wordt gevormd door één
laag cellen, die men de trophoblast noemt. De
binnenste cellen van de oorspronkelijke klont
cellen komen op een hoopje aan de binnenkant
van de trophoblast terecht en vormen de embry-
onaalknop of blastofoor, waaruit zich later het
embryo vormt.

In het algemeen hechten de blastocysten zich
binnen enkele dagen vast aan de baarmoeder-

* Corresponding author
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Foto 1. Blastocysten, gespoeld uit de baarmoeder van een steenmarter (Martes foina). Foto: Wim Dimmers.

Foto 2. Morula's, gespoeld uit de baarmoeder van het otterwijfje (Lutra lutra). Foto: Wim Dimmers.
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wand, doordat cellen van de trophaoblast ingroei-
en in het baarmoederdijmvlies. Bij dassen en
marters hechten de blastocysten zich echter pas
na verloop van maanden vast aan de baarmoe-
derwand, waarna de verdere ontwikkeling van de
vrucht wordt voortgezet. Door de afgeknipte
baarmoeder met behulp van een injectiespuit met
water door te spoelen, kunnen eventueel aanwe-
zZige blastocysten in een horlogeglas worden op-
gevangen en onder een binoculair worden geteld,
zodat in de periode van uitgestelde implantatie
toch een beeld kan worden gekregen van de
worpgrootte. Foto 1 toont enkele blastocysten
van een steenmarter.

Een uitgestelde vasthechting van blastocysten
aan de baarmoederwand komt weliswaar ook bij
andere zoogdiersoorten voor, zoas bij reeén
(Capreolus capreolus) en sommige muizensoor-
ten, maar het is zeker niet het algemene patroon
bij zoogdieren. Bij dieren zonder uitgestelde im-
plantatie, waartoe ook de otter hoort, heeft het
dan ook weinig zin om naar vrije blastocysten te
zoeken. Het was dan ook meer uit de macht der
gewoonte, dat de baarmoeder van het veronge-
|ukte otterwijfjetoch op blastocysten werd onder-
zocht. Hoewel de onlogica van de handeling &l
was onderkend, leverde het toch even dddrkijken
eenverrassing op: drie ‘rijpe’ morula’'s. Helaasis
één daarvan tijdens het manipuleren verloren ge-
gaan, maar van de twee andere konden foto's
worden gemaakt (foto 2). De diameter van de
meest ronde morulawas 0,23 mm, de langste dia-
meter van de meer ovaal geworden morula was
0,26 mm. De vervorming is wellicht het gevolg
van het feit dat het dier ingevroren was geweest.

De morula is het ontwikkelingsstadium vooér
de blastocyste, waarbij uit de eicel door een aan-
tal delingen een troge van 12-16 cellen is ont-
staan. Aanvankelijk is de buitenkant van de mo-
rula ongelijkmatig en doet ze eventueel denken
aan een moerbei, waarnaar het Latijnse morula
verwijst. Bij verdere deling, waarbij de cellen
steeds kleiner worden, wordt die buitenkant
gladder. Wanneer er 50-60 cellen zijn gevormd
begint zich tussen de cellen een holte te vormen,
waardoor de morula overgaat in de blastocyste.

Broekhuizen et al. / Lutra 2004 47 (2): 123-126

Bij veel diersoorten wordt de morula nog om-
geven door een dikke transparante gelatineachti-
ge membraan: de zona pellucida. Dit omhulsel is
al in de elerstok gevormd door cellen die de eicel
omgaven en heeft een beschermende functie te-
gen ongeschikt sperma. Bij het groeien van de
blastocyste gaat de zona pellucida verloren. Bij
de blastocysten die we bij dassen en martersvon-
den werden tot nu toe geen resten van de zona
pellucida meer aangetroffen.

In welk stadium de zich ontwikkelende be-
vruchte eicel bij de otter nade passage van de ei-
leiders in de baarmoeder komt, is ons niet be-
kend. Bij fretten (Mustela furo) duurt dereisvan
de eicel door de eileider tot in de baarmoeder
ruim vijf dagen, waarin een pril morula-stadium
wordt bereikt van 32 cellen (Biggers 1979). Hoe
snel de morulazich bij de otter in de baarmoeder
ontwikkelt tot een blastocyste die zich in het
dijmvlies van de baarmoeder vasthecht, is ons
ook onbekend. Bij de mensis dat ongeveer drie
dagen (Moore 1988). De kans dat bij een otter
een vrij-zwevende morulain de baarmoeder aan-
getroffen wordt isdusklein, gesteld dat er a naar
wordt gezocht.

De macht der gewoonte heeft in dit geval dus
tot een bijzondere waarneming geleid. Het is
echter wel sneu dat dit productieve wijfje niet
aan haar tweede worp is toegekomen. Ze heeft
wel aangetoond dat het voor de uitgezette otters
in De Weerribben mogelijk is met succes te pa-
ren en jongen voort te brengen.
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Summary

The accidental discovery of amorulain an
otter (Lutralutra)

On the 24th of June, 2004, a four year old
female otter (Lutra lutra) waskilled by acar in
the reintroduction area National Park De Weer-
ribben (province of Overijssel, The Nether-
lands). She originated from arehabilitation cen-
tre in the Czech Republic and was reintroduced
in De Weerribben early July 2002. During post-
mortem examination three placenta scars were
noticed. In January 2004 a spraint of a newborn
otter was found that genetically matched to this
femal e and amal e otter that originated from Be-
larus. In the winter of 2004/2005 again spraints
of this cub were found as well as spraints of a
second cub that was missed the winter before.
The cubs were probably born in the autumn of

2003, meaning they were approximately seven
months old when the mother died. We assume
these cubs were on the brink of independency.

Most mustelid species we receive for post-
mortem examination are pine marten (Martes
martes), stone marten (Martes foina), and bad-
ger (Meles meles). Those mustelids have a de-
layed implantation of the blastocysts in the
uterus. For measuring the reproductive status
we routinely inject water through the uterus
horns and collect the follow-through. This we
check under a binocular for blastocysts. During
post-mortem examination of this female otter
we didn’'t deviate from our protocol, although
we knew it would be very exceptional to find a
fertilized egg not yet attached in the uterus,
since otters don’'t have a delayed implantation.
To our great surprise we did find three morula' s
with a well developed zona pellucida, but no
signs of formation of the cavity (blastula). We
do not know what the duration is of the journey
of a fertilized egg through the oviduct before
nestling in the uterus. In ferrets (Mustela furo)
it takes five days and in humans approximately
three days. We think that the chance of finding
this early stage of pregnancy is extremely small
in European otters. Therefore we were very
lucky, apart form the death of this reproductive
otter female.

Ontvangen: 11 februari 2005
Geaccepteerd: 8 april 2005
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Opinion

Reintroduction of the otter (Lutra lutra) in
the Netherlands meetsinternational guidelines

Pieter van 't Hof & Frank van Langevelde

Resource Ecology Group, Wageningen University, Bornsesteeg 69, NL-6708 PD Wageningen,
The Netherlands, e-mail: Pieter.van’ thof @wur.nl

Abstract: In the past, the otter (Lutra lutra) was a predator in Dutch freshwater ecosystems. Due to hunting, fis-
hing, destruction and fragmentation of its habitat, pollution, traffic mortality and disturbances due to recreation,
the otter became extinct. Fourteen years after extinction, the otter has been reintroduced in the Weerribben, an
areain the northwest of Overijssel province. There was much discussion about releasing ottersin the Netherlands.
This paper discusses the reintroduction project in the light of the [UCN (International Union for Conservation of
Nature and Natural Resources) guidelines, which are internationally recognized and applied in many reintroduc-
tion projects. The IUCN guidelines stress the importance of biodiversity and public nature conservation aware-
ness (important in a highly populated country as the Netherlands). The guidelines stipulate that the former causes
of death should have been removed or minimised in the release area and that the chances of a spontaneous reco-
lonisation by otters, sufficient to establish a viable population, should be small. Capturing otters for reintroduc-
tion should not have negative effects, the released otters should be genetically similar to the extinct otter popula-
tion and the project has to be monitored. Assessment of the project to reintroduce otters into the Netherlands
shows that that the [UCN guidelines were followed.

Keywords: otter, Lutra lutra, reintroduction, [IUCN guidelines, Weerribben, The Netherlands, nature conserva-

tion, biodiversity.

Introduction

The otter (Lutra lutra) was a common preda
tor in the Netherlands, but has been persecuted
for over a century (Broekhuizen et al. 1992).
After legal protection in 1942, hunting was
no longer the main cause of death, but mor-
talities increased as wet ecosystems were
reclaimed for agriculture or built upon. Eutro-
phication and pollution were responsible for bad
water quality. The road infrastructure expanded
very rapidly and became an important cause of
mortality. Roads became more dangerous
to cross and also fragmented the remaining
small patches of habitat. This decreased ex-
change between isolated local populations and
was one of the major reasons for the extinction

© 2004 Vereniging voor Zoogdierkunde en Zoog-
dierbescherming. Lutra abstracts on the internet:
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of the otter in the Netherlands (Broekhuizen et
al. 1992). In addition, illegal hunting and drown-
ing in fykes, further contributed to the decline of
the population. Despite increased efforts in na-
ture conservation, the otter became extinct in
1988.

The Ministry of Agriculture, Nature manage-
ment and Fisheries started efforts to retrieve the
otter population, by setting up aworking group It
mainly addressed the quality of the freshwater
ecosystem that the otter used to inhabit. For four-
teen years, it has been worked on improving
freshwater quality, which is now deemed suit-
able for otters (Jansman et a. 2003). In July
2002, seven otters were released in the Weer-
ribben, followed by a second group of eight indi-
viduals at the end of 2002. Not everybody was
pleased with the reintroduction plan. Its advan-
tages and drawbacks were extensively discussed
and this discussion has continued after the rein-
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troduction. This discussion has motivated this
evaluation of the reintroduction project against
the internationally accepted guidelines of the In-
ternational Union for Conservation of Nature
and Natural Resources (IUCN).

IUCN guidelines

The lUCN triesto protect theintegrity and diver-
sity of nature worldwide and the sustainability
and preservation of natural resources. To carry
out this vision, the IUCN has drawn up guide-
lines (IUCN 1995), which are internationally
recognised. Reintroduction is defined by the
IUCN as “an attempt to establish a speciesin an
area, which was once part of its historical range,
but from which it has been extirpated or become
extinct”. From this perspective, releasing otters
in the Netherlands is a reintroduction. Under
IUCN guidelines, a basic reintroduction pro-
gramme should involve astudy to investigate the
opportunities for reintroduction and a prepara-
tion phase. Monitoring should always follow the
actual releasing phase. IUCN states that the main
aim of areintroduction project should be the re-
establishment of a viable, free-ranging popula-
tion of a species, subspecies or race, which has
become locally extinct or naturally extinct in the
past. These guidelines cover severa issues
which will be discussed in the context of the
Dutch otter project.

IUCN aims for reintroductions

One IUCN am of areintroduction is to enhance
the long-term survival of an endangered species.
In the last century, and especially over recent
decades, otter numbers have been in constant de-
cline in Europe. However, as the area of distrib-
ution of the otter stretches from Ireland to Japan
(Broekhuizen et al. 1992) the otter as a speciesis
not globally endangered. Some populations on
the Iberian Peninsulaand in Eastern Europe have
been expanding, due to improving environmen-
tal conditions and successful reintroductions
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(Sjoésen 1996, Ruiz Olmo 2002). A sustainable
local population in the Netherlands could func-
tion in a future network of local populations
within Europe and contribute to the sustainabili-
ty of these populations.

Another aim is the re-establishment of a“key-
stone species’ inthe ecological sense. According
tothe lUCN, akeystone species representsan in-
dispensable species, whose extinction may cause
astructural change of an ecosystem. However, a
structural change of the freshwater ecosystem is
not expected, because of their small impact on
the ecosystem as top predator (H. Jansman, per-
sonal communication). So, the otter is not a key-
stone species in the ecological sense.

As the top predator of freshwater ecosystems,
otters could accumulate heavy metals and PCBs
in their fatty tissue. The absence of otters, or
their decreased fitness, could also indicate poor
water quality. Good water quality is a prerequi-
site for their reintroduction. Reintroducing otters
in the Netherlands means that freshwater ecosys-
tems might be more complete as the conditions
should be suitable for other species as well.

The third IUCN aim, preservation or restora-
tion of natural biodiversity, also fits the Dutch
situation, as otters used to be an integral part of
Dutch biodiversity (Broekhuizen et a. 1992).
Historicaly, the Netherlands was a marshland
with characteristic peat bog areas and lakes, but
reclamation and urbanisation resulted in adrastic
decrease of these areas. Establishing and restor-
ing nature conservation areas isimportant to pre-
serve these (future) animal habitats. Other char-
acteristic marshland species aready profit from
measures included in the otter reintroduction
programme.

The fourth aim covered by the [UCN isthe ex-
pected long-term economic benefit to thelocal or
national economy. More visitors could be ex-
pected in the release areas, but this effect might
be quite minimal as otter sightings are rare. Re-
alisation of this aim might thus be difficult.

The last aim for reintroduction, according to
the IUCN, can beto enlarge public nature aware-
ness. This public awareness is especially impor-
tant for densely populated countries such as the
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Netherlands. The Netherlands have an average
of over 450 inhabitants per sguare kilometre.
Over the last twenty years, an area with the size
of the province of Utrecht has been turned into
farmland, roads and cities (Statistics Netherlands
2003). While urbanisation was only permitted on
formerly agricultural land, claims for land will
increase in the future as the Dutch population
grows further: Statistics Netherlands (2003) pre-
dicts 17 million inhabitants in 2015. Nature and
biodiversity need socia protection against ongo-
ing human pressure. Otters easily attract atten-
tion (Mulder 2002) and public opinion putsthem
high on the list of favourite animals such as
koalas, pandas and elephants (Rientjens 2000).
By using the otter asasymbol to stimulate nature
awareness, the last aim for reintroduction from
the [UCN guidelines can be met.

IUCN criteria for
reintroduction

Besides these aims for reintroduction, the [lUCN
has developed a list of criteria, which should be
taken into consideration before starting areintro-
duction programme. This list includes pre-pro-
ject biologica activities such as conducting
a feasibility study, background research and
thorough research into previous reintroductions.
Preliminary research into previous otter reintro-
ductions, such as in Spain and Sweden, are im-
portant, as they provide crucial information on
the chances of success (Sjdasen 1996, Ruiz Ol-
mo 2002). Other biological criteriaare related to
the choice of the release site and type, evaluation
of the reintroduction site, the availability of suit-
able release stock and the release of captive
stock. Besides hiological criteria, also socio-eco-
nomic and legal requirements are distinguished
(IUCN 1995).

The following criteria from the IUCN list for
reintroductions will be discussed in the follow-
ing paragraphs. preliminary research, elimina-
tion of previous causes of decline, feasibility
study, chances of spontaneous recolonisation, re-
lease of captive or captured wild otters and pos-
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sible negative effects on wild host populations,
genetic relations with original native stock, local
human attitude assessment and a post-project
monitoring stage. These criteria cover most of
the ITUCN reintroduction guidelines and we fo-
cus on these topics as they also formed the basis
of the discussion around the reintroduction pro-
ject.

One of the first prerequisites for any species
reintroduction is that the conditions that caused
the extinction in the past should no longer be
present. After afeasibility study, carried out ini-
tiated by the Dutch government, a cooperative
effort of several organisations (Ministerie van
Landbouw, Natuurbeheer en Visserij, Stichting
Otterstation Nederland, Staatsbosbeheer, Ver-
eniging Natuurmonumenten, It Fryske Gea,
Natuur en Milieu Overijssel, Provincie Overijs-
sel, Provincie Friesland, Waterschap Reest en
Wieden, Waterschap Friesland, Rijkswaterstaat,
Alterra, Technische Commissie Muskusrat-
tenbestrijding) selected five wetland areas in the
northeast of the province of Overijssel and inthe
southwest of the province of Friesland as poten-
tial reintroduction areas. Thesewere Lindevallei,
Rottige Meenthe, National Park de Weerribben,
Wieden and Oldematen. Although these areas
were aready well-connected special devices,
such as otter-friendly tunnels and ledges under
bridges, were established to increase exchange.
This created a 12,000 ha marsh and bog area,
where the shores provide otter habitat and places
where otters can easily get out of the water (Jans-
man et al. 2003). To reduce traffic mortality pas-
sages under fenced roads have been built in and
around the release area. Water quality had im-
proved since the otter extinction (Stichting Ot-
terstation Nederland 1998), while fishermen and
muskrat catchers in the reintroduction area use
different fykes and cages from the ones that are
normally used in the Netherlands (Faber 2002).
Adult otters are not able to swim into these
adapted fykes.

Hunting (forbidden in the Netherlands since
1941) was assumed to be of no significance for
this reintroduction project and disturbance from
recreation to have a minimal impact because of
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the existence of many restricted access areas in
the reintroduction area.

The IUCN guidelines also specify that the
chances of spontaneous col onisation from neigh-
bouring populations should be minimal. The
closest viable otter populations are found in
Eastern Germany. Specialists are convinced of
the possibility of otters returning by themselves,
but the time needed establish a viable otter popu-
lation by spontaneous colonisation is a matter of
debate. Some clam that German otters move
rapidly in western direction and will reach the
eastern provinces of the Netherlands within ten
years (Reuther 1998). Otter footprints and spraints
are occasionaly found in the Southern province
of Limburg, near the German and Belgian border
(Smit 1991, Winter 1993, Backbier & Jansen
2002). Others predict that a spontaneous estab-
lishment of a viable population cannot be expect-
ed within fifty years (De Jongh 1998). Human
population growth and land use will continue to
put pressure on, or even destroy, potential habitats
and nature conservation areas will becomeislands
in aseaof urban or agricultural areas.

The IUCN criteria recommend the release of
captured wild otters, because of their higher abil-
ity to adapt to natural situations. Wild caught ot-
ters in a Swedish reintroduction project showed
higher survival rates than those released from
captivity. Oneyear after release, 79% of the cap-
tured wild otters had survived, against 42% of
former captive ones (Sj6dsen 1996). Also the age
of the released animals is important. The sur-
vival rate of introduced captive otters increases
when young otters are reintroduced that were
taken from their mother at a low age. Captured
wild animals of two years or more should not be
released, as they are likely to try to leave the re-
lease areas in an attempt to return to their origi-
nal source areas.

Capturing wild animals in their origina habi-
tat should not have a negative impact on the
source populations. For this project the original
intention was to reintroduce 12 wild caught ot-
tersin 2002, but due to delays and capture prob-
lems, only three wild otters and four otters out of
zoos were reintroduced in the Weerribben. (This
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after a short quarantine time, and with a thor-
ough veterinary screening). With the release of
previously captive individuals the project did not
fully follow the suggestions of the [IUCN guide-
lines. This first group was followed a few
months later by a second group of eight wild
caught otters. In al, the project involved the cap-
ture of 40 otters in Belarus and Latvia, which
would not effect the large and stable popul ations
in these countries (about 5,000 otters in Latvia,
Jansman et al. 2003). However, four otters died
during the capture process, and as a result the
Dutch Minister of Agriculture, Nature Manage-
ment and Fisheries immediately and indefinitely
halted the capture in Eastern Europe, because of
animal welfare concerns (Veerman 2002).

Another IUCN criterion is that reintroduced
otters should be genetically similar to the former
Dutch otters. Some have disapproved of therein-
troduction of Eastern European otters in the
Netherlands, because they believe that otter pop-
ulations in Eastern Europe possess genetic dif-
ferences (Anonymous 2002). These newly estab-
lished Dutch otters could mix with German ones,
causing a loss of genetic variation and a higher
susceptibility to diseases. Recent research reject-
ed this hypothesis: DNA from different otter
populations in eastern Europe was compared
with DNA belonging to historic Dutch individu-
als out of museums, and minimal genetic differ-
ences were found between these samples (Mul-
der 2002).

The IUCN states that athorough assessment of
attitudes of local people to the proposed project
isnecessary to ensure the long-term protection of
the reintroduced population. This reintroduction
project partly fulfilled this aim by educating lo-
cal people through special newspapers, lectures
and excursions into the release area, as well as
television and radio programmes to inform citi-
zens about the project.

Another IUCN criterion for reintroduction is
that the newly established population is moni-
tored. The well-being of the reintroduced otters
should be followed for at least two or three years,
so conclusions can be made about the success of
the project. Anintensive monitoring programme,
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of at least four years, was set up to follow there-
leased animals (H. Jansman, personal communi-
cation). Such monitoring requires the use of ra-
dio transmitters and telemetric methods (Sj6ésen
1996). Without using these methaods, it is not
possible to track otters (Niewold et al. 2002);
other reintroduction projects, have found that ot-
ter sightings are very rare, owing to the shy na-
ture of the animal (Sj6asen 1996).

Besides these IUCN guidelines, there has been
a specific debate in the Netherlands about why
the reintroduced otters were captured in Latvia
and Belarus, as opposed to populations from
countries closer to the Netherlands. There would
have been less debate if, for example, German or
Polish otters had been released.

Conclusion

Looking at the [IUCN guidelines and their mean-
ing for the reintroduction of the otter in the
Netherlands, it can be stated that the main aims
are the enhancement of atop predator endangered
in Western Europe, preservation or restoration of
the Dutch biodiversity and stimulating the nature
awareness of the Dutch inhabitants. The mgjority
of the [UCN reintroduction criteria appear to have
been followed by this otter reintroduction project:
the causes of death in the past have been largely
eliminated and, athough a spontaneous colonisa
tion of German otters within a short time span can
not fully be excluded, it is not widely accepted
that this will happen. Capturing wild otters in
Eastern Europe will not have anegative impact on
the source populations and minimal genetic dif-
ferences have been found between different local
otter populations in Eastern Europe and the for-
mer Dutch otters. A monitoring stage after release
is being undertaken.

We conclude that the reintroduction project of
the otter in the Netherlands has followed the
IUCN guidelines, which are designed to promote
the restoration of plant and animal populations,
based on best available practice.
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Samenvatting

Herintroductie van de otter (Lutralutra) in
Nederland isin overeenstemming met
internationalerichtlijnen

De otter (Lutra lutra) vervulde in de Nederland-
se zoetwaterecosystemen een rol als predator,
maar bejaging, vernietiging en verkleining van
zijn habitat, verontreiniging, verkeer en versto-
ringen door recreatie hebben geleid tot het uit-
sterven van de otter. Veertien jaar nazijn uitster-
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ven is de otter opnieuw door herintroductie uit-
gezet in de Weerribben, een laagveengebied in
noordwest Overijssel. Er is ved discussie ge-
weest over het uitzetten van otters in Nederland.
In dit artikel wordt het herintroductieproject be-
sproken aan de hand van derichtlijnen van de In-
ternational Union for Conservation of Nature
and Natural Resources (IUCN), die internatio-
naal herkend worden en door veel herintroduc-
tieprojecten worden nageleefd. De IUCN-richt-
lijnen benadrukken dat biodiversiteit en
natuurbewustzijn belangrijk zijn (zeker belang-
rijk in een dichtbevolkt land a's Nederland). De
IUCN beschrijft in derichtlijnen dat de oorzaken
die in het verleden als oorzaak werden gezien
voor het uitsterven van een diersoort afwezig
Zijn in het uitzetgebied voordat er tot herintro-
ductie overgegaan dient te worden en dat kans op
een spontane herkolonisatie van een duurzame
populatie van otters afkomstig uit het buitenland
klein dient te zijn. De bronpopulaties dienen
geen negatieve gevolgen te ondervinden van het
vangen van otters voor een herintroductie. Ver-
der moeten uitgezette otters genetisch identiek
Zijn aan de otters voor het uitsterven. Monitoring
na uitzetting is gewenst. Na toetsing van het
herintroductieproject aan deze richtlijnen, con-
cluderen we dat de IUCN-richtlijnen door het
Nederlandse herintroductieproject worden opge-
volgd.
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