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ARE CATS REAI_.LY SOLITARY ? '

hy

A.C . KITCHENE R

ABSTRACT

O f [h e 37 or so wild s p ec i es of cats in the worl d most are regarded as solitary, secre UVe, non-social mamma l s.

Nawever, a t l east two spec ies, t he l ion and th e domestic cat, may show h ig h degrees of sociality, and o thers, suc h

as li gets, cheetahs and l ynxen, may fa r m socia l groups in certain situations .
This paper exploten the ecologica) and environmental constraints on cat sociality by focussing on the spectrum

o f social grou p size d i s pl aye d by li ons and damestic cals in differe nt pars of the i r d i s tri buti on s. It a lso l ooks i n de-

[ai l a t how cals cu m m un ica te w ith each other, main ly t hrou gh sce nt m arks .

Pr rh a p s t h e maj ority of cal species art not soli tary afte r all , b ul h ave ins tead a dispersed and flexible socia l sys-

t em w h ic h allows t h eet t o ex pl oit r ffic i rnth• [he environ m e nta l and ecologica ) op por tunities wh ereve r th ey are
[i>un d . I nstead the term "so litary" sh o u ld proba bly b e reserveti lor the hunting s tra t egy of most ca l s and o th er

carnivoren .

1 . Introductio n

There are approximately 37 species of wild cals in the world today, most of which (up

to 95%) are regarded as having a solitary social system, hut two species may live in social
groups of varying composition i .e . the )ion, Panthera leo, and the cheetah, Aànonyx ju-
batus (Kitchener, 1991 ; Nowell &,Jackson, 1996) . The damestic cat, Felis catus, may also
live in social groups, aften at very high population densities, which is in contrast to its
ancestor, the African wildcat, Felis (silvestris) lybica (Turner & Bateson, 1988) . In this pa-
per, Iwant to explore the social systems of cals and to try and discover the key factors,

which allow same species to live topether, but which apparently force most to live apart .
In doing this I want to nee if it is really justified to regard most cat species as solitary .

2 . Solitary cat s

Most ca[ species lefend home ranges, which are large enough to include all those area s

I.ectu re Biven on January 30th 1999 loting the VZZ mee ting on sociobiology in U trecht.
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in which a cat finds sufficient prey, resting places, water, shelter and dens for rearing

young during the course of the year, even when the abundance of prey may be at ijs
lowest in any particular year . The extent and intensity of usage of home ranges is usu-

ally studied by radiotracking, whereby the home range is mostly defined as the mini-

mum convex polygon which encloses 95% of the radio fixes made during the study pe-

riod .
There are two main patterns of home range use, depending on the degree of overlap

between the home ranges of animals of the same sex . In the Royal Chitwan National

Park in Nepal the tiger shows a non-overlapping pattern, in which females delend

home ranges from each other and males defend home ranges from each other (Suii-

quist, 1981) . However, male ranges completely overlap those of two to three females .

In the Cockscomb River basin in Belize jaguars, Panthera onca, show a high degree of

overlap (up to 80%) between the home ranges of males (Rabinowitz & Nottingham,

1986) . These two patterns probably depend on the density and clumping of prey

and/or females (Eiberg & Sandell, 1988) . Where prey is clumped in particular areas, fè-

male cals will show a high degree of overlap of their home ranges so that they can all get

an opportunity to exploit this resource . In the case of the Belizean jaguars, their most

frequently caught prey is so abundant in small areas, that they may only occupy a small

proportion (ca. 8%) of their total annual home range at any one time (RabiiiowiU &

Nottingham, 1986) . Male home ranges are much larger than females', because they try

to encompass as many female ranges as possible in order to meimise their maning op-

portunities and hence reproductive succes . Male ranges tend to overlap where female

ranges are clumped, bul also overlap when female population densities are low, so that

the opportunities for maning are limited, even though females may be evenly distrib-

uted . Conversely, where prey is evenly spread through an area, female ranges are ex-
clusive, but male ranges are only exclusive front those of other males if females live at

high population density (Eiberg & Sandell, 1988) .

Home range use does not require that every part of the area is used, bul it includes

those areas for hunting, rest etc . linked by well-used trails, which the cals use to ti-ave]

between them. Some cals use their home ranges very intensively all year round . For ex-

ample, ocelots, Leopardus pardalis, in Peru cover all areas of their home range every vwo

days (Emmons, 1988), bui pumas, Puma concolar, in the Idaho Primitive Area of the USA

occupy high ground during the summer months and follow their prey (deer) to luwer
ground during the winter, where snoes fall does not impede their movement or feeding

so much (Seidensticker et al ., 1973) . In general, the site of home ranges is broadly re-

lated to body size . For example, female ocelots in Peru occupy up to 2 .5 km`, Eemale

bobcats, Lynx rufus, in South Carolina up to 22 km2 and female pumas in California up

to 119 km2 (Kitchener, 1991) . However, it is also related to the availability of prey . For

example, home range site in Canada lynxen, Lynx canadensis, varies from 30 to more

than 700 km' partly in relation to snowshoe hare, Lepus ameriranus, population cycles,

bul allo other factors including suitable cover and conditions lor hunting (Kitchener,

1991) .
Although regarded as solitary, all cals show lome degree of sociality . In face these cals

should be more properly regarded as solitary hunters and in most species the following

social groups are neen : Male and female in oestrus, female and her young, and dispers-

ing siblings (Kitchener, 1999) . The female and young grouping is the most enduring
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and may last up to three years in big Cats such as Bons and tigers (Schaller, 1967 ; 1972) .

However, for most of the time the `solitary' Cats probably rarely meet, except for terri-

torial disputes or mating. Even so-called solitary cats may show more sociality than we
realise ; Schaller (1967) saw groups of jungle Cats, Felis chaos, coming logether in the
breeding season, bot the reason for this was uncertain .

The aim of the social system of solitary cats is to maximise the lifetime reproduc-

tive succes of males and females, bot in different ways . By defending as large an area
as exclusively as possible, a male achieves matings with several females within his home

range with little competition. This polygynous maling system is typical of many
mammals . A female may mate with more than one male (promiscuity), which it has
been suggested may inerease the genetic diversity of her young, because more than one

male may fertilise her eggs (Darie & Boersma, 1984) . It has been suggested that

this may promote the survival of at least lome young in areas where there are changing
environmental conditions . However, it seems to me that a female may encourage mul-

tiple matings with different maler in order to convince all the maler in her area that

they have fathered the young. In this way, male infanticide of the young should be

minimised . Infanticide is widely regarded as a male reproductive strategy, which de-
stroys the reproductive output of a rival mate and brings the female into oestrus for mat-

ing with the new male faster than if he waited for her current young to disperse . Infan-

ticide har been recorded in ocelots, tigers, pumas, Canada lynxes and leopards,

Yantherapardus (Emmons, 1988, Smith et al ., 1988, Kitchener, 1991, Bailey, 1993) .

3 . The soc i a l cals

A few cal species show a high degree of sociality . Lions are the most familiar social
species, which in the Serengeti National Park of Tanzania and in many other Aarts of

their distribution live in fission-fusion groups valled prides, which consist of 2-20 (usu-
ally) related fèmales and their cubs in a shared home range, which is defended coop-

eratively against other prides (Schaller, 1972 ; Bertram, 1975b; Nowell & Jackson, 1996) .

A group of up to reven (usually) related maler, valled a coalition, defends the pride
from other coalitions (Bygott et al ., 1979; Nowell &Jackson, 1996) . Larger coalitions re-

tain exclusive maling rights with a prille for longer or may defend two prides, thereby

promoting the formation of coalitions (Bygott et al ., 1979) . Priller show a momber of
cooperative behaviours, e .g . they suckle and defend each others' cubs in crèches, they

synchronise oestrus so that cubs tend to be of similar age, and they hunt logether and

share prey (Schaller, 1972 ; Bertram, 1975a; 1983) .
Related domestic cap females have allo been observed living in groups or priller in

some areas . For example, in Portsmouth Dockyard the cals have probably been isolated

Erom other domestic cals for 200 years (Dards, 1981) . The female lives in groups of

2-7, where young are reared cooperatively fust like lion cubs . However, the maler do not
live in coalitions, bui move singly between priller for maling .

Cheetah maler and females show very different social groupings (faro, 1994) . Fe-

males are solitary and range over hoge areas (800 km2), bot maler live in smaller home

ranges in groups of 2-3 (faro & Collins, 1987a) . These maler tend to be brothers Erom
the same liter . It is stip not clear why males defend these home ranges . They tend to oc-
cur in areas where prey density is high, so that females in oestrus attracted to the area
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would be mated by at least one of the coalition males (Durant et al ., 1988 ) . It has also

been noted that coalition males tend to be in better health than solitary males, so that
it is probable that coalition maler may live longer and pence achieve a higher lifetime

reproductive success (faro & Collins, 1987a,b) .
Tigers have been recorded showing rome degree of sociality . Groups including males,

females and tabs have been reen in Ranthambhore National Park (Thapar, 1986), and

maler have also been reen sparing kills with females and tabs, and playing with subadult
tabs, in the Royal Chitwan National Park (Tyabji, 1991, 1998) .

Why do these cats live in groups together, while the majority of species are `solitary'? It

is most likely that in part the degree of sociality is related to the density and availability

of fond . For example, Canada lynx females and their young move through wondland in

single file, bat when hunting they fan out and move in the same direction,
so that any snowshoe hare flushed by one lynx are likely to be caught by another (Parker

et al ., 1983) . In fact hunting succes increases and interkill distantes decrease with in-

creasing hunting group size (Parker et al ., 1983) . Individuals of both Cana-dian and
Eurasian lynxes, L . lynx, may lie in ambush while a conspecific drives prey towards them
(Haglund, 1966; Barash, 1971) . This hunting strategy is very similar to the cooperative

hunting shown by lions in the Serengeti (Schalier, 1972) . This suggests that lynxes would

benefit from living in groups all the time, bat the cycles and other variations in popula-

tions oftheir pret' probably prevent stable social groups forming .
Domestic cat priller leem most likely to develop in areas where there is a page

clumped supply of fond . The highest domestic cat population density (2,350 km 2)

pas been recorded in a fishing village in Japan where fish processing waste is able to

support these page numbers (Izawa & Ono, 1986) . Abundante and clumping of fond
probably also affects the social grouping of lions to rome extent ; high population
densities of large ungulates allow lions to live in large groups by hunting cooperatively

Prill e of l è m a l e liu n s an d th e ir cubs in th e tie r e n geti N a ti ona l Pa rk of T a nza nia . Ph ut o : Sim Bruckhui ze n .
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and sharing kills, which are too big to be consumed by au individuaL However, this

is not the key factor in all situations . In the Serengeti Schaher (1972) found that al-

though lion prides may comprise tip to 12 females and their cubs, the optimum hunt-
ing groep site for maximum hunting succes and intake of food is two . A recent and
more extensive study in the Serengeti by Packer et al . (1990) has confirmed Schaller's

observations and shows that optimum hunting groep size is vwo or six . Therefore, there

is a dispanty between pride groep size and hunting groep size, and yet it is evident that
lions could not live together in large groups unless they have acces to an abondance of

large prey . However, these observatioris may only be typical lor the Serengeti . In the

Etosha National Park in Namibia Stander (1992) has observed Bons hunting coopera-
tively and singly . Lions hunting clone had a very low hunting succes (2 .3%), so that co-
operative hunting is probably unavoidable . Moreover, hunting succes increased broad-

ly linearly with hunting groep size in Kalahari Bons (Stander & Albon, 1993) .
There are several other suggestions as to why Bons live in such large groups . These are

all broadly defined as being based on kin selection, whereby groups of related individ-

uals can increase their own reproductive fitness by promoting the survival of close rela-
tives, with whom they share varying proportions of their own penes through common

inheritance (Bertram, 1976) . Therefore, shared rearing and deíence of cubs promoces

the survival of a particular female's own cubs penes as well as those found in her

nephews and nietes etc . In the Serengeti Bons may lose their kills to spotted hyaenas,
Crocuta crocuta, or to other, particularly orale, Bons . When sharing a kill within a pride,
even though an individual may not pet as much food as if she veere to punt on her oven,

kin selection dictates that it would be beuer to share the food with closely related con-
specifics than other species . Packer el al . (1990) suggested that the formation of crèch-
es by f'emales allows hunting females to hunt in optimum groep Bizes with the assurance

that their oven cubs are cared for and defended . It should also be noted that there

might be negative consequences of dispersal from prides . Although, lionesses may dis-
perse from prides, they usually stay within their natal pride (Pusey & Packer, 1987) . Dis-
persing fèmales may suffer delaycd breeding if they eventually return to their prille,

and higher mvrtality and littie or no breeding succes if they remain nomadic (Pusey &
Packer, 1987) .

Therefore, even though abundant large prey probably provide the preconditions lor

sociality in Bons, other factors which proinote reproductive fitness such as kin selection

through shared suckling and defence of cubs and sharing of prey are probably eital tor
prille survival in the Serengeti at least . Whether these factors are as important elsewhere
in the lidn's distributional range remains to be Been . For example, in the Kalahari

Desem ofBotswana, eions live in prides of up to about six fernales and their young for
only part of the year during the rainy season (Leyhause ►i, 1988) . During the dry season
prey is sv scarce that prides break down and the eions are `solitary' . In the more arid re-

gions of the Kalahari eions are said to live in monogamous pairs in the vicinity of water-
holes or oases (Eloff, 1973) .

4 . A spectrum of socialit y

I n lome ways the Serengeti eions display an extreme of social behaviour which is not
Been elsewhere . Leyhausen (1988) reviewed lion social groups throughoutAfrica and
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Asia, where known . Although there was a tendency for lions to live in prides, in grid re-

gions (e .g . Namibia), lions occurred in groups of one male and one female, and there
is anecdotal evidente to support similar small group sizes in North Africa and the Cape,

where the lion is now extinct . Domestic cats show a similar flexibility in their social or-

ganisation, ranging from the prides observed in Portsmouth Dockyard to typical solitary

non-overlapping home ranges on the Monach Islands in the Western Isles of Stofland
(Dards, 1981 ; Corbett, 1979) .

This spectrum of sociality in lions and domestic Cats is clearly related to availability

and distribution of prey or food . I n areas where [here is low prey density or low food
availability, these social species behave like `solitary cats. However, other factors may be

important (see above) in actually determining whether social groups are formeel or not .

For example, despite access to similar prey, cheetah females in the Serengeti remgin
`solitary' and nomadic, because their cubs are particularly vulnerable to predation,

even though males in the same area form coalitions . There are also limits on popula-

tion density independent of abundante of food . In a study of feral domestic cats in
Brooklyn, New York, Galhoon & Haspel (1989) found that acces to shelter limited pop-

ulation density in one area where food from refuse was far in excess of what could be

consumed by the cats.

Given this flexibility in social systems witkin single felid species, is it fair to regard oth-
er felid species as solitary? Perhaps all species could live in more permanent social

groups if ecological conditions allowed . After all the stable home range systems and suc-

cessful breeding displayed by all so-called solitary species show that individuals must in-
teract all the time or else there would be social anarchy with high degrees of agonistic

encounters, unstable and disrupted home ranges and high levels of infanticide . These

characteristics have not been discovered in field studies of so-Galled solitary cals (Kitch-
ener, 1991 ; Nowell & Jackson, 1996) .

5. Another look at `solitary' cals

The stable home range systems shown by `solitary' cals requires communication be-

tween neighbouring individuals, if they are to be maintained . Sociable cals communi-

cate at short range using facial and body postures, and vocal communication . For

example, lions display 17 different visual signals as well as contact patterns and vo-
calisations (Schaller, 1972) . `Solitary' cals also communicate in this way (Wemmer

& Scow, 1977), bul as we have Been Barlier they rarely meet, so that other Jonger range

methods are required, which do not require the Bender of the message to be present.
The most important method of communication for indicating home range renure

is scent marking. Cats are covered in glands, some of which (e .g . on cheeks, root of

tail) can be used to communicate at short range e .g. cheek and head rubbing when

cals greet (Macdonald, 1985) . However, the secretions of all glands can be used for leav-

ing scent marks on inanimate objects to communicate with conspecifics . Secretions
Erom the interdigital glands between the toes are spread on to scratching Posts to pro-

vide a powerful visual and olfactory signal . Urine is sprayed on tree trunks at a height

that is convenient for other curious noses to sniff. Faeces or scats are deposited on

prominent objects witti or without secretions trom aval glands and anal Bats by [rails .

Urine and/or faeces may allo be deposited in scrapes made by scraping the kind foet
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on the ground . All felid scent marks are visually conspicuous so that strange cats see

them more easily .

Scent marks may vary in their longevity . Urine and cheek gland secretions may last for

only a few days and require constant reinforcement, hut scrapes, scats and scratching

posts may survive for several weeks, although their effectiveness may diminish over time .

Cats may even try to extend the life of their scent marks . For example, tigers spray urine

on the underside of leaning trees to shelter their scent marks from rainfall (Smith et al .,

1988) .

Scent marking conveys a variety of information according to their chemical composi-

tion, position, frequency etc. Therefore, they are able to convey a wide range of infor-

mation to conspecifics including the identity of the home range holder, sex, breeding

condition and age of the individual that has left them . For example, hormonal prod-

ucts in the urine of oestrus females is detected by males using the vomeronasal organ in
the roots of their mouths, which results in a characteristic grimace or flehmen response

(Ester, 1972) . Scene marks have also been shown to have been used in border disputes

between tigers, where the density and frequency of deposition of scats increased in con-
tentious areas (Smith et al ., 1988) .

Scent marking in many mammals is thought to work by means of scent matching . This

scenario was first developed from observation of bovids by Gosling (1982), bilt appears to

apply equally well to felids (Kitchener, 1991) . Scent matching involves linking the scene

Erom scent marks to the cal making them. Therefore, cals often rub their cheeks against

urine sprays or transfer urine to their hind legs during scraping . Also, strongly scented ob-

jects within the home range (e .g. a rotting carcass), elicit scent rubbing (Rieger, 1979)

which transfers this strong scent to the home range owner. Scent marks are not distrits

uted only at the border of the home range, bul also along trails and particularly at inter-

sections of trails within the home range where they are most likely to be encountered (e .g .

Iberian lynx, Lynx pardinus, Robinson & Dekbes, 1988) . When a cal enters a new area, it

will encounter strange scent marks and Erom these learn the individual reent of the home

range owner. Therefore, when the cal encounters another cal within the strange territo-
ry, it will be able to identify the cal as the home range owner by matching the reent of the

reent marks with the reent of the other cat. In this way it can decide whether to retreat or

repel the strange cat. Therefore, far front being antisocial and unaware of their neigh-

bours, caps have an extensive knowledge of each other through reent marks . They may

even form temporary associations; dispersing female cals (e .g . domestic cals, tigers) will

often share part of the home range of their mother (50-80% in domestic cals in Japan ; Iza-

wa & Ono, 1986) . This temporary alliance may assist the long term survival of the female

kitten and help the mother with home range defence (Kitchener, 1999) .

Social cats ure the same kinds of reent marks, although they share a common home

range . Frequent greetings between sociable cals involving head, cheek and tail base
rubbing presumably mixer sebaceous secretions, so that there is probably some form of

groep reent, although this har not been confirmed. Lions differ Erom other cats in not

using faeces to mark their home range (Schallen, 1972) . Presumably, there are so many

scats produced in the home range, that they convey no useful information . Instead li-

ons roar logether, which not only locates and reinforces bonds between pride mem-

ber-s, hut also advertises the continuing presence of a pride in the home range to neigh-

bouring prides (Estes, 1991) .
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Ta bl e 1 . A comparison of the dis perse d soc i a l syste m of scrca ll ed su litary Cats ( tigrr) and the sociable sys tem of

lome lion populations .

I . i o n

1 . H ome rang e

2 . Te rr i tori a ] m arke r s

3 . Com munica u on m arki ng

4 . M at ing syst em

5 . Su c kli ng & defence of cubs

6 . Hunti n g

7 . Food s h ar i ng

Shared

di scre te i n terpri de

Urine sprays

soapes

scra tc hin g P os t s

Roar i n g

Vocal

Postures

Scent mar kin g

Contact patterns

G r o up sce nt ?

Polygynous

Promiscuous

Shared

Cooperative

(solitary in sumr

populations)

Yes

Tiger

Discre te

i n t rase xu al

share d intersexua l

l 'ri n e sprays

soa pes

scratching Posts

S ca t s

(Vocal)

(Pc>stu res )

Scent marking

Contact pattern s

Polygynous

Prumiscuous

Solitary

Solitar y

(coo p e rativc in some tiger

a nd a fcw e ther s pp. )

O(casional

A pattern is beginning to emerge of only subtle differencc•s in the social systeins of

so-called solitary and sociable cals (Table 1) . It would seem that if there is a suffi-

cient high density and clumped prey base, social groups may form in a variety of cal

species, although other factors (e .g . competition with and defence Erom other preda-

tors/scavengers, communal care of young) may be important in creating more cohesive

and enduring social groups . Far Erom being isolated, antisocial species with inainly ago-

nistic interactions with neighbouring cats, scrcalled solitary felids appear instead to have
a dispersed social system, which promotes territoria] stability through scent marking, so

that most social encounters are positive interactions involgring maling and rearing of

young. This dispersed sociality promoles increased probabilities of reproductive succes

for both maler and females; a male's home range usually encompasses more than one fe-

male range, where he fries to monopolise matings through territorial defence, whereas

females may mate witti more than ome male (and may encourage competition beween

maler) in order to minimise the risks of infanticide through uncertain paternity .

At the other end of the spectrum at least two felid species may form social groups of
females and their young, which defend common home ranges and display a variety of

cooperative behaviours . Perhaps the time har come to restrict the term 'solitary' to the

hunting strategy of most cal (and indeed carnivore) species, and regard all cals as being

social, although rangmg Erom dispersed social systems of most cals to the sociable

groups of some lions and domestic cals?
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SAMENVATTI N G

Zijn ka tte n echt solita ir ?

Van de ongeveer 37 soorten recente ka tachtigen worden de mees te als soli tair, n i et-sociaa l l evend beschouwd .

Er zij n ech ter een paar soorten die sociaa l l evende groepen vormen ; naast de huis k at Felis catus en de lee u w Pan-

thera leo zijn d a t, zij het in minde re mate, ook de tijger P. tigrzs, de cheetah Aciraonyx jubatus en de lynx Lynx lynx.

Het sociale systeem van huiskatten en l eeuwen k an st erk var i ëre n , a l n aar ge l ang de besch ikbaar h e id en de

ruimtelijke verdeling van het voedsel c .q . de prooidieren . Ook zaken als gemeenschappe l ijke verdediging van jon-

gen en het vergroten van de overlevings k ansen van j ongen van verwan ten (' k in selection') spel en een ro l .

H et feit dat alle k atachtigen terr i toriaal leven en communiceren me t hun buren door midde l van geurmerken

of geluid, geeft aan dat geen van hen antisoc i aa l l eeft, maar dat de zogenaamde solit aire soorten eerder in

een'verspreid sociaa l sys t eem' l even. De hypot h ese wordt ontwik ke ld dat in principe het soc i ale systeem van alle

katachtigen tot op zekere hoogte variabe l is, maar dat b ij vee l soorten de variatie niet tot ui ting k omt doordat het

ecosys teem waarin ze voorkomen di t niet toe l aat . Het begrip 'solitair' zou dan voor de katach tigen beper k t

moeten worden tot het a ll een jagen op prooi.

(S. Broekhuizen)
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AFWIJKENDE KIEZEN IN ONDERKAKEN BIJ DE VELDMUIS
MICROTUS ARVALIS

door

K. MOSTERT &J.P . BEKKER

1 . I n leiding

In het kader van het project Zoogdiermonitoring worden ieder jaar op een aantal

plaatsen in Zuid-Holland en Zeeland braakballen van uilen verzameld . Op diverse
plaatsen werden daarbij enkele onderkaakjes aangetroffen die bij de eerste

beschouwing werden gedetermineerd als ondergrondse woelmuis Microlus subtcmraneus

(De Sélys-Longchamps, 1836) . De determinatie was gebaseerd op grond van de

versmelting van de twee voorste driehoekjes van de eerste kies in de onderkaak (M,) tot

een ruit . Bij nadere beschouwing van dit schedelmateriaal werd echter duidelijk dat

deze schedelresten toebehoorden aan veld-
muizen Microtus arvalis (Pallas, 1779) met een l-~

afwijkend kiezenpatroon. Omdat deze afwijking

nog niet eerder in de literatuur is beschreven en
tot foutieve determinaties kan leiden, wordt deze

afwijking hieronder nader besproken .

2 . Materiaal en method e

De herkomst van de partijen braakballen
waarin de onderkaakjes van veldmuizen met

afwijkende kiezen werden gevonden staat met

Amersfoort coordinaten vermeld in tabel 1 . In

totaal betrof het onderkaken van 16 dieren . In

deze tabel staat behalve de maat (a) tevens ver-

meld welk materiaal beschikbaar was . In figuur 1

is aangegeven op welke wijze deze maat (a) werd
vastgesteld; dat is de kortste afstand van de

buitenste emailranden van de voorste ruit .

3 . Resu l taten

1 1

a

I n figuur 2 staan de kiezen van veldmuizen met
het afwijkende patroon weergegeven . Duidelij k

Fig . 1 . Detail van ar„-ijkende M, van Vu~rotus
is te zien dat de twee voorste driehoekjes van M, Q,.,,Qli,, a : kortste afstand tussen buitenste
tot een ruit zij n versmol ten. Opmerke l ijk is dat ernailranden van voorste ruit .
b ij geen van de onderkaken zich een soortgel ijke Heg. 1 . veem[ ofdónrane Ml ojNt scroms arvalis;

versmelting bij M. voordeed .
a : ste mtest distanre betvreen outmost email-ridgrs oJ'
n n terim rh o rnb.
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Tabel 1 . Beschikbaar materiaal van Minplus a mnlis met ruit op M, (a in min) . Zie voor de definitie van a fig . 1 .

Tahlr 1 . AvaiGcbly material o(Microtus a ivalis with rhomb of MI (a in mm) . See fag. 1 for definition of a .

specimen

spenen

Arnemuidcn 1

Arncmuiden `L

Arnemuidcn 3

Arnenwidcn 4

I3urrchccn 1

Brirlle 1

Brielle 2

Brielle 3

Delft 1

Delft 2

Delft 3

Delft 4

Hulst 1

Kloetinge 1

Middelburg 1

Staclduinen 1

Amersfoort datum bovenkaa k a onderkaak a onderk aak
coiirdinaten l in ks rechts

Amrrsjoml date maxilla alrft rzrighl

roórdinates mandibly mandible

034-392

034-392

034-392

034-392

080-421

07 1 -435

071-435

071-435

085-449

OK5-449

085-449

085-449

064369

052-39 1

032-392

07 1 -443

1 1-02-'95
'97
'9 7

1 406'99

2 1 -03-'95

25-O 1 -'96

25-01-'96

25-01-'96

1 5-0]-'96

1 5-0 1 -'96

15-01-'96

12-03-'9 7

06'96
03-'89

9-08-'9 7
06'96

absent

present

abse nt

present

present

absent

absent

absen t

absen t

absen t

absen t

present

abse nt

absent

presen t

p resen t

0,2 1

0,27

0,32*

0,2 4

absent

absen t

absent

0,24

absent

absen t

absent

0,27*

absent

absen t

0, 1 3

0,19

0,27

0,19

0,29*

0,24

0,27

0,24

0,24*

0,13

0,24

0,21

0,19

0,11*

0,29

0,24*

0,24

0,2 1

afgebeeld in fig . Y .

dvl)irtrd infig. 2.

Dat het hier geen onderkaken van ondergrondse woelmuizen betrof maar van veld-

muizen, bleek uit een aantal gegevens . Ten eerste waren de onderkaken voor onder-

grondse woelmuizen aan de grote kant. Ten tweede zat het foramen mandibulare meer
naar achteren dan bij de ondergrondse woelmuis het geval is (fig . 3, vergelijk 3c en 3d) .
Bovendien was het merkwaardig dat er geen bovenkaken van ondergrondse woel-

muizen in de betreffende braakballen werd gevonden, maar wel bovenkaken van veld-
muizen .

Vondsten van zowel complete schedels in braakballen uit Delft als in Middelburg
waarvan de bovenschedel onmiskenbaar die van een veldmuis was en de twee voorste

driehoekjes van M, van de onderkaak versmolten waren tot een ruit, gaven uitsluitsel :
de kiezen met het `ondergrondse woelmuis patroon' waren onmiskenbaar van veld-
muizen .

Tabel 1 laat zien dat er een betrekkelijk grote variatie is in de breedte (a) van de ruit :
maximum 0,32 mm (Arnemuiden 3 li) en minimum 0,19 resp . 0,21 mm (Staelduinen 1
li resp. re) . Daarbij kan de breedte van de ruit in M, van de linker onderkaak sterk ver-
schillen van die in de rechter onderkaak en in een enkel geval is er geen sprake meer

van een ruit maar van twee driehoekjes (bijv . Delft 4 : 0,27 mm links en 0,11 mm rechts) .
Ter vergelijking staan in tabel 2 het gemiddelde, het minimum en het maximum tussen
de voorste driehoekjes in de M, van de onderkaken van 24 veldmuizen en dezelfde

waarden voor de breedte van de ruiten in de M, van de onderkaken van negen onder-
grondse woelmuizen .
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r ..~ 1J

R ~C~M

'k 1 ~ } 4~~lui~q
A

1,i} ; . . . ki(vcn ~ :ui ,llirru[us arvalis mel ali~ijkcndt• M, ; a: Moe( ilig< I rclus, h : [ S 1 ii 1 l e '_' i- lun, r Ail . l), 111 I liul. .

& rechts, e & f: Arnemuiden 3 links & rechts .

Fig. 2. Molar trefli of Microfis arvalis ruilli abmant Ml ; a: Ikloelingr 1 riglit, b : Briel[e 2 right, r & d : Deljr 41rlt & nxlit, e

&f• Arnemuiden 3 lef! & nght .

4 . Discuss i e

In de literatuur wordt over het onderscheid tussen veldmuis en ondergrondse woel-

muis het volgende opgemerkt . Diverse auteurs vermelden voor de determinatie van de

ondergrondse woelmuis aan de hand van de onderkaak alleen het kenmerk van de

versmolten driehoekjes op de M, (IJsreling & Scheygrond, 1950; Husson, 1962 ;
Niethammer, 1982 ; Brink, 1978) . Schrópfer (1975) meent dat bij het ontbreken van M,

deze soort niet met zekerheid aan een onderkaak is te herkennen . Hij voegt er echter
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♦ ril , ~ .
h r

• r ' `exv '~' ~`, ay-

~•
w t

Fig . 3 . UeI,iil.. ~,iu kenmerken van Mirrn( u.ti nrr,alis (links: a,c,cl cis ml', u, - h i ., . b .il .l) . .i A Ir AI„ \ 1,

resp ., c & d : ligging van het foramen mandibulare, e & f: foramen ovale onderzijde schedel naast M" .

Fig. 3 . Details oJrhar¢ders ofMicrotus arvalis (left : a, ce) and Pitymys subterraneus (right: b,d,fi ; a & b : Ml, Ml-2 resp.,

r & d : position oJthe foramen mandibulare, r &f. position of the foramrn ovale at veelral side skull next to M3 .

twee andere kenmerken aan toe : bij de M. van de onderkaken van de ondergrondse

woelmuis zijn ook de beide vooraan gelegen driehoeken met elkaar verbonden tot een
ruit, terwijl bij andere microtus-soorten deze driehoeken steeds gescheiden zijn . Verder

is het foramen ovale schuin achter M' van de bovenkaak door een botrichel in tweeën

verdeeld (fig . 3) . Tezamen met de geringere grootte van de onderkaak, de lage opbouw

van de bovenschedel en het sterk naar voren geplaatste foramen mandibulare, maken

deze kenmerken een zekere determinatie toch mogelijk . Ook Lange e .a. (1986) noe-
men in hun determinatietabel deze kenmerken .
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Tabel 2. Minimum , gemiddelde en maximum w aard e v an a van voorste prisma d riehoeken resp . ruit van M , hij

Minotus amalis resp. Pitym ys siiblrrranw s, voor de finitie van a : z ie fik . 1 .

Table 2. Minimum, average a nd maximum valc es of a of antrrior rltomh oƒ Ml in Microzus a rvalis resp erti vely pi tyrnys sutr

te rran eus;jo r definiti o n oh a: see fig. 1 .

soort n
Specie., ,1

M . amalis 24

P. sublerrrznrics 9

minimum

minimu m

0 .08
0 .21

111 'AXIIIIUIII

maximu m

0 . 1 3

0 .32

gemid de l de

average

0 .1 1

0 .2 7

Janossy & Schmidt (1975) be richten over bijzondere varianten van M, van veld-
muizen in uit Hongarije afkomstige braakballen . Eénmaal, bij materiaal uit B ácsal i nás,

kwam de voorste lob v an M, overeen met Pitymys (M. subterraneus werd vroeger
ingedeeld in het genus Pitynaus) ; de `kenmerkende' Pitymy .~-ruit van M, ontbrak echter .

Opvallend is dat de afwijking 16 maal bij een rechter onderkaak werd vastgesteld en

8 maal bij een linker onderkaak . Een verklaring hie rvoor is niet te geven . Het geclus-
terd voorkomen van de afwijking in Arnemuiden (vier maal), Brielle (drie maal) en

Delft (vier maal) zou kunnen wijzen op een plaatselijk voorkomende variatie . Het ver-

dient aanbeveling om hij braakbalmateriaal van elders alert te zijn op het voorkomen
van deze variant .

De consequentie van de gevonden afwijkingen is dat voor het maken van onderscheid

tussen onderkaken van veldmuizen en van ondergrondse woelmuizen het niet volstaat

om alleen te letten op de versmelting van voorste driehoeken op de M . Het is noodza-
kelijk ook de M . op versmelting te controleren . Het ver naar voren geplaatste t oramen
mandibulare is ook kenmerkend. Het in tweeën gedeelde foramen ovale is in het

schedelmateriaal van ondergrondse woelmuizen uit braakballen vaak niet meer aan-

wezig .
De vondst van een aantal uit Zuid-Holland en Zeeland afkomstige onderkaken van

veldmuizen die op onderkaken van op de ondergrondse woelmuis leken, heeft ons er
toe gebracht het aan P. subtemaneus toegeschreven materiaal in de collecties van het Na-
tionaal Natuurhistorisch Museum `Naturalis' te Leiden nogmaals te onderzoeke n . Dit
had als resultaat dat één schedelfragment alsnog is gedetermineerd als variant van de

veldmuis . Deze correctie brengt geen verandering in het verspreidingsbeeld voor de
ondergrondse woelmuis, aangezien er op dezelfde vindplaats ook `echte' onder-

grondse woelmuizen zijn aangetroffen .

SUMMAR Y

Aberrant inolar mandibles in field vole Microlus amalis

I n owl pe ll ets front the provinces of Zuid-Ho ll and and Zeeland 1 4 ma ndibles showed a molar pa t ter e o f M , l o k-

ing ali ke as urig i nat i ug of li tynays siebterrnnrus ( De Sé lys-I .ongchamp s, I 836) . However, th e characteristic pa t tere

of M „was missing . Two com pl ete skul ls Erom D elft (provin ce o f Zuid-Holland) an d Mi d de lburg ( province of Zee-

land) tu rnel ou t to b e wit h cer tain ty orig i nating Erom Mirrntis arunlis ( Pa l las,1 779) . As a conseque n ce, in discrim-

inati n g between M. a ma[is an d P. subtrrraneus i n ow l p e ll ets, i t is always necessary t o ch ec k bo th t h e mo l ar pa t tere

of M , as welt as th a t of M, .
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BRUINE RATTEN RA TTUS NORVEGICU.S OP VLIELAND EN TERSCHELLING

door

G .O . KEIJL & K. MOSTERT

1 7

De ontwikkeling van de zoogdierfauna van de Nederlandse Waddeneilanden in de

laatste halve eeuw is vrij goed bekend . Verspreidingsoverzichten zijn te vinden in o .a .

van Wijngaarden (1964), van [ .aar (1981) en Broekhuizen et al . (1992) . Uit deze

overzichten blijkt onder meer dat een aantal in ons land talrijk voorkomende zoogdier-

soorten niet van alle eilanden bekend was . Zo was tot en met het verschijnen van de At-

las van de Nederlandse Zoogdieren (Broekhuizen et al ., 1992) bekend dat Vlieland en
Terschelling geen gevestigde populaties van de bruine rat Rattus noyziegicus (Berken-

hout, 1769) hadden, hoewel op beide eilanden verschillende malen bruine ratten zijn

waargenomen (Spaans & Swennen, 1968 ; Zwart, 1985; van Blaaderen & Bosman, 1992) .
Op Terschelling heeft zich tot in de eerste helft van de 20e eeuw zelfs een populatie

bruine ratten opgehouden, maar deze is door onbekende redenen verdwenen (Zwart,

1985) .

In de afwezigheid van de bruine rat op Vlieland en Terschelling is na 1988 - de slui-
tingsdatum voor waarnemingen voor de Atlas van de Nederlandse zoogdieren (op . cit .)

- echter verandering gekomen . Op 27 september 1998 vonden wij een dode, maar verse,

volgroeide bruine rat langs de Posthuisweg op Vlieland, ter hoogte van het groepskam-

peerterrein Lange Paal (Amersfoortcoórdinaten 130,7-588,2) . Het betrof ogenschijn-
lijk een verkeersslachtoffer . Wij vonden het opmerkelijk dat op een eiland waar zeer

weinig gemotoriseerd verkeer is, toch een bruine rat was doodgereden en het leek ons

toe dat er een goede kans was dat er meer dan één bruine rat op het eiland aanwezig
was . Navraag bevestigde dit vermoeden : bruine ratten komen tegenwoordig talrijk op

het eiland voor (G . de Roos, pers . med.) . Sinds ongeveer acht jaar wordt vuilnis op

Vlieland niet meer ter plaatse gestort, maar wordt het in containers verzameld en naar
het vasteland afgevoerd . De lege containers gaan weer terug naar het eiland en bruine

ratten kunnen in deze containers meereizen . De soort was rond 1996 zelfs massaal aan-

wezig, maar is nadien minder talrijk geworden . Omdat het wel vaker voorkomt dat p o-
pulaties van soorten die zich ergens vestigen aanvankelijk `exploderen' maar daarna

op een lager niveau stabiliseren - voorbeelden in Nederland worden onder meer

beschreven doorlonkers (1992) en Mostert (1992) - is 1994 of 1995 misschien wel het
jaar waarin bruine ratten zich definitief op Vlieland hebben gevestigd .

Omdat ook van Terschelling het vuilnis al sinds ca . achtjaar wordt afgevoerd naar de

vaste wal, lag het voor de hand te veronderstellen dat bruine ratten daar tegenwoordig

eveneens voorkomen . Inderdaad leverde navraag een bevestigend antwoord op (H .

Horn, pers. med.) . De bruine ratten zijn daar echter minder opvallend aanwezig dan

op Vlieland . Omdat op Terschelling regelmatig materiaal wordt aangevoerd, zoals zand

en planten, is het mogelijk dat bruine ratten hier al langer aanwezig zijn .
Melde introductie van de bruine rat op Vlieland en Terschelling zijn voor deze soort

nu ook de laatste lege plekken op de verspreidingskaart ingevuld .
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DAN KWOORD
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SU MMARY

Bro wn rats Baltu s noruegicus on Vli e l and an d T ersch elling

Un ti l 1 988, the yea r in whic h t he d a tabase for the Atlas of distribution of m amm a ls in T he N eth er l and s

( Broe khuize n e t al . 1992) was c losed , b ro wn rats Rattus noruegicu s did n ot ha ve pe rm an ent p o pulatio n s on th e
Dutch Wadd e n I s land s Vlie la nd and Tersch ellin g, alth ough at om es single individual s ve ere noticed on b o th is-

lands . On 27 September 1998 a dead brown rat was found on th e D utch Wadden I sland Vl ieland ; a subseq u ent re-

quest revealed that this species had formed permanent popu l ations on botte Islands.

About e i g ht years ago, th e munic ipa l i ti es of the Is lands start ed to re move garbage off th e I sla nds t o the main-

l an d in s p ec i al co nta i ners, whic h are s hipp ed ba c kemp ty to th e i s land . The authors believe [ te a t b rown ra ts, whic h

are common around garbage dumps in The Net h erlands, travel to the Islands inside these con tainers . Brown rats

veere extremely numerous on Vlieland in 1996, and it is therefore believed [te at the species has setded on this is-

l a nd i n 1 994 or 1 995 . As s im i lar po pul a ti o n 'e xpl osio n ' is not kn own Ero m Tersc he lling (vn whic h pl ans an d o th-

er materi a ls are regular ly i n troduce d Erom the ma i n l a nd), w e suppose [ te a t br own ra ts ve ere already se tde d on Ter-

sc h e lling before [te at date.
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THE DISTRIBUTION OF OTTER LUIRA LUIRA SPRAINTS IN RELATION TO
HABITAT EXPLOITATION IN A FISH-POND AREA, SOUTH-EAST POLAN D

by

J . KLOSKOWSK I

ABSTRACT

19

1 in vest igate d whe th er t h e s p rainting intensity of o tters Lutra luira reflected th e o tte rs' h ab i ta t expl o i ta ti on o f

d ifferent h abi ta ts (ca re pond s, adjacen t wa te rflows) i n a carp Cyprinus carpio fish-pon d area in Sout h -Eas t P o l a nd .
Rati os of spraint num be r in areas inc ludin g different resou rces vee r e positively corre lated with ra tios of habitat-

specific prey ex p reseed in t erme of we i g ht and relative fre qu e n cy ofoccurrence. H o wever, du e to m any sources o f

variation in sprainting behaviour, practica l use of spraint distribution to identify the re l ative importance of d i f-
fere nt h abitats/ habitat A arts as fond sources fo r otte r s is n ot recomm e nde d .

Key words: /,utra luira, p rey exploitation, m a rking activi ty, spraint surveys .

1 . I ntroductio n

The threatened status of the otter Lutra lutra in some European countries has result-
ed in a general concern for the species and stimulated conservation programmes (Ma-

soit & Macdonald, 1986) . While direct observations of otter activities are difficult as the

animale are secretive and mainly nocturnal, otter faeces ('spraints'), often deposited in
conspicuous places, are easy to collect and to discriminate from those of sympatric car-
nivores . As spraint surveys potentially constitute a cheap and easy technique for conser-

vationists, some researchere have [ried to assess population status or habitat use on the
basis of spraint density and distribution (review in Mason & Macdonald, 1987; Lodé,
1993; Lovett et al ., 1997) . However the sprainting frequency of diurnal otters observed

in open coastal sections in Shetland was not related to the use of these sections (Kruuk
et al ., 1986), although there was a relationship with numbers of individuals seen over

long stretches of the coast (Conroy & French, 1987) . This controversy is more compli-

cated as we Jack a clear understanding of marking activity as part of a communication
system between conspecifics . The most plausible interpretation may be provided by

Kruuk (1992) who described it as a spacing-out function in the context of resource
utilization .

Many studies have found a positive association between numbers of spraints and some
structural properties of riparian habitat considered attractive for otters, like good cover

(Jenkins & Burrows, 1980) or number of potential holes (Macdonald & Mason, 1983) .

Although the associations seem sometimes obvious, there is little direct evidence for the
importante of these habitat components for otters . Recently Prenda and Granado-
Lorencio (1996) demonstrated the correlation between fish availability and otter mark-

ing intensity, bui again the association between actual prey utilization and spraint dis-
tribution was not investigated . 1 have attempted to examine the relationship between
sprainting intensity and the eitent of habitat exploitation . Data on spraint distribution
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in two distinct hut interconnected habitats characterized by different pret' types and

pret' proportions veere used as a direct measure of resource utilization .

2 . Study area s

The study sites veere two common care (,yprénus carp io pond-complexes with associat-

ed waterflow systems in Lublin Province, South-East Poland (51 ° N, 22 ° E) : fish-farms in

Tysmienica and Jedlanka, and adjoining catchments of the middle Tysmienica River

and of the lower Bobrówka River, respectively . The catchment areas contain a network
of watercourses on a plain covered by a mosaic of agriculture land, meadows and conif=

erous forests . The pond-complexer, stre tching 20 km along waterways, are of similar

area, totalling 127.5 ha of water surface in Tysmienica (19 ponds) and 130 ha in Jed-
lanka (13 ponds) . The habitat features of ponds veere similar in both localities with

shores almost entirely devoid of tree and shrub cover and average water dep th of 1- 1 .5

M .
After regulation in the sixties the Tysmienica River and the Bobr ówka River beds

shared similar physiography: artificially straightened river channels up to 5 m wille and

up to 1 .5 m leep, witti banks revetted wi th branches . However, there veere pronounced
differenCes in the bankside vegetation between the investigated river sections . The

Tysmienica banks entirely devoid of trees and scrub veere used for grazing, while the Bo-

brówka banks veere wooded witti alder Alnus glutinosa or covered witti brambles Rufrus

spp .
Basic information on fish production in ponds veere provided by the local fisheries

managers . Tysmienica ponds veere stocked witti fry and 1 year old carp, white in Jedlan-

ka elder cohorts veere eredominant (tish in their second and third year) . The total bio-
mass of the care stocks varied markedly disring the year witti the maximum valtie of'

338800 kg over both pond-complexer .

O tters have been appearing in the region for mant' years, farmed Ilsh being au im-

portant part of their dief (Kloskowski, 1999) . No means of preventing otters from visit-

ing the ponds vee re undertaken by the local fisheries .

3 . Method s

3 .1 . Spraint sampling and pret' proportion estimate s

Spraints veere collected regularly twice a month disring standard walks along pond

shores and banks of adjoining rivers Erom April 1994 through March 1995 in Tysmieni-
ca and Brom November 1994 through October 1995 in Jedlanka and unless stated oth-

erwise data refer to these periods. The sampling stations veere chosen as representative

of the two main foraging habitats available to otters in the study area : 'care ponds' and
`rivers' (including lateral channels and dikhes of comparable width) . In Tysmienica

5 km of the waterflow banks and 5 km of pond shores veere monitored and in Jedlanka

2.5 km and 2 .5 km, respectively (Fig . 1 a, b) . Spraints veere searched lor lor up to 5 m

Erom the water edge .

Based on preliminary investigations including snowtracking betwec•ii )aiitiary 1994
and March 1994, the closely associated different habitat sections in Bach study site veere
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Fig. 1 . Distribution of stations sun~c~~cd for spraints of otters (a) Tysmienica ; (b) Jedlanka .

assumed to be frequented by the same otters . Taking into account the dimensions of ot-

ter ranges in freshwater habitats (Kreuk et al ., 1993; Durbin, 1996), it is possible that

some individuals visited both study sites, bet as otters deposit spraints close to the for-
aging sites (Kreuk, 1995) and the pond complexes veere separated by human settled ar-

eas adjoining extensive stretches of waterways with no otter signs, significant occur-

rence in spraints collected at one study site of pret' originating from the other site seems

unlikely .
All samples veere pooled on a monthly basis to reduce the biases associated with small

sample sizes and stochastic factors influencing numbers of detected spraints per single

walk, like during or following heavy rains or snowfalls . Even so, the numbers of spraints

collected in,Jedlanka fell below 20 in June July and data from this period veere exclud-

ed from the quantitative evaluation of pret' proportions in the otter dief The process-
ing of samples followed standard techniques . Pret' remains veere identified against a ref-

erence collection and using existing guides . Two methods of expressing the spraint

contents veere used : relative frequency of occurrence (RFO) relating the number of oc-

currences (presence of a pret' category in a spraint) of a pret' item to the total number
of occurrences, and relative weight percentage (RWP) relating the sum of weights of in-

dividuals of a pret' item to the total weight of all pret' individuals (Bekker & Nolet,

1990) . In the latter method, the total lengths of consumed pret' veere derived from the
lengths of species specific `key-bones' and converted to marses using published regres-

sions and equations based on samples collected in the study area. Feather remains veere

identified to bird family level (Brom, 1986) . The mean weights of family species most

commonly breeding in the area veere taken trom Cramp & Simmons (1977) .
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3 .2 . Prey classification to habitat

Lutra , vol . 43 , 2000

Carp occurs in the study area only in aquaculture and differentiation between the use
of `riverine' and `aquacultural' food resources is feasible through feacal analysis, as prey

items retrieved from spraints may be assigned to the two corresponding habitat types.
All carp remains in faeces veere assumed to represent cultured stocks, whereas occur-
rence of wild fish prey indicated use of the associated `rivers' . To check this distinction,
in October 1995 data on fish populations in the upper and middle course of the

Tysmienica and in the lower reaches of the Bobrówka veere collected with 350 V, 4-10 A
pulsed DC electrofishing equipment. Sampling was conducted at several sections along
the watercourses that had been checked for otter spraints . At each section fish veere col-
lected after 30-60 min . of sampling per 100 m of watercourse . Seventeen fish species

veere recorded (n = 1199), but no care veere caught with the exception of a few individ-
uals in an outflow channel at one of the fry ponds . However, lome tiny `coarse' fish
usually invade the ponds through water inlet boards . In consequence, the proportions
of fish prey caught in the ponds, based only on carp remains, may have been somewhat
underestimated. In the fry ponds fish from uncontrolled proliferation accounted only
for 1 .0-1 .5% of the total biomass at harvest but in some ponds with older cohorts it was
higher, even reaching 5% . Wels Silurus glanis and pike Esox luciusveere stocked in a very
small proportion, together totalling less than 0 .2% of the farm fish production over
both study sites . In fact no weis and only occasionally pike remains veere retrieved Erom
spraints .

The crayfish Astacus astacus has also been considered as `riverine' prey, as it has never
been detected in the ponds . Bird prey has been assigned to `ponds', because species
representing taxa recorded in the spraints (Podicipedidae, Rallidae) veere only observed
in this habitat. Other prey categories (insects, amphibians and mammals) veere omitted
from the estimates below as they contributed only a small fraction of the estimated ot-

ter diet (see results) .

3.3 . Data analysi s

To determine the association between the use of resources and marking level, month-

ly ratios of spraints collected along the pond shores relative to the number of spraints
along the associated waterflows veere related to the corresponding ratios of pret' char-

acteristic for these two habitats. Data veere presented not as absolute numbers hut ratios

to avoid the confounding effects of fluctuations in seasonal sprainting rates and in re-

lation to different proportions of otter ranges represented by the sampling sections.
The statistical tests veere performed according to Sokal & Rohlf (1981) .

4 . Result s

Altogether 1722 spraints veere obtained in Tysmienica and 589 in Jedlanka. On an an-
nual basis over both study sites fish formed the bulk of the estimated otter diet (83 .5%
in terms of weight and 89 .5% of all occurrences) . Crash and birds constituted 1 3 .0%
by biomass and 6 .8% in terms of frequency of occurrence and the other pret' 3 .5% and
3.7%, respectively. The evaluations of the proportions of the pond and riverine pret' by
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biomars and occurrences veere positively correlated both in Tysmienica (Spearm an
rank correlation, r, = 0.79, n = 12, P < 0 . 005) and in Jedlanka (r , = 0 .83, n = 10, P <

0 .005) . Riverine prey predominated in the otter dief in ferms of occurrence (Wilcoxon

signed-rank test, Tysmienica : T = 0, n = 12, P = 0 . 002 ; Jedlanka : T = 0, n = 10, P = 0 . 005),
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but not in terms of weight (T = 35 , n = 12 , P = 0 . 75 and T = 26 , n = 10 , P = 0 . 88 , respec-
tively) .

The monthly proportions of riverine and pond prey in the two study sites varied

markedly throughout the year (Fig . 2) . In Tysmienica the proportions of prey charac-

teristic for ponds ranged from 22 . 3% in December to 80 .7% in March in tenns of

weight and Erom 5 .0 % in Janua ry to 31 .0 % in March in terms of occurrence ; in ,Jedlan-

ka: Erom 14 .3 % in June to 76 . 2% in March by weigh t and from 4.7% in May to 18 .5% in
March by occurrence . Similarly , the propor t ions of spraints deposited along pond

shores relative to the total number of sprainGs in both habitats fluctuated Erom 4 . 2 °o in

December to 51 .8% in March in Tysmienica and trom 1 .3% in December to 34.2 °o in

March in Jedlanka (Fig . 3) . The ratios of spraint numbers in different habitat sections

and tbc ratios of prey characteristic for these habitztts veere positivel y correlated in both

study sites (Fig. 4 a, b) . The values of correlation coetficients veere higher for the Jonger

sections in Tysmienica, but the differences veere not significant (P = 0 . 48 in terms of bio-

mass and P = 0 .27 in ferms of occurrence) .

The seasonal trends in the monthl y numbers of de tected spraints veere consistent in

both localities investigated (r , = 0 .78, n = 12, P < 0.005) with the highest totals in winter

and lowest in nummer (spring = March-May, nummer =June-August, autumn = Septem-

ber-November , winter = December-February ; Tysmienica: X° = 204 .0, Jedlanka x' =

217 .1, df= 3 , botte P < 0.001) . As the data veere not corrected for seasonality, the sign

test was used to compare sprainting intensities in the two studied habitats . In botte s tudy

sites the monlhly totals of spraints veere higher a t the running waters than at the ponds

(n = 12; Tysmienica : P = 0.01 ; Jedlanka : P = 0 .001) . To check for a possible effect of lhe

bankside cover, spraint densities (km ' ) along river baraks in botte study sites , differing

structurall y only by the degree of tree cover, veere compared . There was no significant

diffèrence between wooded sections in Jedlanka with the mean spraint density of 17 .4 ±

11 .0 (Si)) and bare stretchen in Tysmienica (20 .4 ± 10 .2) throughout the year (Wilcox-

on : T = 22, n = 12, P > 0 . 18) .

5 . lli sc u ss i on

The associations between [he dietary shifts and changes in patterns of over spraint

distribution suggest that the extent of faecal marking in ara area reflects the use of prey

in this area. However, inferences based on correlational data require caution, more-
over, the present results depend on a number of assumptions:

(1) otter feces distribution was not affecled by sex and age differences in habitat uti-

lization (bui nee Durbin, 1996) ; sprainting raten of all resident otters in the study area

veere similar, independent of their age and sex (Kreuk, 1992) ;
(2) The applied methods accurately expressed the proportion of different prey cate-

gories in otter dief . Quantifications of prey importance based on occurrence scores
have been recently demonstrated to he of litlle precision, bui their accuracy may be im-

proved by ranking only the main prey categories and using the hard skeleton parts nutte

as key-bonen, selected for reninfante to digestion as in the present study (Carss & Parkin-

son, 1996) ;
(3) seasonal spraint disappearance rade and fluctuations in marking activity veere of

the same pattern in different habitats . Floods, which shorten the survival ofspraints at
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rivers (Jenkins & Burrows, 1980) veere of minor importance at the regulated segments

of waterflows investigated .

Provided that the above assumptions are right, a relationship between otter spraint-
ing activity and usage of resources appears to be demonstrated . However, it does not ex-
plain the function of the marking behaviour. Also, practical monitoring for the assess-

ment of relative prey exploitation by otters on the basis of spraint density levels will
encounter numerous methodological problems . Most of them veere pointed out in the
Barlier discusion on the validity of spraints for surveys of otter populations (Conroy &

French, 1987; Kruuk & Conroy, 1987) . As otter sprainting activity showed a pronounced

seasonal trend similar to that described in Western and Central Europe (reviewed by
Mason & Macdonald, 1986 ; Kranz, 1996), including a decline in the numbers of
spraints detected in summer, it would be difficult to collect reliable spraint samples in
some months . Furthermore, the comparisons should refer to counts conducted within
the shortest possible time span or to scores corrected for seasonality . Presiiming that
there is some relationship between otter and spraint numbers (Conroy & French, 1987 ;
Mason & Macdonald, 1987), correlation between spraint density and the extent of habi-
tat exploitation may be biased by differences in otter numbers . The method seems to be
of little use in areas where otters are rare, as in the context of smal] numbers of discov-

ered spraints random factors may contribute to unknown biases in the counts .
Differentiated marking activity along otter ranges due to some habitat characteristics

unrelated to food resources (Kruuk et al ., 1986) presents another serious source of er-
ror white comparing spraint numbers . This problem was avoided in the present re-
search since it was conducted in the area comprising only two habitats (whereas otter

ranges usually comprise more complex habitats) and by correlating ratios and not di-
rect numbers . However, in both study sites spraint densities at running waters veere

higher than at ponds throughout the year, although riverine prey prevailed only in

ferms of occurrence, which may be of importance for functional explantion of the
marking behaviour . These results could not be explained by the effect of bankside veg-
etation, as no significant differences in spraint densities veere found between veel]-wood-

ed and bare stretches of river banks (see also Prenda & Granado-Lorencio, 1996) .

In both study sites pronounced seasonal shifts in the otter exploitation of the adjoin-
ing habitats veere documented . In areas dominated by aquaculture these changes pre-
sumably result from differences in availability and profitability of alternative resources
(Kloskowski, 1999) . In different, but associated habitats, such fluctuations in spraint dis-

tribution corresponding to shifts in habitat utilization may be easily confused with sea-
sonal trends in marking activity .

Concluding, changes in spraint distribution veere related to shifts in prey exploitation
by otters. However, the value of spraints as indicators of the extent of resource utiliza-

tion or for the identification of food patches important for otter populations is love be-
cause of numerous local sources of variability in marking behaviour and pence it is not
recommended .
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SA M ENVATTING

He t voorkonen van 'spra in[s' in re lati e t o t het habitatgebruik door o tter s Lutra lu tra in een gebied niet veel

vi svi jvers in z ui dwest- P o l e n

De relatie tussen het'sprainteu' (het opvallend deponeren van uitwerpselen) en het terreingebruik door o tte rs

werd onderzocht in twee gebieden in zuidwest-Polen met veel visvijvers voor het kweken van karpers Cy1innats car-

pio en met daarop aansluitende gekalanisrcrdc rivicrlopen . Nagegaan werd of het aantal uitwerpselen per oever-

lengte een maatstaf was voor het habitatgrbruik van de otters, waarbij er vanuit werd gegaan day kat pens alleen in

de kweekvijvers voorkwamen en niet-gekweekte vissoorten kenmerkend waren voor de watci lopen niet stromend

water .

Spraints werden in beide gebieden gedurende éé n jaar twee keer per maand verzameld . In liet dal van de rivi-

er Tysmienica werd van zowel vijver- als rivieroever 5 km af-gezocht ; in het dal van de Beneden Audrdwka Rivier

was dat 2 ,5 km . De voedselsamenstelling werd zowel bepaald aan de hand van de relatieve fre kwentie van

voorkomen per prooisoort in de spraints, als aan het percentage omgerekend versgewicht van de in de spraints

aangetroffen prooien ten opzichte van het totale versgewicht van alle prooien samen .

Voor beide gebieden gold dat de verdeling van het aantal spraints over de oevertypen en de via de beide meth-

oden vastgestelde voedselsamenstelling positief gecorreleerd waren met de beschikbaarheid van prooi . Toch

leent het aantal van de gevonden spraints zich niet als maatstaf voor het habitatgebruik. Daa rv oor rijn er te veel

variabelen in het spel die onafhankelijk zijn van de voedselvoorraad, zoals de beinvloeding van de eindkans van

spraints door weersinvloeden en de invloed van het seizoen op het gedrag van de otters .

(S . Bru ckhui ze n )
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OTTER LUTRA LUI'fiA MON I TORING IN DENMARK BASED

ON SPRAINT SURVEYS, COLLECTED CARCASSES AN D

REPORTED OBSERVATIONS

by

A . B . MADSEN & B. GAARDMANll

ABSTRACT

29

F. urxsiau otters Lutra luira a re difficult to ubse rv e directly in their natura) habitat .' I'he re fore reliable methuds

for assessinQ disvibution and abondance are invaluable . The standard procedure of vurveying otter distribution is

compared and evaluated against tbc number of otter c arcasses and tbc numbcr of observations reported . The

number of otter carcasses Erom different regions is positively corre lated with tbc proportion of positive sites and

the meao nuinber of otter signs per positive site recordel during otter surveys trom the same ar eas . This suggests

that sprainting intensi ty is a Bood indicator of the relative population sire at the scale used .

No signi fi cante is found between reported observations of otters and survey results and collected carcasses and

we state thal ohse rv ations are of lilde valzee in conservation of the species . However, the reappearance of the otter

on tbc island of Sjxlland at an occasional check, after 1 0 years of absence , was not apparent in tbc national sur-

veys or tbc geographical dis tr ibution of otter carcasses . Findings in this study therrfore stre ss the need for care in

tbc intrrpretation of spraint su rv eys as a means oF detecting isolated pockets of otters with very low densities . Sur-

veying must allo he carried out in toonlies with no evidente of otters for lome years .

In natioual surveys most sites are only visiled once . The refo re , it is of crucial impuruince that national spraiut

su rveys are carried out in the months when the sprainting activity is highest, the herbaceous vegeta tion low and

snoes is nut present, to ensu re that as mant' ott er sites as possible are detected .

Ke} Wurd s: /, eitra lutra, spraint su rveys, carcasses , obse rva ti o ns, l o w d ensi ty .

1 . I ntroduction

Eurasian otters Lutra )zetra are difficult to observe directly in their natural habitat . Re-

liable methods for aslessing distribusion and abondance are therefore of considerable

importance because of [he tenuous status of the species . Monitoring results are of par-

licular interest to conservationists working in low density otter areas maximizing the

management polities .
Mant' authors have discusled the use of spraint (otter faeces) surveys as a method of

assessiug distribution, density and habitat utilisation of' otters (e.g . ,Jefferies, 1986 ;

Kruuk et al . 1986; Conroy & French, 1987 ; Kruuk & Conroy 1987; Mason & Macdonald,

1987; O'Sullivan, 1993 ; Kloskowski 2000) . Romanowski et al . (1996) evaluate lome of
the factors affecting the effiency of the search for spraints . At present, authors altree

that surveys using the standard methodologry (Anonymouti, 1984) geve a reliable picture

of otter distributio►1 whereas the use of surveys as a measure of otter density and habitat

utilisation is still in dispiste .
With Dolt' a few hundred otters lef t, the Danish branch of the World Wide Fund tor

Nature and the Danish Anima) Welfare Society carried out surveys in Denmark in 198-1-

86 and 1991 . After a nationwide otter protection campaign, a tentral collection ofotter
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carcasses and otter observations from the whole country was established . The reappear-

ance of the otter on the island of Sjxlland after 10 years of absence inspired the aalhors
to examine and compare the information from the different sources .

This paper compares and evaluates spraint survey results with the number of otter
carcasses delivered and observations reported Erom one and the same area and coord i -
nated by only one institution . According to our know l edge, this is the first t ime that
such data have been subject to comparison and evaluat ion .

2 . Materials and method s

2 .1 . National survey s

National surveys veere carried vut on 1154 sites in the period November 1984 to May

1986 only in the months November-December and March-April (Madsen & Nielsen,

1986) and on 767 sites in the months March-medio May 1991 (Madsen et al ., 1992) .
Some sites without reported observations veere not surveyed in 1991 . The technique
used was the standard method used in otter surveys in Europe as Biven by Anonymous
(1984) . At each survey site a maximum of 600 m bank and a minimum of 200 m was
searched for signs of otters . Particularly spraints are often deposited at conspicuous
places along the banks of waterways . A mean number of 2 .5 sites per square veere sur-
veyed . Only primary spraints or clear footprints (< 1 %) veere accepted as evidence of ot-
ter presence .

2 .2 . Otter carcasses

I n Denmark, private persons are not allowed to store otters N%rithout permiss ion Erom
the National Forest and Nature Agency . Game consultants and taxidermists are distrilr

uted evenly across the country, and after the national campaign the readiness of people
to collect dead otters and forward the individuals is estimated to be the same in the dif-

ferent regions of the country . Based on this assumption, the number of otter carcasses
is likely to be a reasonable indicator of the population site of otters in the counties of
Renmark. The game consultants and taxidermists collect the dead otters and forward
the carcasses to one central collecting site, the Natural H istory Museum, Arhus . Infor-
mation on date of death and precisely geographic origin for each otter was Biven and

confirmed by a telephone call to the supplier of the otters . A total of 194 otter carcass-
es veere received during the period 1979-1993. The origin of one otter is unknown
(Madsen et al ., 1999) .

2 .3 . Observations reporte d

Direct observations of otters veere reported by telephone or letter . Based on informa-
tion on size and colour, some observations veere sorted out as mink (Mustela vison) . In
total, 467 otter observations veere reported during the period 1984-1994 . After a na-

tionwide otter protection campaign, we expect these to be equally likely to be reported
Erom the whole country.
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2 .4 . Surveys i n the county of Vestsjaellan d

I n December 1994, one otter spraint was collected by a biologist from the norther n
inflow to Lake Tissu and in January and February 1995, both spraints and Pootprints
veere found at the same site . All spraints veere confirmed by the authors . During the pe-
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Fig . 2 . G eogra phical di s[ributi on of 1 93 co ll ec ted car- Fig . 3 . Re po rt ed o b se rva tions of otters f Yom priv ate

cris es o f ott e rs durin g th e period 1 9 7 9- 1 993 ( after per so n s in the pe ri o d 1 98 419 94 (N = 467 ) .

Madscn et al ., 1 999) .

riod, 2 to 25 March 1995, a spot check survey was carried out : 106 sites veere visited in

the county of Vestsjxlland and the border areas to the county of Storstrom by very ex-
perienced surveyors (Leth & Byrnak, 1996) .

3 . Result s

3 . 1 . National surveys

National surveys in 1984-86 and 1991 showed the geographical distribution of the ot-

ter in Renmark to be largely restricted to the northern part of Jutland (Fig . 1) . The
number of positive sites (%) and mean number of otter signs per positive site (200 m

stretch) in 1991 in the different counties is positively correlated (r=0 .89, t=2 .75, P<0 .05)

(Table 1) . However, the number of positive sites (%) showed no correlation with re-

ported observations from the same toonlies (r= 0 .71, t=1 .43, ns . )

3 .2. Otter carcasse s

The majority of otter carcasses came from the northwestern part of Jutland, and only

few trom the other party of J uUand and Funen (Fig . 2) . One individual originated Erom
the island of Funen in 1979, one from the southwestern part of Jutland in 1982 and one

Erom the eastern part of J utland in 1986 . The number of otter carcasses Erom the dif-

ferent counties is positively correlated with the proportion of positive sites recordel

disring the 1991 otter survey (r=0 .98, t=6 .93, P<0.01) (Table 1) . The rumher of otter
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Table 1 . Corre lation coeffici en ts b etween th e positive s ites (%) of the national otter survey 1 99 1 , th e mea n nu m-

ber of otter s i gns p er positive si te (200 m stretc h) in the national otter s urvey 199 1 ( bl adsen et al ., 1 992), collec t-

ed ott er carcasses du ri ng th e per io d 1979- 1 993 (bl adsen et a l ., 1 999) the n umb er of otte r observatio n s re ported

durin g th e period 1984-1994 and population den sity i n the different counties (statis tica) sign ifi cance: *<0.05,

**<0 .01) .

positive site s

co ll ected

carcasse s

reported
observations

collected mean number of sign s

carc asses per positive sit e

0 . 98 "' 0 . 89'

0. 83'

reported population

observations density

0.7 1

0.78"

-0 .4 1

carcasses was also positively correlated with the mean number of otter signs per positive
site in 1991 in the different counties injutland (r=0.83, t=3 .17, P<0 .05) .

3 .3 . Observations reporte d

Observations veere reported Erom all counties in Denmark (Fig . 3) . The biggest num-

ber came Erom the northern counties in Jutland. A high human population density

could give a high number of observations . However, the number of reported observa-

tions showed no correlation with population density in the same areas (r=-0 .41, t=-1 .50,

n .s .) (Table 1) . In Denmark only very few amateur mammalogist are present which

maybe in other countries could give a high regional number of observations . Only fcw
persons are responsible lor more than one observation .

The number of otter observations was positively correlated with the number of otter

carcasses trom the same counties (r=0 .78 t=4 .20, P<0 .01) .

3 .4 . Surveys in the county of Vestsjaellan d

Disring the national survey in 1984-86, 98 sites veere visited in April 1986 in the coun-

ty of Vestsja~lland (Fig . 4) without any positive result . Four sites around Lake Tissu veere

revisited in February ] 989 also without any positive results . Diaring the national survey
in 1991, 37 sites with otter observations reported veere surveyed again in March without

any positive result . In total, 35 sites veere visited in both surveys .

Even though high water levels impeded the standard procedure at many localities in
the spring survey of 1995 in the county of Vestsjxlland, three (3%) sites veere found pos-

itive . The positive sites veere found in two different catchments : Halleby A-Tissu and

Bregninge A-Saltbxkvig . Based on the age of the spraint (very fresh) and the survey

date on the vwo sites, more than one otter was presumably living in the area . Both catch-

ments veere connected to the wast . One of the positive sites was the same as found by a

biologist in December 1994 .
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4 . D iscus ion

Our results confirm a Bood relationship beween the ► lational surveys carried out in

1984-86 and 1991 and the overall geographical distribution of otter carcasses . Such a

comparison has not been published before vn a national level . Spraint surveys of otters

in the western part of Germany altree with the Danish survey results as the nearest pos-

itive sites are found 60 km south of the border (Heidemann & Riecken, 1988) and near-

ly 175 km Erom the nearest positivo site in Renmark .

Furthermore, the number of otter carcasses is positively correlated witti the propor-

Fig . 4 . Surveyed s ites in th e c oun ty of Ves45j xlla nd , D e nmark in 1 986 ( Mailse n & Nielsen, 1986 ) and 1991 ( Mad-

sen et al ., 1992) and positivo s i tes fo u nd in 1 995 (Let h & B yrna k , ] 996) .
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tion of positive sites as well as with the mean number of otter signs per positive site, sug-

gesting that sprainting intensity is a Bood indicator of relative population size . In Scot-

land, Green (1991) found correspondingly that the number of rond casualties in an ad-

ministrative region correlated with the proportion of positive sites in the most recent

national survey . The results are in some way in contrast to Kruuk & Conroy (1987), who

state that the number of spraints is not related to the number of otters . Their results are

primari l y baserf on studies on marine otters on Shetland . This discrepancy is a result of

the scale of resolution and we firmly state that spraint distribution is helpful in asessing

otter occurences ('distribution') on our scale of investigation, hut not on a smaller scale

(`habitat utilisation') . This results is also in accordance with the paper by Kloskowski

(2000) who can not recommend the use of spraint distrubution to identify the relative

importance of different habitats/habitat pars as lood sources for otters .

Comparing the survey results and the distribution of otter carcasses on the one hand
with observations reported by individual persons on the other, the geographical diver-

gence is extreme and subsequens surveying could not confirm the observations . Otters

veere reported in 6 out of 13 counties, where no evidente was found in the surveys or in

the form of otter carcasses . Similar results are seen between otter observations from pri-

vate persons and records of otters baserf on surveys in Germany (Heidemann & R ieck-

en, 1988) .

Baserf on the data of otters killed and on the official game bag record from Denmark,

Jensen (1964) found evidente of otters in the county of Vestsjxl l and (~mosen, Skar-

reso og Saltb2ekvig) in 1960 and, on the basis of questionnaires, Schimmer (1981) esti-

mated in 1980 that only a few individuals veere found in Vestsjxlland .
Apparently, otters survived or recolonised these areas after lor more than 10 years

without any evidente disring two surveys and in a period with large number of dead ot-

ters from other Paris of Denmark being sent in . The death date for the last dead otter

received from Sjxl land was October 1967 (Hans Baagoe, Zoological Museum, Copen-

hagen, pers . comm .) . Otters escaped Erom captivity and reintroduction to the county of

Vestsjoelland are unlikely . In Denmark, only one institution in the county of ~rhus has

a licence to keep Lutra luira and nobody has permission from the National Forest and

Nature Agency to re introduce otters . The southern distr ibution of the otter in Saveden

is limited to an area east and north of the Lakes V~nern and V~ttern (Sandegren et al .,

1989) . Positive evidente of otters on Funen dales back to a dead otter delivered in 1979

and one spraint found on the central part of Funen in 1985 (Christian Engelstoft

Nielsen, pers . comm.) . On the other hand, it should be possible that otters from these

areas can reach the county of Vestsjaelland even though the counties are separated by at

least 17 km of open sea . The Outer Hebrides and Ireland have been co l onized since the

I ce Age, at distantes greater than 17 km in seas far rougher than Chose of Denmark.

Kruuk et al . (1986) suggested that otters with love densities may not deposit spraints at

typical sites . The results mentioned above seem to agree with this .

Spraints from otters in negative sites in the county of Vestsjxlland might have been

found if stretches larger than 600 m had been visited in our surveys or in other national

surveys . Mason and Macdonald (1989) point out that in a survey where 1000 m of bank-

side was checkerf, 96% of the positive sites veere found witpin the first 600 m . This implies

that an extension of the survey length wilt only increase the percentage of positive sites
recorderf by a smalt fraction (see allo O'Sullivan (1993) and Green & Green (1980) .
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Isolated pockets of otters witti low density can be difficult to defect . Their presence
may be confirmed in subsequent surveys as reported by Macdonald & Mason (1988) .
However, it is not possible to select areas for a repeated survey and all negative sites
must be revisited . Based vn our reported observations of otters from individual persons,

no areas seem to be more conspicuous to survey to detect isolated pockets of otters than

others . Romanowski et al . (1996) mention that the reliability of the survey in areas witti

low numbers of otter signs can be improved by using spot checks at additional bridger
and extended searches of river banks. However, the absence of signs at a series of sites
(negative sites) does not provide evidence that otters are not present in the area .

Conroy & French (1989) state that the counting of spraints when the number are low-
est during the year (in the seasonal troughs) is more likely to give the best relative in-

dex of the long-term breeding population . This can be used in areas witti well-estab-
lished otter populations . But to ensure that the survey also gives a Bood picture of the
otter distribution in areas witti fragmented, low density populations, as in the main part

of central Europe, it is of crucial importance that counting takes place in the months
when spraint intensity is highest. In Saveden and Britain, the period between October
and April is mentioned (Erlinge, 1968; Mason & Macdonald, 1986) . In Stiefland too,
most spraints veere found in late winter/early spring, fewest in mid/late summer (Con-
roy & French, 1989) . Based on 10 years survey results in four catchments in Denmark
(bladsen et al ., 1996) the months March-May are preferred .

Romanowski et al . (1996) mention that the following factors decrease the chance

of detecting otter signs : flat and wide river banks, fluctuations of the water level and
increased human activity . In this connection, we would like to mengion that differen-
ces in searching method can also influence the survey results . It is difficult to Eind
out in the published surveying reports exactly which way the individual surveyer is mak-

ing the search for spraints, e .g. which banks are chosen first and in which way is it pos-

sible for the indivual surveyer to optimize the positive results by preferring rome
stretcher.

To avoid management activities like reintroductions in an area where otters are al-

ready present, it is very important to optimize that as many otter sites as possible are de-
tected in surveys .

5 . Conc lus ion

We conclude : (1) sprainting intensity is a Bood indicator of the relative population

site on the scale used here, hut otters may be present even when no spraints are found ;
(2) otter surveys must also be carried out in areas that lack evidence of otters for rome
years, and in areas assumed to have isolated populations surveys have to be carried out

more intensively and frequently ; (3) in national surveys most sites are only visited once

and therefore it is of crucial importance that spraint surveys are made in the months

where the sprainting activity is highest, the herbaceous vegetation is love and snoes is ab-
sent .
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SAMENVATTING

Monitoring van o tters Lutra luira in Denemarken aan d e h an d va n o n derzoe k naar ottermes t ,

verza m e l de karkassen en me l dingen van waarneminge n

Eurazische otters (Lutra luira) zijn in het veld moeilijk direct waar te nemen . Goede methoden om hun ver-

s p reiding en mate van voor komen te kunnen bepalen zijn d aarom van groot be l an g . In dit arti kel word en d e

uitkomsten van de IUCN-standaardmethode voor het inventarisaren van ottersporen, vooral ottermest

('spraints'), vergeleken met het aantal gevonden dode otters en met het aantal gemelde waarnemingen van otters

in h et veld .

Bij de landelijke inventarisaties bleek het aantal doodgevonde n otters per regio zowe l positief gecorre l eerd te

zijn met he t percentage van de inven tarisatieplaatsen waar otterspore n werden gevonde n , als met h e t aant al va n

de s p oren per pos i tieve inventarisatieplaats. B ij de omvang van de D eense r egio's lijk t de inten sit e it van he t

`s prainten' d aa r o m een brui kb are indi catie voor de relatieve populatiedichtheid .

Er bl ee k geen positieve correla tie te zijn tussen h et aantal geme l de otterwaarnemingen per regio en de

uitkoms t van he t sporenonderzoek, n och me t h et aant al ingezonden doodgevond en o tters . Hierui t moet gecon-

cludeerd wor d en dat h et aanta l van de otterwaarnemingen maar van beperkte waarde i s voor het soortbe leid .

Daar s taat tegenover dat oo k n i et b li n d kan wor d e n gevaren op d e landelij k e invent arisaties van `sprai nt s' en

dood gevon d en otters . Zo werd de h erkolonisatie van het e ilan d Vestsjxlland , na een afwezigheid van de o tte r daar

van tien jaar, min of meer bij toeval door een bioloog geconstateerd, maar bij de officiële inventarisatie gemist .

H e t is overigen s n iet geh eel uit te s lui ten dat de otter er s tee d s, zij h et in zeer geri nge dic hth eid, aanwezig is ge-

wees t. D i t beteke nt dat systematisc h e inventarisati es oo k moeten wor d en gedaan in regio's waar al een aantal jaren

geen otters meer zijn geconstateerd .

Bij d e lan de l ijke sporeni n vertarisa ties werden de meeste plaa tsen maar één maal bezocht . H e t is daarom van

groot be l ang dat zo'n inventarisatie gedaan wordt in de maanden waarin ot ters h et m eest ac ti ef z ijn met het neer-

leggen van `spraints', de kruidenvegetatie nog laag is en er geen sneeuw ligt, zodat de kans op het vinden van

`s pra i nts' zo groot mogelij k is .

(S. Br oekhuizen )
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THE IMPACT OF WOLNES (:ANIS LUPUS (L., 1758) ON WILD UNGULATES AND
NOMADIC CINESTOCK IN AND AROUND THE HUSTAIN NURU U

STEPPE. RESERVE (MONGOLIA)

by

J .P .M. HOVENS, K.H . TUNGALAKTUJA, T. TODGERIL & D . BATDORJ

ABSTRACT

The impact of wo l ves Canis lofrus (Lin naeus, 1758) on livestock and wi ld l ife in and around t he Hus tain Nuruu

S t eppe Reserve was s t udied from 1 993- 1 997 by in terviewing a ll h erdsmen i n the researc h area, monitorin g w ild

u ngulates, and conducting wolf stat analyses and wolf den observations . The wo lf density in the research area in-

creased aft er Apri l 1 994, wh en hun ting in the reserve was forb i d d e n . Wo lvel raised th eir pu p s i n (he reserve and

h un ted Jives toc k outside t h e reserve . Related to ava il ability wo l vel predated more wi l d ung ul at es t h an Jivest ock,

hut d epended on th e J at ter . M ost kill ed veere th e domes ti c ho r ses, es p ec i ally foa ls, and s h eep . Th e po p ula ti on o f

Mongo li an gaze ll en Gazella gu tterosa remained s ta bl e i n size bot , exce pt for 1 996, the red deer Cm.us rGiphus pop-

ulation d ec li ned per a n n u m doe to p redation by wolvel. The excepti onal increase of the r ed deer po pula ti on i n

1 996 was cause d by immigra tion of re d d eer Erom th e B og d Oo l Reserve . Th e extremely love ca lf/h in d ratio in the

au tum n of 1 99 7 (22/ 1 00) apparantly resulted Ero m wo l f pre d a ti on of ca l ves in combi n ation with bad wea ther at

cal ving tim e .

Th is study is an examp l e of a p red ator-prey sys tein in w h ich the predator pop ul a t ion remains on a hi gh leve l by

preying on Jives t ock as the w il d p rey popu l at i ons are small. Th e predators th ereby cause one of t he wild p rey p op-

ulation s t o decline . M anage m e nt recommendations to mitiga te the n egati ve e ffects of wo l f preda tion and to en-

sure th e exis tence ofwolvel in Mongo lia are di sc usled .

Key words: Canis lupus, Crrviis elaphus, Gazella gutterosa, J ivestoc k , M ongolia, p red ation .

1 . Introductio n

The presente of wolvel Canis lupus (Linaeus, 1758) in a nature reserve can create sev-

eral concerns . One is that presente of Jivestock in or near a reserve, especially in areas
with few wild prey, may result in heavy predation on stock (Bibikov, 1982 ; Boitani, 1982,

1992; Cuesta et al ., 1991) . This hal a negative effect, financially, for stock-broeders who

live in or Heat a reserve .

Predation of' wildlife by wolvos, especially when the main prey is au endangered
species, can be another concern (Jhala, 1993) . Nowadays most biologists are convinced

that wolvos may occasionally contribute to the reduction of prey numbers (Mech &

Karns, 1977 ; Bergerud et al ., 1983 ; Galaway, et al ., 1983; Galaway, et al . 1992) hut, un-
der natotal circumstances, do not exterminate their prey (Mech, 1970) . However, when

Jivestock is present, they may serve as a buffer species in the predator-prey system .

Predators can remgin at a high population level by doponding on Jivestock as staplefood
when wild prey populations decline, which allows them to suppress ntnnbers of wild

prey (Davis, 1957; Schaflor, 1967) .

In the Hustain Nuruu Reserve (HNR) both reasons for concern exist : the wolf densi-

ty in the reserve is high, populations of red deer Camus elaphus, Mongolian gazelle

Gazella gietterosa and the since 1994 re-introduced Przewalski horse Equies p rzrrualskii are
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still smal l, and livestock is abundant around the reserve . According to Mongolian biol-
ogists and herdsmen, the number of wolves in Mongolia increased after 1990 . Before
1990, a wolf hunt was organized throughout Mongolia every first weekend in February .
I n May 1994 the Mongolian government accepted the reserve's protection rules and
wolf hunting was forbidden . I t was feared that wolves might decimate or even extermi-

nate wild ungulate populations .

The main objective of this study was to examine the impact of wolves on wild ungulate
populations and the role of Jivestock in the Hustain Nuruu Reserve . As, up to 1-1-1999
only 10 of the 87 free-ranging Przewalski horses died from wolf attacks (all veere foals),

and 18 more births than deaths have occurred since 1992, only the impact of wo lvos vn
Jivestock and wild herbivoren is discuseed in this article .

2 . Method e

2 .1 . The research area

The research area (120,000 ha) is situated 100 km southwest of Ulan Bator (Mongo-
lia) and encompasses the HNR and its direct surrounding . It is mainly covered with
steppe and mountain-steppe . The area immediately outside the reserve is used by no-

mads to tend to their Jivestock . The climate is continental, characterized by cold winters
with mostly a few centimeters of snoes . The research area can be divided into three ar-
eas : the HNR (1), the agricultural area in the north (2), and the Tuul valley in the south

(3) .
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(1) The HNR (50,000 ha) was established as a national park in 1993 . It is part of a
mountain chain which runs north-east south-west . Its mountains are mainly covered with

steppe and lome small (in total 4,168 ha) forests, which consist of birch Betula plntyphyl-
&t and poplar Populus tremula (Photo 1) . The reserve's elevaUon is 1340 metres and its
highest mountain is 1841 metres . A Bood description of the vegetation in HNR is Biven

by Wallis de Vries et al. (1996) . Red deer and roe deer C,apreolus capreolus veere concen-

trated in the largest forest area and its surroundings, the so Galled Core Area (10,604
ha .) . Apart Erom wolves, the only other large predator in the research area is the lynx Fe-

lis lynx, which occured in very love densities within the reserve and was rarely seen .

(2) The agricultural area northwest of the reserve is rasher flat and used for growing
crops and nomadic stock-breeding . Large pars of this area consist of grain fields . Due
to a lack of permanent water no wild, and few domestic ungulates inhabited this area .

(3) The Tuul valley is situated between the reserve and the Tuul river south-east of
the reserve . The Tuul valley is also flat and covered with steppe grassen and some river-

ine forests . In none of the areas stray dogs veere ever observed .

2 .2 . I nterv iews

From September 1994 until September 1997 all families in the research area veere in-

terviewed during spring and autumn . Because lome families only lived in the area dur-
ing a few months in winter or spring, one additional interview period han been added

since 1996 . Interviewed herdsmen veere asked about their Jivestock numbers, wolf kills

of Jivestock, and if they knew of any wolf dens or had seen wolf pups recently . Whenev-
er possible, reported wolf kills veere checkel . We are convinced that herdsmen lid not
exaggerate the number of wolf kills, because Mongolians generally consider it their oven

fault when they lose mant' Jivestock to wolven . All reported wolf lens veere checkel for
present or recent use .

2 .3 . Wild ungulate number s

Disring transect counts the following was noted : date; transect route number ; re-
porter ; observed species ; total number ofanimals in a groep ; number of females, malen,

juveniles, and unknown ; time of observation ; co-ordinates (on a grid map) ; site ; activi-

ty ; weather; remarks. All observers started out at the same time and met afterwards to
eliminate double sightings .

The autumn (1 August - 1 November) number of red deer in the Core Area in 1995

and 1996 was estimated by applying the Outer Bound Method of Population Estimation
(Robson and Whitlock, 1964) . The Core Area was covered by five transect routes, that
veere checkel on a weekly basis after 1995 . In the autumn of 1994 no transects veere

counted . Therefore the average number of red deer per transect route in the Core Area

Erom 1 August - 1 November in 1994 (57 transect counts carried out) and 1995 (53 tran-

sect counts carried out) veere used to extrapolate the number of red deer in the reserve
in 1994 . Only 8 transect counts veere carried out in autumn 1993 . Red deer veere never
observed outside the reserve . In 1995, 1996 and 1997 the numbers of deer outside the

Core Area veere estimated every autumn by sampling at least 70% of the reserve outside
the Core Area .
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Most Mongolian gazellen veere easily counted, as they veere moving in one or
two herdl in autumn, the only ones in the Tóv Province . In 1996 the number of gazel-

les was determined by a local herdsman who tolti us that he counted the herti several

timen .
Few roe deer inhabited the reserve . Roe deer veere only neen near the forests in the

`Gore Area', and their number was always estimated to be fewer than 20 .

2 .4 . Wolf scat analyses

Wolf scats veere collected in the HNR, apart Erom three all inside the Core Area . On-
ly scans of adult wolven (> 1 .5 cm) estimated to be lens than six months old were ana-

lyzed. Hairs, claves, bonen and teeth in scats veere identified using the laboratory's refer-

ence collection . Hairs veere identified by making microscope slides using glycerol and

microscopie observation . The frequency of occurrence of prey species (percent of
scats) was noted . Hairs of red deer, and Mongolian gazellen veere not distinguishable

Erom each other ; neither veere the hairs of cows and goats . Therefore the following íbur

ungulate groups veere identified : (1) sheep; (2) cows and goats ; (3) wild ungulates (red

deer and Mongolian gazellen) ; and (4) horsen .
The frequencies of occurrence of prey species in wolf scats of captive wolven underes-

timates the number of small pret' actually consumed . For pret' of approximately

the same size, frequency of occurrence in scats will represent their relative occurrence
in the diet (Floyd, et al ., 1978; Weaver, 1993) . However, under natural circumstances

factors like carcass use and attendant scavengers strongly influence the relation be-

tween the frequency of occurrence and the number of pret' actually consumed
(Weaver, 1993) . Dead animals in or nearby the HNR were usually found and eaten with-

in a few hours by cinereous vulluren Aegypius monachus. Because outside the reserve wolf

kills veere sometimes watched over by herdsmen in order to shoot the wolven if they

should return, wolven rarely returned to eat Erom a pret' a second time . Therefore smalt
and large ungulates, after being killed by wolven, resulted in similar amounts of wolf

scats .

The G-test was applied to test whether ungulates veere killed by wolven at random . The

observed frequencies veere the number of scats with remains of each ungulate groep .

The expected frequencies veere derived Erom the average numbers of ungulates Erom
Mat' 1995 - October 1997 in each ungulate groep .

3 . Resu lts

3 . 1 . Interv iew data

Table 1 gives the numbers of livestock and households in the research area . Most val-

leys witkin the reserve contained no livestock . Most households veere living in the agri-

cultural area during the winter and spring and in the Tuul valley during the nummer
and autumn . Table 2 gives absolute and relative numbers of wolf kilts among Jivestock

in the research area .
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Table 1 . I .ive s tock and h ou se holds in the r ese arc h area ( to tal = to ta l h ead of Jives to ck; house h = numbe r of ho u se-

holds; not = nu m ber o f ho u se h o ld s no t visite d) .

time of count s heep goals cows horsen t otal h o u seh ❑ ot

end o f Aug `94 14 ,945 * 1 ,711 1 ,326 17 , 982 64 1

end of May ` 95 12 ,357 1 ,477 1 , 3 58 ] ,5 9 3 16 , 785 41 2

end o f Aug ` 9 5 10 ,824 2 ,308 1 ,496 1 ,642 16 ,270 62 3

end of Apr '96 1 2,531 4,410 2 , 0 51 2 ,840 21 ,862 62

b egin Jun e ` 96 14,311 4 ,57 3 2 ,542 2 ,711 24 , 1 37 64
b egin Se pt `96 1 5, 696 4 ,665 2,263 2 ,321 24 ,945 66
D ec ` 9 6 + Mar `97 1 5, 6 34 6,8 1 6 2 , 745 2,662 27 ,857 61
end o f May '97 12 ,364 4,969 1 , 860 ] ,587 20 , 780 51 ]

begin Se pt `97 10 ,410 4,804 1 ,762 1 ,747 1 8, 723 55 ]

*: goals a nd sheep loge th er

Table 2 . Absolute and relative numbers of wolf kilts among Jivestock in the research area . Winter/spring concerns

the period 1 September until 1 ]une, bul in 1996 until the first week ofJune . Summer concerns 1 june until 1 Sep-

tember, hut in 1996 the first week ofJune until 6 September .

period sheep goat cow horse total

n % n % n % n % n %

winter/spring '93/94 39 0.3 * * 4 0.2 12 1.0 55 0.3

nummer `94 " 1 0.0 * * 1 0.0 0 0.0 2 0.0

winter/spring `94/95 ]09 0.9 3 0.2 14 1 .0 125 7.8 251 1 .5

summer'95 35 0.3 4 0.1 4 0.1 57 3.4 100 0.6

winter/spring `9 .5/96 125 0.9 44 0.9 38 ] .7 ]48 5.3 355 1 .5

nummer `96 46 0.3 7 0.1 6 0.2 30 1.2 89 0.3

winter/spring `96/97 " 88 0.7 9 0.2 26 1 .2 74 3.2 197 0.8

nummer `97 39 0.4 20 0.4 2 0.1 29 1.6 90 0.2

" : During winter and spring `93/94 and nummer `94, only 51 of the 631ivestock owners, owning 14,844 and 17,982

animals respectively, veere asked about wolf kilts .

" : Results of two interview periods . Previously only one interview period was organised concernmg winter and

spring .

*: goats and sheep logether.

3 .2 . Numbers of Jivestock, wolven and wolf kilts among Jivestoc k

In the periodjune 94 - May 95 the number of wolven per transect count (Table 3) and

the number of wolf kilts among Jivestock (Table 2) was increased compared to the pe-

riod June 93 - May 94, suggesting a growth of the wolf population in the reserve . After
1995 the number of wolven per transect count decreased . In the winter of 1995/1996 a
wolf hunt day was organized again in the T6v province and at least 13 wolven veere
poached in the reserve that winter.

3 .3 . Wolf stat analyse s

A total of 301 wolf scats was collected and analyzed from May 1994 until November
1997. Table 4 gives the relative occurrence for each prey item .
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Ta bl e 3. Numbe r o f wo lvel pe r tran sec t count in th e Co r e Are a.

period sig hted tra n sec t

wo lvel c ounts

1 june '93 - 3 1 May ` 94 3 32

1 june `94 - 3 1 May ` 95 49 208
1 Jun e ` 9 5 - 31 May `96 2 3 11 9

1 Jun e ` 96 - 3 1 May `97 24 183

Luira, vol . 43, 200 0

wo lvel per

transect coun t

0 .09

0 .24

0 . 1 9

0 .1 3

Tab l e 4 . Fre q uency of occurrence of prey items in 30 1 wo l f scats and estimated p eriods in w hic h scats were defe-

cated .

1 Nov `94 - 1 Nov `95 - 1 Nov `96 - total

31 Oct `95 31 Oct `96 31 Oct '97 period

(97 stars) (121 sca ts) (83 scans) (30 1 scats)

n % n % n "1o n %

horse 19 16.1 64 42.7 16 15.5 99 27

sheep 26 17.8 25 16.7 4 3.9 55 15

goat/sheep 21 22.0 20 13.3 16 15.5 57 15

Jivestock 55.9 72.7 35.0 57

wild ungulate 15 12.7 12 8.0 39 37.9 66 18

marmot 31 26.3 13 8.7 20 19.4 64 17

others 6 5.1 16 10.7 8 7.8 30 8

tota l 1 18 150 103 371

" : Marmota bobak

" : unid en tifi ed b i rds, l o slik Citellus undulatus, w il d boar Sus strofa, hedge h og h.'rinaceus d¢uu rirus, mo u nta i n hare

Lepus timidus, unidentified rode nts, badger Meles meies .

3 .4 . Wolf den s

Nearly all wolf dens in the research area veere in the reserve : one den (with pups) was
found north of the reserve in 1993. Beverai dens in the reserve contained pups in 1992,

1993 and 1994. Three litters veere found in the reserve in 1995, 1996 and 1997, two of

which veere always in the reserve's Core Area . The two dens in the Core Area in 1996

veere observed for leverai days . The distante between these lens was about 200 metres
and pups of both litters played with each other (Photo 2) . Because the dens veere aban-
doned at different dates and the estimated ages of the litters veere 2 and 3 months, there

was no doubt that the (nine) pups belonged to two different litters . Based on these da-

ta we estimate that two or three wolf packs inhabited the reserve during the study peri-
od .

3 .5 . Wild ungulates

The numbers of red deer in the HNR and it's Core area are given in Table 5 . The sud-
den increase of the red deer population after the autumn of 1995 was doe to immigra-
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pion of red deer to the HN R . An ear-tag ex periment in the Bogd Oo l Reserve ( BO R ; a

40,000 ha . reserve s i tuated 1 00 kilometres cast of the HNR) by D r . D . Enkhtuvshin i n-

d i cated that red deer emigrated from the BOR to the HNR and further west (BUGA

company, unpubl . data) . The esti ma ted popu lation size of red deer in the BOR de-

creased from 2 .170 red deer in March 1994 to 1 .950 red deer in spring 1996 . The BO K

was found to be overgrazed by red deer and Ji vestock, resu l ting in very l ow ca lf/h iud ra-

tios (7, 9, 8, 20 and 16 calves per 100 hinds in March 92, 93, 94, October 95 and spring

96 respectively; Dr . D. Enkhtuvshin, BUGA company, unpubl . data) . Gonditions for im-

migration of red deer in the HNR had probably improved since many local people with

their Jivestock lef the reserve and hunting was no Jonger permitted as a result of the ac-
ceptation of the HNR protection rules by the Mongo lian government. Tabli 6 shows

the Hamher o f "cabes per 100 hinds Erom 1 August tintil 1 November .

Mongolian gazelles occurred only in the Tuu l valley, where they veere abundant 45

years ago . Table 7 gives the size of the population since 1994 .

4. lliscussion

Disring the study the population of Mongolian Gazelles remained stable . Except lor

1996, the reserve" red deer population declined yearly since 1994. This was not caused

by starvation, since food was abundant (after May 1994 most people with their livestock
lefi the reserve) and no high snoes conditions occurred .

.1 < , , u . .l il „ iiin„ „ ,~ II 1 nij~. luli>ng i iig liu r i n . in .i . l , ilu ~ l .~n r . Ai ~ ~ . i . Pli , ~

tograpl c H a ns Hovcus .
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Table 5 . Re d deer numbers i n th e Core Area an d in the total reserve .

period ••

au tumn 1 993

autumn 1 994

autumn 1 995

spring 1996

autum n 1 996

a utu mn 1 997

Core Are a

ca . 1 53 (a)

153

115 (b)

221 (d)

301 (c)

193 (e)

total reserve

ca . 263 (a)

263

198

> 22 1

42 1
303
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" : autu mn p eriod is Ero m 1 Aug u st - 3 1 Se ptem ber; s pring period i s Ero m 1 Ma r c h - 30 April .

a : the to tal o f th e ave r age nu mbers of r ed d ee r pe r tra nsec t rou te in au tu m n 1 993 was si milar to t hat in autumn
1994.

b : up, conf. lim . (p = 0 .05) for the estimated population = 133 .

c : up . conf. lim . (p = 0 .05) for the esti mated popula ti on = 1327 .

d : up . conf. lim . (p = 0 .05) for the estimated population = 607 .

e : up . conf. lim . (p = 0.05) for the estimated population = 373 .

Tab l e 6 . Numb ers of calves p er 1 00 h i n ds i n th e HNR i n th e p eriod 1 August - 31 Oc t ober .

yea r

1 993

1 994

1 995

1 996

1997

ca l ves

33

33

35

27

22

total"

sighted

379

380
747

997
67 1

*) : only ani ma l s of herds of w hi ch all mem bers were identified induded.

Table 7 . Num bers of Mongo li an gaze ll es in th e Tuul valley i n September-Oc to ber.

year

1994
1995

1996

1997

m ale r females j u ve nile s

15 35 25

10 --47 1 5

11 , ] 1 , 1 0

8 , 51 3 1 2

t o ta l

75

76

70

76

Both the numbers of wolvel sighted per transect count (Table 3) and the percentages

of livestock killed by wolvel (Table 2) suggest that wolf numbers increased after sum-
mer 1994 . Compared to other studies the number of wild ungulates per wolf pack (2 to
3) in our study was small (Table 8) .

Since wolvel usually kill mostly calves (Okarma, 1991) and very old red deer (Kunkel,

1997), a high predation pressure wilt result in low calf/hind ratios . The calf/hind ratio
in the HNR (35-22 calves per 100 hinds) was low .

In a North American ecosystem with a declining red deer population where wolvel

and cougars Puma concolor veere the most significant source for mortality of red deer,
the overall yearly survival rate of kinds was 0 .83 (range 0 .77 - 0 .89) (Kunkel, 1997) . The
number of kinds in this population can only remain at the same level when there is au
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Ta bl e A . N umbe r s of wild u ngulates per wo lf or wolf pac k i n several s tud i es.

stud y ungulate u ngula tes u ng ula tes authors

area species per wolf per pack

interi or moose 140-158 Gasaw ay et

A l as ka caribou a l ., 1 983

interlor moose 20-83 Galaway e t

A l aska caribou al ., 1983

Ma nitoba moose

caribou

I sle R oyal moose

(averag e

] 969- 1 984)

easte rn moose, red

P o land deer, roe deer,

wild boa r

Kenai Pen-

i n s ul a (A las ka)

Pukaskwa

Nat. Par k

HN R

Mongolia

Alcvs altes

&ingifer tarandus

134-147 536-960

2 9

485-637

moose 72-40 5 4 ?r1267

al ., 1 9 8 4

moose 25

caribou

red deer

Mong . geelles

91 -246

Carbyn,1983

Peterson,

1977

Glowacinski

& Profus, 1997

Peterson et

47

remar ks

sta ble ungulate

populations

decli ning ungulate

populations

in most years

declining moose

populatio n

Bergerud et declining moose

a l ., 1983 populatio n

prese nt s tudy

annual recruitment of 17 yearling kinds per 83 kinds, which agrees with 20 .5 year-

ling kinds kinds per 100 kinds . In case of an equal mortality race among male and

female calves this agrees with a calf/hind ratio of 41/100 at the end of the spring .

This ratio suggests that calf survival in the HNR was too low lor a stable red deer popu-

lation .
The lowest autumn calf/hind ratio in red deer (22/100) occurred in 1997, indicating

goor lemmer and autumn calf survival . Meteorological data from the HNR weather sta-

tion from 1994 - 1997 revealed that the weather conditions at calving time veere excep-

tionally bad in 1997 . From 15 May till 15,June, the temperature at 8 .00 am. was below

5.6 °C 19 times, compared to 6, 10 and 8 omes in 1994, 1995 and 1996 respectively .

However, the fact that the occurence of wild ungulate remains in wolf scats drastically

increased after October 1996, and that 9 out of 21 remains of wild ungulates (encotm-

tered in wolf scats produced between 1 May 1997 and 29 October 1997) veere of animals
younger than 6 months, leggesis that predation by wolves was an important cause for

the high calf mortality in 1997 as veeli .

Wolf predation among ungulates was not random (G-test: G= 441 .3, cl. f. = 3, p < 0 .001,
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n = 301 . Especially wild ungulates (expected frequency = 5, observed frequen(y = 66), bui also
horses (expected frequency = 27, observed frequen(,= 99) veere predated more often than ex-
pected . The later is likely an effect of husbandry practices . Mongolian horses are some-
times not Been by their owner for weeks, whereas sheep and goats are herled during the
daytime . Moreover cows, goats and sheep spend the night near their owner's ger (Mon-
golian tent) . Wolves selected wild ungulates over Jivestock, but remained at a high den-
sity by preying on the Jatter.

As most wolf scats found within the reserve's Core Area contained Jivestock remairs

(Table 4), but few domestic animals veere killed witkin the reserve, this indicates that
wolvel which denned in the reserve primarily depended on Jivestock they killed outside

the reserve .

This study is an example of a predator-prey system in which predator populations re-
main high by preying vn Jivestock when wild prey populations are love . The predators
thereby cause lome wild prey populations to decline . Schaher (1967) described a simi-
lar situation fier tigers Panthera ligris, Jivestock and wild ungulates in the I{anha reserve
in India . Konkel (1997) described a predator - prey system in Montana, where wolvel
and cougars caused red deer populations to decline, even though they depended on

white-tailed deer Odocoileus virginianus (Zimmermann, 1780) .

5 . Management recommendation s

Wolf management should be plannel on a national level . Before 1990, wolfhunts
veere organized every first weekend of February . According to Mongolian biologists and
herdsmen, the wolf density throughout Mongolia increased after 1990 . As nowadays
wolvel are killing considerable amounts of Jivestock throughout the endre country,
wolves are not popular in Mongolia .

Reintroduction of the yearly organized national wolfkont would decrease the losles
of Jivestock. This kas to be combined with protection of wolvel in large reserves, since

at this moment the HNR is the only Mongolian reserve where wolvel are protected . To
prevent isolation of subpopulations and to ensure the long-term existence of wolvel in
Mongolia the effect of wolf korts kas to be monitored carefully . To improve the atti-
tude of local people towards wolves, education on wolf ecology is necessary .

Managers who consider the reintroduction of wolvel in relatively smalt sized reserves
that border on Jivestock areas have to consider that wolvel can cause the decline of lo-

cal wild ungulate populations .
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SAMENVATTIN G

De invloed van wu l ven op wi l de hoefdieren e n vee in en rond h et H usta i n Nuruu Steppe Reservaat (Mongolië )

Van 1993 tot en met 1997 werd de invloed van wolven op vee (schapen, geiten, koeien en paarden), edelherten

en Mongoo l se gazrll rs in en rund h et H us ta i n Nuru u Ste ppe Reservaa t bepaald . H e t onderzoeksgebied had een

opp ervla k te van 1 20 .000 ha, waarvan h et reservaat zo'n 50 .000 ha uitmaakte . De hoevee lhe i d vee en het aanta l

door wo lven gedode s tuks vee werden bepaald door m id del van i n t erviews me i a ll e h uish o u dens in he i onder-
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zoeksgebied . Po pulaties ede lherten en M o ngoolse gaze ll en wer d e n rege lma tig geteld . Daarn aast we rd e n w o l ve n -

spra int s verzameld en gean al yseerd . H e t wo lvendi eet werd vervo lgen s vas tges t e ld d oo r te bepalen i n hoeveel pro-

cen t van de onderzoc hte sprain ts elke voedse l soor t voorkwam .

Wo l ven ho len we rd en beoordeeld o p aanwezigheid van pups. Vermoede l ij k nam d oor d e i ns t e ll i ng van een

jac h tverbod de wo lvendi chthei d na ap r il 1 99 4 toe. Wo lven b rac hten hu n j ongen g r oo t i n het reservaat , maar pre-

d eerde n vee l vee bui ten h e t reservaa t . H et wolvendi eet bes tond h oofd za ke lij k u it vee e n wilde even h oevig en

(ede lh ert en Mongoo l se gaze ll e) . Het voo rko m en van deze prooisoorten in de verzam e ld e ke u te l s w as res pec-

tieve lijk 55,9% en 12, 7 % van 1 novembe r 1 994 tot 1 november 1 995; 72,7% en 8,0% van 1 n ove mber 1 995 to t 1

n ovembe r 1 996 e n 35,0% e n 37,9% van 1 novemb er 1 996 tot 1 nove mber 1 997 . De wolve n doodd e n o nde r h e t vee

voo r al hui spaarden ( m et name ve ulens) en sc ha pe n . Gerela teerd aan het aa nw ezige aanta l individuen per

p rooi soor t a t e n w o l ven s i gni ficant m ee r ede lh er t en, M o n goo l se gazellen en huis paarden . Een verklaring voor de

voo rkeur voo r hui spaarden is dat deze dag en nacht on b ewaakt v rij ron dl ope n . H e t overige vee w ordts 's nac ht s

in een k raa l o pgesloten en bovendi en worden sch apen e n geiten ove rd ag ge hoed . De po pul atie M ongoo l se

geel l es bleef gedurende de studie min of meer constant (70-76 indhriduen), maar het aantal edelh erten nAm, be-

h a lve van 1 995 n aar 1 996, jaa rl i jks af. In 1 996 n am h e t aan ta l e d e lhe rten toe doo r immigra tie vanuit h e t nabij g e le-

gen Bogd Ool Reservaat . D e l age aan ta ll en ka l ve ren p er 1 00 hind en in het najaar van 1 993 (33), 1 99 4 (33), 1 995

(35) en 1996 (27) vallen enkel te verklaren door predatie van kalveren door wolven . Het uitzonderlijk lage aanta l

van 22 ka l veren per 1 00 h in den i n he t najaar va n 1 997 valt te wijt en aan pr edatie van kalvere n d oor wolven in co m -

bina tie m e t slec hte weerso m s tand ig h e d en i n de geboorteperiode ( h alf m e i - eind juni ) .

D ankzij de aanwez i g h e id van grote aantallen vee ro nd om h et reservaa t ko nde n d e wolve n in h e t reserv aa t hun

h oge dic hth ei d h andhaven . D oordat er per wolf s l ec hts weinig ed e lh er t en en Mo n goo l se g aze ll en b esc hikb aar

waren en wo lven een voork e u r h adden voor beide prooisoorten, werd groei van de po pul a ti e M ongoolse w ell es

verhinderd en nam de populatie edelherten af. Deze studie is een voorbeeld van een predator-prooi relatie waarin

de pred atorenpopulatie groot b l ijft door vee te prederen op het moment dat wi lde prooi dierpopulaties klein zi-

jn . H ierdoor veroorzak en de predatoren een afname van één van de wilde prooid ierpopu l aties.

H e rint roduct i e van de j aarli j k s i n h et he l e l an d ge h ou den wo l ve nj ac ht r oti de verliezen aan vee i n M ongolié

ter u g d r i nge n , maar dient gepaard te gaan met b escherm ing van wolven in grote reservaten . Om iso l atie van sub-

populaties te voo rkom en en um he t b estaan van wo lven op d e lange t er mij n t e ga rand ere n dient h e t e ffect va n

wo lven jac ht zorgvuldig te worden gevo l gd . Om de attitud e van de lo ka l e bevolki ng te n opzichte van w o l ve n te ver-

beteren is e du cat ie over de levenswijze en ecologie va n de wo lf noo dza ke lijk. Be hee rd e rs d ie h erintroduc tie va n

de wo lf overwegen d iene n zic h er van bewus t te z ijn da t wolve n in ee n re l a ti ef kl ein reservaa t d at w or dt o m r i ngd

door veetee ld, een afname van h et aan ta l wi lde hoefdieren kun n en veroorzaken .
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SVEN DIJKGRAAF (1908-1995) UND SEINE EXPERIMENTE MIT FLEDERMAUSE N

von

A. Hinke l

1 . E i n leitu n g

Vor etwa 50 Jahren widmete Herr Prof. Dr. Sven Dijkgraaf zwei fledermauskundliche

Beitr~ge dem 150sten Todestag des italienischen Priesters und Physiologen Lazzaro

Spallanzani (1729-1799) - einem der bedeutendsten Pioniere der experimentellen Bio-

logie (Dijkgraaf, 1949a, 1949b) .

Einen Teil von Briefen und Versuchsprotokollen aus Spallanzanis Nachlass hatte des-

sen Freund,Jean Senebier (1742-1809), Bibliothekar und Naturforscher in Genf (CH),
in die Hdnde bekommen und veroffentlicht (Senebier, 180 7*) [Die mit einem * verse-

henen Titel bzw . Jahreszahlen sind aus der Sekund~rliteratur ubernommen ; d .A . - der

Autor] .

Dijkgraaf iiberpriifte die uberlieferten Versuchsprotokolle Spallanzanis und fiihrte
eigene Experimente durch, welche ihm das Ritsel der Echolokalisierung gro(3enteils

entschlusselten (Dijkgraaf, 1943) . Sein abgeschlossenes Buchmanuskript zu diesem

Thema, welches er 1943 beim Springer Verlag (Berlin oder Heidelberg?) einreichte, sei
den Bomben des zweiten Weltkrieges zum Opfer gefallen, teilte man ihm sp~ter mit .

"Ein ausfiihrliches Manuskript uber unsere Versuchsergebnisse ging infolge der Kriegs-

ereignisse verloren, als es sich beim Verlag im Druck befand . Es erschien nur eire vor-

l~ufige Mitteilung in holl~ndischer Sprache" (Dijkgraaf, 1946, p . 442) .

In Folge der Kriegsumst~nde erfuhr Dijkgraaf erst nach dem Zweiten Weltkrieg, dass

amerikanische Forscher zu einer ganz ~hnlichen Auffassung uber das Wesen des Or-
tungsvermógens der Flederm~use gelang[ waren . Seine Beitráge erlangten daher wenig

Bekanntheit, obwohl er noch mehrere Male uber das Ph~nomen der Echolokalisierung

publizierte (Górner et al ., 1996) . Da in den meisten Quellen einfach nur der Name

Dijkgraaf dahingestellt ist (z . B . Schober, 1983, p . 139; Richarz & Limbrunner, 1992,

p . 27), wird mit diesem Artikel hier versucht, ihn und reine Verhaltensforschungen an

Flederm~usen der Vergessenheit zei entreissen .

2 . llijkgraafs Lebe n

Sven Dijkgraaf warde am 17 . IV.1908 in Den Haag (NL) geboren, wo er auch zur

Schele ging. Von 1927 bis 1931 studierte er Biologie an der Fakult~t fiir Naturwissen-

schaften in Wien (A), danach von 1932 bis 1933 in Miinchen (D) . Einer seiner Lehrrr

in Munchen war der Physiologe Karl von Frisch (1886-1982), welcher sick zun~chst mij
dem Geschmacks-/Geruchs- and Tastsinn von Fischen, sp~ter mit dem Orientierungs-

sinn der Bienen befasste . "Bienen-Frisch" war ein Cousin der Muteer von Dijkgraaf', des-

halb verband sic zeitlebens eine verwandtschaftliche Freundschaft . In Miinchen wurde

llijkgraaf im Jahre 1933 zum Doktor der Philosophie promovier[ reine Dissertation be-

handelte die Funktion der Seitenorgane an Fischen (Dijkgraaf, 1934`) .
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1935 vuurde er Assistent am Zoolo-

gischen Laboratorium der Universiteit Gro-

ningen und 1936 Hauptassistent, 1938

Privatdozent und 1946 Lektor fiir verglei-
chende Physiologie daselbst .

Am 25. Oktober 1948 vuurde Dijkgraa

fzum Universit~tsprofessor fiir vergleichen-
de Physiologie an der U ► iiversitzit Utrecht
berufen, wo er ein Versuchslaboratoritxm

leitete und bis zu seiner Pensionierung iul

_Jahre 1974 vergleichende Physiologie lehr-
te . Von 1966 bis 1968 war er Dekan der Fa-

kult~t fiir Wissenschaften und Naturkunde
zit Utrecht . Er hielt viele Vortr~ge und oi--
ganisierte internationale Kongresse . Sein
besonderes Interesse galt der Erforschung

der Orientierung von Crustaceen und
Mollusken, sowie der Elektrorezeption von

Fischen . Dijkgraaf starb am 05 .XII .1995,

im hohen Alter von 87 Jahren, bei eirem

Auíenlhalt in Wien und vuurde in Utrecht
beigeseVl.

Da reine Forschungen von Anfang an

auf die Entschlusselung sinnesphysiologi-
scher Erscheinungen des Tierreichs ge-

richtet waren, ist es nicht verwunderlich,

dans er sich schon bald intensiv mit der
Sinneswelt der Flederm~use befasste .

3 . Dijkgraafs Versuche snit Flederm~usen
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Prof. Dr. Swn DijkKrau f, im Alter von i•t~~a 6U j :ihmu .

In Groningen fiihrte er verschiedene Versuche durch, tint das Ritsel des Ortungsver-

mógens der Flederm~use zu enlschliisseln . Im September 1946 hielt er sich fur 10 Ta-

ge in der Biblioteca Municipale in Reggio relt' Emilia (Norditalien) auf, um die Ver-

suchsprotokolle von Spallanzani selbst zu uberprufen und konnte im Mai 1947 in
Reggio noch einige erg~nzende Studien vornehmen .

Spallanzanis Versuche und Erkenntnisse waren in jener "Geit schnell eergessen wor-

den, weit der bedeutendste Zoologe seiner Zeis, der franzósische Anatomie-Professor

George Cuvier (1769-1832) in Paris der Uberzeugung war, dass die Flederm~use sich
minels eines sehr feinen Tastsinns der Flugh~ute orientieren wiirden (Cirvier, 1795") .
Selbst noch Eisentraut (1937) schloss sich der Hypothese von Cuvier an .

Im Folgenden Bind einige Auszuge aus seiner Publikation "Die Sinneswelt der Fle-
derm~use" (llijkgraaf, 1946) angefuhrt .

Seiten 439-440 : "Als wir uns vor einigen Jahren dem Problem zuwandten, galt es
zundchst, die allgemein verbreitete und anerkannte Hypothese Cuviers auf'ihre Rich-

tigkeit rii uberprufen . Ein echter Ferntastsinn war bilher nur von Fischen und wasser-

Fu tu :A b s t ude-( :rrm :m n . L ' n nc rsi i :il s uni se um l ' u rcht .
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bewohnenden Amphibien bekannt, wo er seinen Siv in den Seitenlinien hat, einem be-

sonderen Hautsinnesorgan (Dijkgraaf, 1934) . Bei Flederm~usen sollten nach Cuvier

die entsprechenden Sinnesorgane vor allem in den Flugháuten liegen . Deshalb vuurden

hei einigen Wimperfledermdusen (Myotis emarginatus) in Athernarkose die Armnerven

durchtrennt und somit die Fliigel volikommen unempfindlich gemacht . Es ergab sick,

daB die in dieser Weise operierten Tiere Hindernissen ebensogut auszuweichen wuB-

ten als zuvor .
Aus anderen Versuchen, uber die wir sogleich berichten werden, ging weiterhin her-

vor, daB ein Ferntastsinn bei der Orientierung der Fledermduse entgegen der ublichen

Ansicht uberhatipt keine Rolle spielt tand wohl auch gar nicht exisuert . . . . DaB die Tie-

re den Luftzug durch Tiirriven und dergleichen bemerken, ist richtig, beweist aber

keineswegs das Vorhandensein eines Ferntastsinnes, wie er zur Wahrnehmiing heran-

nahender Gegenst~nde erforderlich ware . Im Gegensatz zu den geschilderten Aus-

schaltversuchen hatte jede Beeintr~chtigung des Gehórsinnes eine deutliche St~rung

im Verhalten der Tiere zufolge. Es vuurden zit diesemLweck bei einigen Wimper- und

Wasserflederm~usen (Myotis daubentonii) die Geh~r~ffnungen leicht (Wattebausch)

oder solid (Kittmasse) verschlossen . Bei leichtem Verschluf3 dogen die Tiere ~ngstlich

und stieBen hdufig mit den Fliigeln (nicht mit der Schnauze) an dunnere Hindernisse,

. . . Bei solidem VerschluB, d . h . praktisch vólliger Taubheit, war die Flugscheu so stark
ausgepr~gt, daB man die Tiere in die Luft werfen muBte, um sie zum Fliegen zu veran-

lassen . . . . Bei einseitiger Taubheit flog eine Wimperfledermaixs h~uí3g in Kreisen nach

der inpakten Seite . So behandelte Tiere zeigten ei ❑ deutlich verringertes Wahrneh-

mungsvermógen fur Hindernisse . . . . In einem anderen Versuch vuurden die Spitzen der

Ohrmuscheln zeerst fiber dem Kopt', darm enter dem Kopf aneinandergeheftet . Im er-

sten Fall blieben die GehórofInungen frei, im zweiten waren sie von den herunterge-

klappten Ohrmuscheln verdeckt, end auch nur darm traten die beschriebenen Verhal-

tensstórungen in Erscheinung .
Aus diesen Versuchen ging allo klar hervor, daB die Hinderniswahrnehmung r ilie

Funktion des Geh6rsinnes darstellt - ganz in Ubereinstimmung milden filteren BeCun-

den von Jurine, Spallanzani end Hahn . Eine etwaige Mitbeteiligung des hypotheti-

schen Ferntastsinnes hitte sick im Verhalten der tauben Flederm~use zeigen mussen,

deren Tastorgane ja ganz intakt gelassen waren . Sie stieBen aber blindlings iiberall an,

woraus sich die Bedeulungslosigkeit des Tastsinnes hei diesen Reaktionen erneut end

in anschaulicher Weise ergab . Es sei noch hinzugefugt, daB die geschilderten Aus-

schaltversuche in genau gleicher Weise verlieten, wenn die Flederm~ttse ztrvor geblen-

det waren (Entfèrnung der Augen in Athernarkose) . Da die an sich `slummen' Hin-

dernisse von den Flederm~usen offenbar gehórt end wie eine Schallquelle lokalisiert

vuurden, mul3te die Wahrnehmung logischerweise aufreflektiertem Schali beruhen . Als

prim~re Schallquelle kam in unseren n~chtlich stillen Versuchsr~umen nou- die Fleder-

maus selbst in Frage . Es lag nahe zun~chst an irgendwelche Fluggerdusche zu denken .

Genaiie Beobachtung der Flederm~use fiihrte aber auf eine andere Spur . "

Dank seines sehr sensiblen Gehórs konnte Dijkgraaf wahrnehmen, dans die Fleder-

m~use Ticklaute bzw . Ratterlaute von sich gaben, bevor sie abflogen, oder wenn sic sich

einem Hindernis naherten . Seiten 440-441 : "Gleich zu Beginn der Versuche war uns an

den Wimperfledermdusen atzfgefallen, daB die Tiere h~ufig (z . B. jedesmal kurz vor

dem Ab flug) eigenartige Orientierungsbewegungen mit dem K6pfchen ausfiihrten, in-
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dem sie es mit halb ge~ffnetem Maul und aufmerksam gespitzten Ohren rasch empor-

hoben und cm wenig hin- und herbewegten . Gleichzeitig war eine merkwiirdige

Laut~uBerung zu hamren, welche dhnlich klang wie das feine Rattern beim Aufziehen ei-
ner Damenarmbanduhr. Der Ratterlaut setzte sich aus einer Serie gleichartiger, rhyth-
misch wiederholter Ticklaute zusammen. Die Zahl der Ticklaute pro Zeiteinheit wech-
selte je nach den Umst~nden, und ~hnliches galt fier ihre Intensit~t . Wir kommen
darauf weiter unten zuruck. Aus zahlreichen Versuchen und Beobachumgen ergab
sich, daB der Ratterlaut auf das engste mit der Hinderniswahrnehmung verbonden ist .
Wir wollen die wichtigsten Punkte kurz env~hnen .

(1) Die Beobachtung herumfliegender Flederm~use lehrte, dal3 die Tiere im Fluge
das Maul stets halb geóffnet halten und andauernd rattern . . . .

(2) Wir konnten feststellen, daB Flederm~use nicht nor im Fluge, sondern auch wenn
sie sich am Boden aufhalten, zur Fernwahrnehmung von Gegenst~nden imstande sind .
. . . Stets aber tritt die Wahrnehmung der Gegenst~nde nor darm und nor so lange auf,
als das Tier rattert; . . .

(3) Der Ratterlaut wird aus dem Maule als gerichtetes Schallbundel nach vorne aus-

gesendet, wie sich in verschiedener Weise feststellen l~f3t . . . .
(4) Jedesmal, wenn die Fledermaus sich im Fluge einem Hindernis dicht n~hert, wird

der Rhythmus des Ratterns mehr oder weniger beschleunigt, d . h . die Zahl der Tick-

N 'asserflrdcrma u s ,l/1'ot is rLnd~rri l nnri w5 h rc nd der Jagd . Foio : R:umii -l tip ucls una .



Lutra, vol . 43, 200 0

laute pro Sekunde nimmt voriibergehend zit . Eine ~hnliche Beschletmigung des Rat-

lerrhythmus neigt auch die nichtfliegende Fledermaus, wens sie eihen Gegenstand ge-
natter erkunden will . . . .

(5) Wenn man die Aussendung des Ratterlautes durch das Anbringen eiher Kappe

urn die Schnauze des Tieres behindert, [reten ganz die gleichen Verhaltensst6rungen
in Erscheinung, wie nach der teilweisen Ausschaltung des Geh6rsinnes . . . .

AuBer den genannten Tatsachen lieBen sick noch weitere anfuhrcn, welche in] glei-

chen Sinne sprechen, so z . B . der eingangs erw~hnte Uurstand, dal3 die Aussendung des

Ratterlautes mit typischen Orientierungsbewegungen des Kopfes einhergeht . Die Fle-

dermaus taster ihre Umgebung gleichsam mit deur Ratterschallbiindel ab, d . h . sie

macht die Gegenst~nde durch `Beschreien' hórbar, so wie sie der Mensch im Dunkeln

durch Beleuchten mit einem Scheinwerfer sichtbar macht . "

Seite 443 : "Das bringt uns zur Frage nach der Entstehung der hórbaren Ticklaute

brw. des Rauerlautes . Auch dieser Schall kommt bei den meisten Fledermausarten un-

serer Meihang nach aas deur halb ge~fIneten Maul . H~ufig kann man die Kiefer im
Ratlerrhythmus zittern schen ; bei der Produktion vereinzelter Ticklaute wird das Maul

fur jeden Ticklaut ein wenig geiiffnet . Nur hei wettigen Aren, wie den Hufeisennasen

(Xhinolophus fPrrtem-equinum and X. hipposideros) and vielleicht auch hei Plecolus auritus,
welche das Maul beim Rattern kaam oder gar nicht óffnen, mag der Orientierungs-

schall vorwiegend durch die Nasenóffnungen ausgesendet werden . Dies bilde[ aber si-

cher nicht die Regel, wie Hartridge (1945, 1946) meint . "

Seite 444 : "Ebenfalls laat gerattert warde bei jeder Stórung der normalen Hindernis-

wahrnehmung, z . B. nach Verschluf3 des Maales durch die Kappe oden nach deur Ver-
stopfen der Ohren, aber auch wenn die Fledermaus mit einem Mehlwurm im Maule

herumflog . Die Hinderniswahrnehmung war im leuteren Fall sichtlich erschwert, be-

sonders solange das Tier im Fluge mit deur Zerkleinern der Beate besch~ftigt war ; doch
warde auch darm noch gleichzeitig gerattert, wie sich trov der laut knisternden Kau-

ger~usche feststellen lief3 ." - Diese letztgenannte Beobachtung konnte auch d .A. bei

seinen Gefangenschaftshaltungen von Iweifarbflederm~usen (Vesperli[io discolor) fest-
stellen, ohne damais die Ver6ffentlichungen Dijkgraafs zit kennen (Hinkel, 1990,

1991) .

4 . D es R~tse l s Lósung

Im August - September 1793 hatte Spallanzani in Pavia (I) Experimente zuur Or-

tungsvermógen der Fledermduse durchgefuhrt and glaubte eihen sechsten, bilher un-
bekannten Sinn entdeckt zu haben . In Briefen an Louis Jurine (1751-1819) in Genf

(CH), Antonio Maria Vassalli (1761-1825) in Turin (1) and Pietro Rolsi (1738-1803) in

Pisa (1) teilte er Seine dadtirch gewonnenen Erkenntnisse and Vermutungen mit.
jurine wiederholte Spallanzanis Versuche and kam zu der Uberzeugung, dans die Fle-

dermduse zur Beuteortung and Hindernismeidung ihr Gehór ben6tigten . Diere Fest-

stellung teilte er Spallanzani mit and jener wiederholte im Jahre 1794 seine Experi-

mente. Danach schloss er sich Jurines Meinung an and lepte Seine Betonung auf die
Bedeutung der unterschiedlichen Gr~(3en der Fledermausohren (Spallanzani, 1794") .

Allerdings l~sst sich seinen Ausfuhrungen nicht klar entnehmen, was er mit Schali (suo-

no) meinte .
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Der britische Ingeneur Hiram Stevens Maxim (1840-1916), welcher nach dem tragi-

schen Untergang der `Titanic' (1912) ein Schallwarnsystem erfand, "vermutete, daB auf
~hnliche Art auch Flederm~use Hindernissen im llunkeln ausweichen kónnten, lag

aber mit seiner Annahme schwer daneben, daf3 die Tiere dazu niederfrequente Laute
durch Flugelbewegungen erzeugten . 1920 stieB der englische Neurophysiologe
Hartridge auf die alten Arbeiten Spallanzanis undjurines und folgerte, daB die Schall-

signale eher poch- als niederfrequent sein mul3ten" (Richarz & Limbrunner, 1992) .
Im Jahre 1938 hatte Donald Redfield Griffen (geb . 1915), als junger Student des Zoo-

logischen Laboratoriums der Harvard-Universit~t in Cambridge (Massachusetts/ USA),
met eirem K~fig voll Flederm~use den Physiker George Washington Pierce (1872-1956)

besucht, welcher in seincm Physikalischen Laboratorium hohe Insektenlaute analysier-
te . Den Forschern verschlug es die Sprache, als das Aufnahmegerk intensive Laut~us-

serungen der scheerbar stuurmen Tiere wiedergab (Pierce & Griffen, 1938) . Griffen, der
sich zuvor besonders fur die Wanderungen von Tieren interesseert have, widmete sich
zundchst der Erforschung des Ortungsverhaltens der Fledertiere (Griffen, 1958) . Kurz
daraufbeteiligte sich auch Robert Galambos (geb . 1914) an diesen Untersuchungen
(Griften & Galambos, 1941* ; Galambos & Griffen, 1942*) .

Dijkgraaf hatte zesar vor Griffen und Galambos met seinen Experimenten begonnen,
jedoch fehlten ihm die technischer Hilfsmittel zur Beweisfuhrung. Er schrieb hierzo :
"Wir glaubten damel im Jahre 1943 zuur ersten Male eire befriedigende Lcïsung des

Spallanranischen Fledermausproblems gefunden zit haben, doch stelle sich heraas,

daB diesel Verdienst den amerikanischen Forschern Griffen and Galambos gebiihrt,
welche in zwei schónen Arbeiten 1941/42 zu einer ganz ~hnlichen Auffassung Belangt
waren. Wir erhielten davon infolge der Kriegsumstánde erst nachtráglich Kerntres . Be-
sonders interessant ist ihre Entdeckung der wahren Nator des Orientierungslautes als
Ultraschap . . . . Tats~chlich entdeckten Pierce and Griffen (1938), dal3 die Tiere enter

Umst<inden Serien hochfrequenter, sehr kurzdauernder Tonst~Be produzieren . . . . Die
physiologische Bedeutung dieser hochfrequenten Tonst~f3e (superson k Mes) warde von
Griffen tand Galambos 1941/42 erkannt, nachdem sic in sorgf~ltig durchgefiihrten Ver-

suchsreihen nach Art derjenigen Hahns die ausschlaggebende Rolle des Geh~rsinnes

bei der Hinderniswahrnehmung im Fluge uberzeugend nachgewiesen halten" (Dijk-
graaf, 1946, p . 442) . Und aufSeite 445 : "Griffen (1944) and Hartridge (1945) scheinen
anzunehmen . . . Die Hindernismeidung miiBte nach dieser Auffassung nor m~glich

sein innerhalb gewisser Entfernungsgrenzen, endcm hei Beringen Entfernungen Uber-
lagerung von Ton and Echo eintritt, w~hrend hei steigender F.ntfernung das Echo
schlieBlich met der Aussendung des folgenden TonstoBes zusammenfallen miiBte . Wir
kinnen ons diesem Gedankengange aber nicht anschlieBen . Erstens werd ja der Ral-
terlautstreng nach vorne gerichtet ausgesendet, so daB nor een Teil des Schahes auf di-
rektem Wege zu den Ohren gelangt .lweitens trilt bei der von Gritfin (1946) angege-

benen Dauer des einzelnen TonstoBes zu rund 2 msec in allen Entfernungen enter
etwa 34 cm Uberlagerung von TonstoB and Echo een . Das Verhalten der Flederm~use
lehrt aber, daB gerade auf diese kurzen Distanzen die Objektwahrnehmung eire wich-

tige Rolle speelt and ausgezeichnet funktioniert . Es scheert ons allo der Sch1uI3 berech-
tigt, daB auch een w~hrend der Aussendung eintreffendes `Echo' - richtiger ware es hier
von Nachhall zu sprechen - von der Fledermaus wahrgenommen and verwertet werden
karn ."
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Daran fugte er eine interessante FuQnote an - Seite 445 : "Hartridge (1946) vermutet

in dem Nasenaufsatz der Rhinolophiden sowie im Tragus (Ohrdeckel) der ubrigen Fle-

dermausarten Bildungen, welche die Ohren fur direkte Zuleitung des ausgesendeten

Ratterlautes schutzen sollen" .

5 . Fun k t i onen vo n Nase n aufsatz und Tragu s

Daraus ergibt sich die Frage : Was meinte Hartridge (1946') damit? Sollen die Nasen-

aufs~tze als eine Art `Richtstrahler' den Ultraschallruf Bezielt nach vorn lenken, damit

er nicht gleich auf die Ohren trifft, und sollen die Tragi ebenfalls verhindern, dans der

ausgesendete Ruf gleich das Ohr erreicht (darum auch der Name "Ohrdeckel") ?

Selbst Neuweiler (1993), Gebhard (1997) und Schober & Grimmberger (1998)

schrieben, dass der Nasenaufsatz der Rhinolophidae fur die zielgerichtete Aussendung

der Ortungsrufe von Bedeutung sei ; dagegen komme dem Tragus die Funktion eines

`Verst~rkers' nach dem Prinzip einer Parabolspiegelantenne zu .

Diere Fu(3note Dijkgraafs lieg den liedanken des Autors keine Ruhe mehr und er

stelle sich die Frage: Warum aber renden die Plecotus-Arten ihre Rufe ebenfalls durch

die Nasenóffnungen aus, obwohl sie keine hufeisenf~rmigen Nasenaufs~tze besitzen,

und warurn fehlen den Hufeisennasen die Tragi ?

Nach langeren Uberlegungen und Betrachtungen des Aussehens der Nasenaufsdtze
bei den europ~ischen Hufeisennasen im Kosmos-Naturfuhrer "Die Flederm~use Euro-

pas" (Schober & Grimmberger, 1998, p . 98) ist der Autor zu der Uberzeugung Belangt,

dass die Nasenaufs~tze weniger als Richtstrahler zur Aussendung der Ultraschallrufe

dienen, sondern mehr fur die Lenkung des Echos von Bedeutung Bind . Man betrachte

aufmerksam die Anordnung der Ohren, sowie das Aussehen des Hufeisens und der
Lanzette, so erkennt man das Prinzip einer Parabolspiegelantenne .

Hypothese des Autors: das Hufeisen lenkt den darauf treflenden Teil des Echos in die

Ohrmuscheln, der Sattel scheint fur die Richtungsbestimmung (rechts - links, oben -

unten) von groBer Bedeutung zu sein . Ein Teil des direkt in die Ohrmuscheln treffen-

den Echos wird an die dafur zust~ndigen Nervenzellen weitergeleitet, ein anderer auf

die Lanzette gelenkt und von derselben in das Geh~r reflektiert . Auf diese Weire erhált

die Hufeisennase von jedem ausgesendeten Schrei drei Echos, welche darm ihr Gehirn

zu einem dreidimensionalen Eindruck (Bild) kompensiert . "DaB feine Strukturen aku-

stisch wahrgenommen werden, ergibt sich aus der Landung an kleinen UnregelmáBig-

keiten in glatten Fláchen . Ein kaum sichtbarer Sprung im Lack einer Ture, ein kleiner

RiI3 im Stuck der Zimmerdecke werden mitunter bemerkt und mit einem eleganten,

zielsicheren Satz zur Landung benut7.t° (Dijkgraaf, 1946, p . 447) .

Schon Leydig (1859*) and Redtel (1873') wassten, dass die Nasenaufs~tae der Hufei-

sennasen keine Tastorgane sein kónnen : "DaB die Nasenaufs~tze der Rhinolophiden

nicht die speziellen Tastorgane sein kónnen, fur die man sie h~ufig gehalten hat, geht

aas dem Fehlen entsprechender Nervenendapparate hervor, eine Tatsache, welche

schon Leydig (1859) bekannt war and von Redtel (1873) best~tigt warde . Vielleicht hat

Hartridge recht mit seiner Vermutung, dal3 die Nasenaufs~tze bei der Steuerung des

ausgesendeten Ratterlautes mitwirken, der ja in diesem Fall tats~chlich durch die Na-

senóffnungen auszutreten scheint (vgl . . . .) . Es ist fur die Echowahrnehmung zweifellos

wichtig, daB der Schall nicht direkt zu den Ohren Belangt. Denkbar ware es aber auch,
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daB der Nasenaufsatz eine Rolle spielt be i der Lenkung des reflektierten Ratterlautes"
(Dijkgraaf, 1946, p . 445-446) .

Diese Hypothese zu uberprufen, kónnte nun eine Aufgabe fur Bioniker sein, we lche
den Kopf einer Hufeisennase kunstlich nachbilden und so Aussendung und Empfang
von Ultraschallwellen computertechnisch kontrollieren kónnten . Erste Ans~tze, blin-
den Personen mit Hilfe von Ultraschallger~ten eine Orientierung in ihrer Umgebung
zu ermóg lichen, gibt es ja bere its .

Allerdings ist der Autor kurz nach der Erlangung dieser `Erkenntnis' durch einen
Diavortrag uber Flederm~use in Ecuador/Sudamerika daruber belehrt worden, dans es

exotische Fledermausarten gibt, die sowohl uber einen Nasenaufsatz als auch uber Tra-
gi verfugen . Wahrscheinlich dient diese Kombination der Prázisierung des Hórbildes
im dichten Tropenwald .
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des Fluges, seh r h o h e Rufe aussendet en . Nach ex perimenteller, stu fe n we iser Ausschaltung der versc hi ede n en
Sinneso rgane kam er z u der Annahme, dass d ie Fl ederm~use sic h mit H il fe ih rer Rufe im Du n keln ori e ntie re n .
Im Jahre 1 943 p ubl izierte D ijkgraaf eine vorláufige M i tteilung zu se i ne n Be fu n den wid w i es darin darau f hin , dans
eine ausfuh rl ich e Publika tion uber these Experimente u nd deren Sch lu Li folger u ngen sc h on bal d i m Archi v fiir
❑ ieder l ~nd ische Zoologie erscheinen sop te . Jedoch h alte er dans das Buchmanuskript beim Springer Ver l ag e i n-
gereic ht, we lcher ihm nac h den Kriegswirren mitteil te, es sei eis Opfer de r Bomben geworden . Auch erfuhr Di-
jkgraaferst nach dem Zweiten Weltk rieg, dass die amer i kanisc h en Forsc h e r Pie rce, Grift-in un d Galambos m it ~hn -
lic hen Ex perimenten zu den se lben Ansichten gekom men waren und these p ubli zier t h al ten . Des h a lb gerie t en
Dij kgraafs Versuche u nd P ublikat ione n bal d in Vergessen heit .

Dennoch Bind einige Aspe kte der Ec holoka l isation n oc h nic h t vo llstándig a ufgekl~rt, ma n denke an d i e Fu nk-
ti o n d e r Nasena u fs~tze der Rhi nolophi dae. Sc hon D ij kgraaf (1946) erwàhnte d ie Móglic hkeit, dass t hese auch zu r

Refle k ti eru ng des ruc kkehrenden Ec h os von Bedeutung sein kónnten, wie die Ohrdecke l der Vespertili o nidae .
D azu le i en noch weitere Un tersuc hu ngen notwendig .

SUMMARY

D ue to t h e 150 ann i versary o f I .azzaro Spa ll anzan i 's dea th in 1 949, Sven D ijkgraafpu b l is h ed 2 articles o n Spa l-
lanzani's experiments on bats .

I n P avia ( I ta ly) 1 793 S pa ll anzani carried ou t experiments to find answers to ba ts mysterious sys tem of localisa-
tion (navigat ion) in th e d arkness . Dijkgraaf tested docum en te d experiments o£Spa ll anzani and carried out lom e
of his own . T h anks to hi s very sensit iv ears, he could noticed lome high fre quency interru pted so u nd s (s hou ts) of
the bats before and during t heir f l ight . Th rough scientific experime nts he managed s tep by ste p to mak e t h e bats
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senses in effective . Afte r thi s he came to the conc lu s i on th at wi th t h e h e lp of the ir so u nds bats ca p or i en ta le the m-

se lves in th e dar k .

In 1 9 43 Dij k graaf publicished a short docu m ent to hi s fou ndings and made n ote th at Boo n the co mpl e te publica-

tion on his ex periments and results will be found in thejour n al Arc hives Néerlan daises d e Zool og i e. He gave the ma-

nuscrip t to the Sp ringer Ver lag, whic h after the war to ld him, that h is wo rks fe il vic ti m to b ombs and fire .

A fter th e Second wond-wa r Dijkgraaf discove red , a m erican reseac hers Pierce, Griffen and Galambos worked on

si milar experiments with the sa m e conclu sion and a lso public i se d it . Th e r efo r e Dij kg raafs w or ks was loon for-

gotten .

Afterall so me as pec ts of th e Echo-location i s not comp letely c l eared vet, referi ng to t he function of the Be lla of

Rhinolophidae. Allready in 1946 Dijkgraa f men ti o n ed the poss ibi l ity th at th is could be important for the re flectio n

of re mm ing ec h oen, nearly like the tragus of Vespertilionidae. Because of thi s fu rther study and ex pe rim e nts are ne-

cesarry and important .

SAMENVATTI NG

Ter ge l ege nheid van de 1 50ste st erfdag van Lazzaro Spallanzan i, wijd de Sven Dijkgraaf i n 1 949 twee arti ke le n

aa n het onderzoe k van d eze i tal iaanse bi o l oog, d ie a l i n 1 793 ex p e rim enten me t vleer mui ze n ha d uitgevoer d om

het geheim te ontrafelen van hun vermogen zich in de duisternis te kunnen orienteren .

Dijkgraaf herhaalde d e door S pallanzani besc hreven ex p erim en ten en voeg de daaraa n oo k eigen experime n-

ten toe. Dankzij zijn scherpe gehoor kon hij vaststellen dat zijn proefdieren, zowe l vóór ze wegvlogen als tijdens

de vlucht zeer hoge, nog maar nauwelijks hoorbare geluidjes produceerden, die, naar hij via experimenten aan-

neme lijk maa kte, essentiee l ware n voor h un vermogen zic h in h et donker te oriënteren . I n 1 943 publiceerde hij

zijn eerste bevindingen, maar zijn uitvoerige verslaglegging raakte tijdens de oorlog ver loren en na afloop van de

Tweede Were l doorl og vernam h ij dat d e a meri kaanse onderzoe k ers Pi erce, Griffen en Gal ambos m et soortge l i jk e

expe ri men te n tot deze lfde inz i chten waren gekomen en deze a l eerd er h adden gepubliceerd . Hierdoor raa kte

zijn e i gen we rk op d e achtergrond .

H oewe l veel aspecten omtrent de echo l ocatie thans zijn opge h e lde rd , b e h oeft de functie van h et neusbl ad en

h et oorde k se l (tragus) nog nader onderzoe k .

(S . Broek hu izen)
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BOEKBESPREKIN G

F.J J . NIEWOLD & D .R. LAMMERTSMA, 2000 . Ruim 10 jaar bevers in de Biesbosch :

een evaluatie van de populatieontwikkeling in de periode 1994-1999 . Rapport 015,

Alterra, Wageningen . 69 pp. ISSN 1566r7197. Prijs (incl . BTW en verzendkosten)

NLG 40,-, over te maken op banknummer 367054612, t .n .v. Alterra, Wageningen, O .V .V .

Alterra-rapport .

Toen ik dit Alterra-rapport in handen kreeg, begon ik het meteen gretig te lezen . Ik

was heel benieuwd hoe het de bevers in de Biesbosch is vergaan sinds ik ze in 1994 ver-

laten had. Het was verheugend te zien dat Freek Niewold en Dennis Lammertsma de

ontwikkeling van de populatie hadden geanalyseerd . De data zijn de afgelopen vijfjaar

in opdracht van Staatsbosbeheer verzameld . Het leeuwendeel van het veldwerk is uit-

gevoerd door vrijwilligers van de Bever Werkgroep Nederland van de VZZ, onder de

bezielende leiding van Vilmar Dijkstra .

Het rapport geeft een overzicht van de populatieonlwikkeling tot 2000 en berekenin-

gen van de sterfte- en geboortecijfers van de (deels gemerkte) bevers . De conclusie in

het rapport is dat de populatie bevers in de Biesbosch uit de gevarenzone is . De kans op

uitsterven is volgens het gebruikte simulatiemodel nog maar gering . Dit ondanks een

langzame groei van de populatie, die nog steeds ver achter blijft bij die van andere

geherintroduceerde beverpopulaties . De langzame groei wordt veroorzaakt door het

geringe aandeel van de vrouwtjes dat aan de voortplanting deelneemt . Niewold en Lam-

mertsma brengen dit in verband met de hoge cadmiumgehalten die vooral in de oud-

ere bevers werden aangetroffen. Een vervolgonderzoek zou zich volgens hen moeten

richten op het aantonen van een causale relatie tussen de lage voortplanting en de

hoge cadmiumgehalten . Aangezien een dergelijk onderzoek aan bevers moeilijk is,

stellen de auteurs voor om de beverrat als modelsoort te gebruiken .

Opvallend is dat er, behalve in de inleiding, geen woord wordt gewijd aan de ecolo-

gische invloed van de bevers . Dat valt de auteurs vermoedelijk niet te verwijten, want het

zal geen onderdeel van hun opdracht zijn geweest om daar aandacht aan te besteden .

Dat maakt het niet minder opmerkelijk voor een diersoort die hier naar toe is gehaald

als de `griendwerker van de toekomst' .

Niewold en Lammertsma gebruiken het simulatiemodel VORTEX om het aantalsver-

loop van de populatie te simuleren. Bij hun benadering zijn een aantal kanttekeningen

te maken . De auteurs ijken hun model door de uitkomsten ervan te vergelijken met de

waargenomen aantalsontwikkeling tussen 1994 en 1999 . Ze zijn verbaasd over de goede

overeenkomst die ze vinden tussen de geobserveerde en gesimuleerde aantallen, omdat

ze aannemen dat de waargenomen aantallen een onderschatting zijn . Ik denk echter

dat het niet zo verbazingwekkend is . De sterfte van de jaarlingen was niet goed bekend

en is toen berekend uit de waargenomen aantalsontwikkeling . Een elegante oplossing,

maar het betekent wel datje uit het model krijgt, watje erin stopt. Waarom hun tweede

scenario, waarbij uitgegaan wordt van een 15% onderschatting, geen goede fit met de
simulaties oplevert, is mij een raadsel . Kennelijk is daarbij de sterfte niet op de juiste

wijze aan de geschatte aantalsontwikkeling aangepast . Was dat wel het geval geweest,

dan had ook dit tweede scenario een goede fit moeten geven . Niewold en Lammertsma

trekken hier de verkeerde conclusie dat door dubbeltellingen e .d . het eerste, ongecor-
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rigeerde scenario toevallig een juiste weerspiegeling van de werkelijkheid geeft .

In het rapport wordt vervolgens met de waargenomen aantallen gewerkt . Aangezien

dat een conservatieve schatting oplevert van de overlevingskansen van de populatie (de
kansen zijn waarschijnlijk iets hoger dan berekend) is dat een gelukkige keuze . Het is

wel jammer dat de aantallen niet consequent worden gecorrigeerd, bijvoorbeeld voor

de sterfte die opgetreden moet zijn tussen de periode waarin de meeste waarnemingen
zijn gedaan (juli-augustus) en het referentietijdstip (1 maart) . Minder gelukkig vind ik

dat er aangenomen wordt dat alle eenlingen in de Biesbosch mannetjes zijn, omdat dat

het meest gunstige geval zou zijn . Het model had ook doorgerekend moeten worden

onder de aanname dat 50% van de eenlingen vrouwtjes is .

Vijf jaar geleden gebruikten Hans Baveco en ik een eigen computermodel voor een

soortgelijke exercitie . Onze belangrijkste reden om geen VORTEX te gebruiken was dat

in dat programma toendertijd één van de belangrijkste principes van de populatiedy-
namica, de dichtheidsafhankelijkheid van voortplanting en sterfte, niet was ingebouwd .

Daar is nu kennelijk wel in voorzien . Als de populatiedichtheid stijgt neemt vaak de voort-

planting af en de sterfte toe, totdat geboorte en sterfte elkaar in evenwicht houden . Bij de

in het rapport gepresenteerde simulatie wordt die situatie na ongeveer 25 jaar van nu
bereikt. Het aantal bevers is dan ca . 160, terwijl ik in mijn onderzoek voor de Biesbosch

een draagkracht heb berekend van ongeveer 190 bevers . Niewold en Lammertsma trek-

ken uit deze discrepantie de conclusie dat de beverpopulatie op de lange termijn kwets-
baar blijft en dat het de vorming van een aaneengesloten beverpopulatie in Nederland

aanzienlijk kan vertragen . Dat zou zo zijn, ware het niet dat de in de simulaties gebruikte

dichtheidsafhankelijke relaties, door een gebrek aan gegevens, willekeurig zijn gekozen .

Andere relaties zouden waarschijnlijk een ander eindniveau hebben opgeleverd .

De cadmium-hypothese wordt door de beschikbare gegevens niet ondersteund . Zo

neemt het voortplantingssucces niet af met de leeftijd van de vrouwtjes, hetgeen men

wel zou verwachten als cadmium zich in de bever ophoopt. Er blijken nog steeds re-

producerende en niet tot nauwelijks reproducerende vrouwtjes te zijn . Niewold en

Lammertsma geven daar geen verklaring voor . Wellicht dat de cadmiumverontreinig-

ing hoger is in het zuidelijk deel van de Biesbosch, onder directe invloed van de Maas .

Dat moet vrij eenvoudig te meten zijn en gekoppeld kunnen worden aan het voort-
plantingssucces in de betreffende territoria . Zonder een dergelijke onderbouwing is de

cadmium-hypothese niet aannemelijker dan andere hypothesen .

De auteurs constateren dat er geen aanwijzingen zijn dat de kwaliteit van het habitat

een rol speelt. Geen wonder, want dat is de afgelopen vijf jaar ook niet onderzocht . In

ons onderzoek konden we niet aantonen dat habitatkwaliteit (meer specifiek, het aan-

bod aan niet-wilgen) een rol speelde, maar in het rapport wordt dit voorgesteld alsof we

hebben vastgesteld dat het géén rol speelt. Dat is onjuist. Zoals gebruikelijk in de weten-

schap hebben we de kans op het ten onrechte verwerpen van onze nulhypothese (dat er

geen verband is tussen habitatkwaliteit en voortplantingssucces) zo klein mogelijk willen

houden, om te voorkomen dat we denken dat er een verband is, terwijl dat in werke-

lijkheid niet zo is . Andersom mogen we gerust denken dat er géén verband is, terwijl dat

in werkelijkheid wél zo is. In de rechtzaal is er sprake van een soortgelijke assymetrie . We
willen de kans dat een onschuldige wordt veroordeeld zo klein mogelijk maken en ne-

men dus voor lief dat een boef wordt vrijgesproken . Maar de conclusie dat de vrijge-

sprokene onschuldig is, is dan niet gerechtvaardigd : er was alleen onvoldoende bewijs .
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Wilgen zijn een uitstekende energiebron voor bevers, maar bevatten slechts lage con-

centraties aan mineralen . Uit mijn berekeningen komt naar voren dat bevers tijdens de

voortplantingsfase een tekort aan met name fosfor en natrium oplopen. Het is

denkbaar dat sommige vrouwtjes wél geleerd hebben om alternatieve voedselbronnen
aan te boren en andere niet . Op die manier kan habitatkwaliteit dus via de vrouwtjes

een rol spelen . Het aardige is dat deze hypothese ook een verklaring biedt voor de grote

territoria van de bevers en de frappante voorkeur voor niet-wilgen zoals de (fosfor-

houdende) vogelkers en (natrium-rijke) hazelaar . Naar mijn mening zou toekomstig

onderzoek hier meer aandacht aan moeten besteden .

Daarmee komen we op de aanbevelingen in het rapport . Die zijn ronduit teleurstel-

lend en hier wreekt het zich het meest dat de schrijvers weinig veldervaring in de Bies-

bosch hebben. Het bepalen van het aantal families aan de hand van voedselvoorraden
is misschien een goede methode in Noorwegen, maar niet in de Biesbosch, waar bevers

niet de moeite nemen om een dergelijke voorraad te maken . Keutels liggen daar ook

niet voor het oprapen, omdat bevers hun uitwerpselen in het water deponeren . Deze
keutels gebruiken om de cadmiumvergifting in het voedsel te meten is dan ook erg om-

slachtig, vooral bij een soort die zulke onmiskenbare vraatsporen op bomen achterlaat .

Ik vraag me verder af of de beverrat zo geschikt is om de mogelijke cadmiumvergiftig-
ing te onderzoeken . In de eerste plaats eten beverratten voornamelijk riet, en de cad-

miumgehalten in riet zijn een orde van grootte lager dan die in de bast van wilgen .

Daarnaast wordt de beverrat in de Biesbosch bestreden . Dat geeft natuurlijk de mo-

gelijkheid om relatief veel dode dieren te onderzoeken, maar het betekent ook dat de
dieren over het algemeen niet erg oud zullen worden . Deze factoren maken de bever-

rat in mijn ogen tot een weinig bruikbare modelsoort .

Hoewel Niewold en Lammertsma erkennen dat de inventarisaties bij deze evaluatie
hun nut hebben bewezen, achten zij dat voortzetting hiervan slechts "een geringe bij-

drage levert aan kennis over de problematiek van de trage groei" . Inderdaad is ander-

soortig onderzoek nodig om de oorzaak te achterhalen van de problemen waar de bev-
ers in de Biesbosch mee te kampen hebben . Ik denk echter dat informatie over welke
vrouwen wel en welke niet reproduceren bij dat onderzoek essentieel is . Het zou boven-

dien gaan om een `kostbare' aangelegenheid. Aan de vrijwilligers kan dat in ieder geval

niet liggen .
Met dit rapport worden de bevers in de Biesbosch onderwerp van één van de best on-

derzochte herintroducties tot nu toe . Gezien de recente of op handen zijnde herintro-

ducties van de bever in Denemarken en Schotland, verdienen de hier gepresenteerde

gegevens een grotere verspreiding dan met dit rapport bereikt zal worden . Publikatie in

een internationaal tijdschrift is dan ook aan te moedigen, maar zal nog wel de nodige

inspanning vergen . Of een instituut als Alterra, dat afhankelijk is van betaalde op-

drachten, tijd heeft om een dergelijk produkt te leveren, is zeer de vraag . Zo'n prachtig

overzicht van de populatieontwikkeling van de bever in de Biesbosch over ruim 10 jaar

mag echter niet zomaar met dit rapport in een la verdwijnen .

B .A. NOLET

Nederlands I nstituut voor Oecologisch Onderzoek,
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