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Forord og tak

Med henblik p erhvervelse af Ph.D.-graden ved
Arhus Universitet indleveres denne afhandling
til bedemmelse. Afhandlingen bestar af en sam-
menfatning og perspektivering af ni engelske ar-
tikler, hvoraf fem er publiceret, to indsendt, og
to foreligger som manuskripter. Herudover er
en odder forvaltningsplan selvsteendigt pub-
liceret. I sammenfatningen og i de ikke pub-
licerede artikler, er der refereret til de ovrige
upublicerede artikler ved det angivne romertal
i indholdsfortegnelsen.

Udgangspunktet for afhandlingen er "Projekt
Odder", som blev iveerksat i 1984 af Foreningen
til Dyrenes Beskyttelse og WWF Verdensna-
turfonden i et forseg pa at vende odderens ne-
gative bestandsudvikling i Danmark. Projektet
skulle bl.a. gere offentligheden og myndig-
hederne opmerksomme p4, at en hajt placeret
dyreart i fedekaeden og oprindelig del af den
danske fauna var pd randen af udryddelse.
Miljeministeriets Vildtforvaltning og Skov- og
Naturstyrelsen overtog efterfelgende projektet
og videreforte dette, og Danmarks Milje-
undersogelser gav i et samarbejde med Arhus
Universitet og Forskerakademiet muligheden
for, at jeg i det seneste ar kunne anvende en del
af min tid pd sammenskrivningsfasen. Projektet
har fra starten veeret malrettet, idet der side-
lobende med den formidlingsmaessige del er
iveerksat og gennemfort biologiske og skolo-
giske undersegelser til belysning af forskellige
problemstillinger og pa baggrund heraf forslag
til, hvordan disse kan afhjeelpes. Efterfolgende
er de forskellige lesningsmodeller sogt imple-
menteret i praksis i samarbejde med de admi-
nistrative myndigheder (Skov- og Naturstyrel-
sen, Landbrugs- og Fiskeriministeriet, amter og
kommuner).

Denne afhandling er ikke en enkelt persons
arbejde. Som det fremgar, er nogle af artiklerne
udfort i samarbejde med kolleger fra sivel ind-
som udland. Men herudover har adskillige per-
soner og institutioner veeret medvirkende og bi-
draget til, at arbejdet kan afsluttes, og jeg vil
derfor gerne her benytte lejligheden til at takke
alle disse.

En forudsetming for gennemferelse af et
arbejde af denne sterrelsesorden er de gkono-
miske midler. Her skylder jeg Foreningen til Dy-
renes Beskyttelse, WWF Verdensnaturfonden og

UNIBANK A /S Miljefond en meget stor tak for,
at de gennem 'Projekt Odder" muliggjorde
iveerkseettelse af dataindsamlingen og etablering
af faunapassager. Herunder vil jeg ogsa takke
Anders Holm Joensen, Naturhistorisk Museum,
Arhus som under projektets forste &r veder-
lagsfrit stillede kontor- og arbejdsfaciliteter til
ridighed. Ligeledes en tak til konservatorerne
samme sted for det gode samarbejde.

En szerlig tak skal rettes til Palle Uhd Jepsen
og Bjarne Segaard, Skov- og Naturstyrelsen,
som tidligt s4 mulighedemne i dette projekt, og
specielt til sidstnzevnte for det meget snaevre og
udbytterige samarbejde i forbindelse med
undersegelser og forvaltning af den danske od-
derbestand, men ogsa i forbindelse med imple-
menteringen af de forskellige forvaltningstiltag
til gavn for odderen.

En gruppe personer, som det vil veere uover-
kommeligt at nzevne ved navn, men hvis indsats
har veret uvurderlig i forbindelse med denne
afhandling, er de mange, som har ulejliget sig
med at opsamle og viderebringe omkomne od-
dere, heriblandt en rakke vildtkonsulenter og
konservatorer. Grundlaget for de fleste artikler
er data, som har kunnet traekkes ud af dette
meget vardifulde materiale. Her vil jeg ogsa
takke Hans Henrik Dietz, Statens Veterinzere
Serumlaboratorium, Per Henriksen og Bjarne
Clausen for et udbytterigt samarbejde omkring
obduktion af de mange oddere.

Tak til mine vejledere Thomas Secher Jensen,
Arhus Universitet, og Tommy Asferg og Preben
Clausen, Danmarks Miljpundersegelser, hvis
vejledning har vaeret en stor hjzlp i hele sam-
menskrivningsfasen. Herudover skylder jeg min
kollega Bo Gaardmand en meget stor tak, bade
som medforfatter pa en af artiklerne men ogsa
som ansvarlig og altid beredvillig i forbindelse
med indsamling af data i felten og udarbejdelse
af figurer til flere af artiklerne. Det samme gzel-
der Peter Mikkelsen og Morten Elmeros, som
bl.a har forestaet det meget store indtastnings-
arbejde af data, som er blevet indsamlet, og som
nu ligger i en odderdatabase, der uden tvivl
ogsé vil komume eftertiden til gode. Herunder
skal jeg ogsa takke mine kolleger i Afdelingen
for Landskabsekologi, som til tider har méattet
belastes med arbejdsopgaver indenfor det se-
neste ar, grundet min tilbageholdende adferd i
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forbindelse med skriveriet. Tak til Allan Prang
og Preben Clausen for statistisk hjelp og Mari-
anne Hoffmeister, Kirsten Zaluski, Jeannett
Skeerholm og Jan Bertelsen for layout og teknisk
bistand i forbindelse med trykningen af den
endelige afhandling.

Hans Baagee, Zoologisk Museum, Keben-
havn, samt Birger og Annelise Jensen takkes for
gode faglige rad og diskussioner undervejs og
tilskyndelse i evrigt til at fa dette arbejde af-
sluttet. Chris Mason, University of Essex, U.K.
takkes seerligt meget for et udbytterigt samar-

bejde om flere af artiklerne. Jim W. Conroy og
Hans Kruuk muliggjorde et for mig fagligt in-
spirerende studieophold i efterdret 1994 pa In-
stitute of Terrestrial Ecology, Banchory Research
Station, Scotland.

Sidst, men ikke mindst, vil jeg takke min
hustru Eva og bern Kathrine og Kristian for
deres forstaelse for, at dette arbejde skulle
gennemfores og for deres evne til at tilfore mit
liv andet end vildtekologi og conservation.
Uden jeres engagement, interesse og opbakning
var jeg aldrig naet sa langt.



English Summary

This report is a Ph.D. thesis on the subject
"The Ecology and Conservation of the Otter
Lutra lutra in Denmark”. The thesis consists of a
synopsis (in Danish), which reviews the back-
ground, summaries and discussions of nine
scientific articles, and an otter management plan
(in Danish). Five of the scientific articles have
already been published, two are submitted and
two are present as manuscripts. References
quoted in the synopsis are placed at the end of
the synopsis. References, not yet published are
quoted by Roman numerals, (i.e. Madsen &
Gaardmand VIII, Madsen IX) and can be iden-
tified in the table of contents.

Since 1967, the otter has been protected in
Denmark, and today it is one of the most en-
dangered mammal species. On account of only
few hundred otters left, the Danish Animal
Welfare Society and the World Wildlife Fund for
Nature in 1984 initiated a research project on the
otter. In 1989, the National Forest and Nature
Agency continued the project, since 1992 in
collaboration with the National Environmental
Research Institute. The aim of the project was to
identify factors responsible for the otter's de-
cline and on this basis to give proposals for mea-
sures which in a short time could change the
negative population development of the Danish
otter population.

National field surveys were carried out in
1984-86 and 1991. After a nationwide otter pro-
tection campaign, a central collection of otter
carcasses and otter observations from the whole
country was established. Testing the number of
delivered otter carcasses againts the proportion
of positive sites and mean number of positive
signs per positive site from the same areas, it is
suggested that sprainting intensity is a good in-
dicator of relative population strength. Fur-
thermore, it is emphasized that national spraint
surveys must be carried out in the months when
sprainting activity is highest to ensure that as
many sites as possible with otters are detected.
It is particularly important in low density otter
areas.

During the National Otter Survey in 1991
data was collected on 19 variables which re-
present elements of habitat structure, com-

position, organic pollution and human dis-
turbance. A stepwise multiple logistic regression
analysis was used to estimate probabilities of
the presence of otters as a function of one or
more explanatory variables. Seven variables
were identified. All of them are directly or
indirectly related to productivity and fish
biomass in the water catchments. Human dis-
turbance did not have a significant influence on
the presence of otters in the surveyed area. The
use of the otter as an indicator for the quality of
water and habitat, as recommended by some
authors, should be undertaken with care.

Necropsy was carried out on otter carcasses
and the cause of death, body condition and
health status was determined. Body condition
for otters which died violently (by traffic and
drowning in fish traps) in Denmark was com-
parable to findings in Shetland, where thriving
populations exist. Sampiles of hair, liver, kidney
and muscle were examinated for concentrations
of cadmium, lead, mercury, organochlorine
pesticide residues and PCBs. Current concen-
trations of contaminants are unlikely to pose a
threat to the Danish otter populations.

Otters killed by traffic were examinated, and
a survey of the accident sites carried out. Adult,
sexually mature males are most frequently
killed by traffic, and it is concluded that the
most dangerous kind of road for an otter is a
larger road with a relatively high vehicle speed
and density. Based on the great variety in types
of accident sites, it is impossible to eliminate all
traffic killings. Appropriately sited fauna pas-
sages are an effective means of reducing the
problem and two types are recommended to
make existing roadbridges attractive for otters
with relatively small expenses. Fauna passages
are also used by species like stoat (Mustela
erminea), mink (Mustela vison), water vole (Ar-
vicola terrestris), dipper (Cinclus cinclus) and grey
wagtail (Motacilla cinerea).

Examination of otters drowned in fish traps
were carried out and data on date of death, site,
sex, age, and chest-circumference collected. The
majority of the otters were subadult individuals.
Otters drowned in both single and double fyke
nets set in shallow water, particularly in lakes



but also in fiords/inlets and rivers/canals. Stop
grids that fit into the inner end of the first fyke
funnel of fish traps, were introduced and tested
with positive results. Consequently, barriers are
now compulsory in all fresh water areas and in
certain salt water areas in Denmark to protect
the otter. Drowning of other species can also be
prevented using barriers in fish traps: e.g.
goldeneye (Bucephala clangula), cormorants (Pha-
lacrocorax carbo), coypu (Myocastor coypus) and
beavers (Castor fiber).

A management plan for the otter has been
worked out. The purpose of the plan is to gain
the necessary knowledge and to establish com-
prehensive guidelines for the protection and
consolidation of the Danish otter population
and its habitats. Areas of interest to the otter
have been pointed out and a national moni-
toring programme with a five year interval was

started. Furthermore, the plan is an integral part
of the strategy for maintaining the biological
diversity in Denmark and Europe.

After 10 years work, there are positive in-
dications of a successful enhancement of the
living conditions for otters in Denmark.
However, it is concluded that traffic killings and
the absence of ecological corridors is a serious
threat in consolidating the future for the Danish
otter population. The success of this project is a
result of a close collaboration between private
persons, public authorities, administrative
authorities and research institutes.

As co authors, of a native language different
from mine, I wish to thank Dr. Chris Mason,
University of Essex, U.K. very much for the
profitable collaboration and the permission to
include our joint papers in my Ph.D. thesis.



1 Synopsis

1.1  Baggrund og formal

Den europziske odder (Lutra lutra) har, sdvel i
Danmark som det gvrige Europa, indenfor den
sidste snes ar veeret inde i en markant til-
bagegang. Ddelaggelse af de naturlige leve-
steder (regulering af vandleb, afvanding af vad-
omrader, intensiv vandlebsvedligeholdelse),
menneskelige forstyrrelser, drukning i fiske-
redskaber, trafikdrab, eutrofiering, miljpgifte,
efterstraebelse og konkurrence fra minken (Mus-
tela vison) har veeret foresldet som érsager til
denne tilbagegang (Mason & Macdonald 1986,
Macdonald & Mason 1994).

Individuelle forskningsmaessige interesser
har betydet, at der har vaeret fokuseret meget pa
enkelte problemstillinger (f.eks miljegifte) som
irsag til odderens tilbagegang, og dermed er
andre neevnte faktorer til tilbagegangen blevet
mere eller mindre negligeret.

I en forvaltningsmeessig sammenhzng er
dette uholdbart, idet de administrative myn-
digheder netop skal vurdere og afveje de for-
skellige faktorers indflydelse udfra mere vide
forskningsmaeessige resultater og p& denne bag-
grund foretage de nodvendige foranstaltninger
(f.eks. henstillinger til lokalbefolkningen, lov-
givning, rekreative begraensninger og natur-
genopretning).

Formalet med denne afhandling har derfor
veeret, mere bredt at identificere problemstil-
linger og objektivt gennemfore biologiske og
ekologiske undersogelser til belysning af od-
derens tilbagegang og krav til levested samt at
give konkrete forslag til foranstaltninger, der
indenfor en overskuelig fremtid kunne vende
den negative bestandsudvikling. I store dele af
sit udbredelsesomrade, er odderen naesten umu-
lig at observere direkte i sin naturlige habitat,
dette geelder bl.a. i Danmark. Undersogelserne
er derfor baseret pa mere indirekte metoder og
felgende emner er belyst: (1.2) Forekomst og be-
standsudvikling, (1.3) Habitatkvalitet og rekre-
ative forstyrrelser, (1.4) Sundhedstilstand, kon-
dition og miljegifte, (1.5) Trafik og faunapas-
sager, (1.6) Fiskeredskaber og speerreforanstalt-
ninger samt (1.7) Forvaltingsmzessige aspekter
og forvaltningsplan.

1.2  Forekomst og bestandsudvik-

ling

Landsdzekkende undersogelser af odderens fo-
rekomst i Danmark er foretaget i 1984-86 (Mad-
sen & Nielsen 1986) og 1991 (Madsen et al.
1992). Den geografiske udbredelse er primaert
begreenset til Midt- og Nordvestjylland, og ker-
neomradet er koncentreret til vandleb, seer og
andre vddomrader omkring Limfjorden.

Feltundersegelserne er baseret pa en stan-
dardiseret metode, som bygger pa registrering
af ekskrementer eller fodaftryk efter odder langs
vandleb, seer og kyster. Kortlegningsmetoden
giver umiddelbart mulighed for at sammenligne
resultaterne fra forskellige lande og fra ar til &r
(Anon. 1984). Metoden giver kun ringe mu-
lighed for at sige noget kvantitativt om be-
standens sterrelse, men den giver et overordnet
billede af udbredelsen, og anbefales endvidere
af et sagkyndigt udvalg under Europaradet
(Macdonald & Mason 1994).

Mange forskere har imidlertid diskuteret
brugen af ekskrement-moniteringer som en
metode til at bestemme udbredelse og teethed af
oddere {f.eks Jefferies 1986, Kruuk et al. 1986,
Conroy & French 1987, Kruuk & Conroy 1987,
Mason & Macdonald 1987, 1989 og O'Sullivan
1993). Pa baggrund af studier foretaget af Kruuk
& Conroy (1987) og Kruuk et al. (1993) saettes
der spargsmalstegn ved veerdien af ekskremen-
ter som mal for teetheden af oddere.

Antallet og fordelingen af 194 indleverede
omkomne danske oddere i perioden 1979-1993
(Madsen et al. VII) vurderes til at veere et udtryk
for den relative bestandstzethed i de tilsvarende
landsdele (Madsen & Gaardmand VIII). Forde-
lingen af lokaliteter med odderforekomst og
gennemsnittet af ekskrementer pr. positiv loka-
litet fundet ved den landsdeekkende monitering
af odder i 1991 (Madsen et al. 1992) er positivt
korreleret med fordelingen af indleverede od-
dere. Markeringsintensiteten (teetheden af eks-
krementer) anses derfor som varende en god in-
dikator for den relative populationstaethed.

Sammenlignes antallet af lokaliteter med
odderforekomst ved undersagelserne i Dan-
mark i 1984-86 og 1991 har der generelt veeret
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tale om en fremgang. Denne udvikling har vee-
ret mest tydelig i Viborg, Nordjylland og Arhus
amter. Sammenlagt er det gennemsnitlige antal
positive lokaliteter pa landsplan steget fra godt
23% til knap 38% i den femarige periode.

I 1980 anslog Schimmer (1981) antallet af od-
dere til kun at veere ca. 200 dyr. Med udgangs-
punkt i de samme antagelser som Schimmer og
en sammenligning mellem antallet af lokaliteter
med odderforekomst fundet ved undersegel-
serne i henholdsvis 1984-86 og 1991 vurderes
antallet af oddere i Danmark i begyndelsen af
1990'erne til at veere af storrelsesordenen 400 in-
divider.

Lignende landsdaekkende feltundersegelser
er bl.a. foretaget i England (Lenton et al. 1980),
Wales (Andrews & Crawford 1986), Skotland
(Green & Green 1980, 1987) og Irland (Chapman
& Chapman 1982). I Irland blev 91,7% af i alt
2.177 undersogte lokaliteter fundet positive i
1980-81. Til sammenligning med bestandsud-
viklingen i Danmark kan felgende resultater
neevnes: i Wales sas en stigning i antallet af lo-
kaliteter med odderforekomst fra 20% til 38%
mellem 1977-78 og 1984-85 (Andrews & Craw-
ford 1986), hvorimod Green & Green (1987)
kunne fremvise en stigning i Skotland fra 57% til
65% i samme periode.

Genopdagelsen af oddere pa Sjelland ( Jen-
sen & Jensen 1995, Leth & Byrnak 1996) er et
eksempel p4, at det er nedvendigt at udvise for-
sigtighed ved anvendelsen af ekskrement-mo-
niteringer som et redskab til at identificere iso-
lerede forekomster af oddere med meget lave
tzetheder. Det er derfor meget vigtigt, at monite-
ringer, som skal give et overordnet og leengere
tidsmezessigt tilbageblik af odderens forekomst
gennemfores i perioder, hvor markeringsinten-
siteten er maksimal, vegetationen lav og uden
snedaekke (Madsen og Gaardmand VIII). I Dan-
mark ber manederne marts-maj foretraekkes.

1.3  Habitatkvalitet og rekreative

forstyrrelser

Manglende optimale levesteder og menneske-
lige forstyrrelser har varet nevnt som afgeren-
de faktorer i relation til odderens tilbagegang
(Mason & Macdonald 1986, Macdonald & Ma-
son 1994). I forbindelse med den landsdzek-
kende undersogelse af odderens forekomst i
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Danmark i 1991 (Madsen et al. 1992) blev der
indsamlet data om habitatkvalitet pa de i alt 766
besagte lokaliteter (Madsen 1X). Disse data om-
fattede bl.a. registreringer af bredde, dybde,
strom og bundforhold, bredvegetationen, ud-
nyttelsen af de tilstedende arealer, potentielle
menneskelige forstyrrelser, pH og eutrofiering
bestemt ved Saprobie-Index.

En stepwise multipel logistisk regressions
analyse (SAS/STAT, SAS Institute Inc. 1990)
blev anvendt til at estimere sandsynligheden for
odder (udtrykt ved tilstedeveerelsen af ekskre-
menter) i relation til 19 uafheengige habitat
variable.

Syv af de 19 variable (amt, pH, treeer, dybde,
bundforhold, Saprobie-Index og rervegetation)
overholdt et i forvejen valgt signifikansniveau.
I Danmark bestdr en typisk odderhabitat af et
vandomride med en dybde > 1 m, en varieret
bund, pH > 7,0 Saprobie-Index pa mellem II-HI
til I11, tilstedevaerelsen af rorvegetation og uden
treeer.

Menneskelige forstyrrelser (bedemt som
tilstedeveerelsen af fiskeri, bddsejlads, ruser og
huse) og udnyttelsen af de tilstedende arealer
(bedemt som tilstedevzerelsen af skov, dyrkede
marker, greesarealer eller uudnyttede arealer) pa
de undersogte lokaliteter har ikke signifikant
indflydelse pa odderens forekomst.

Anvendelse af ekskrementer som en metode
til bestemmelse af odderes habitatudnyttelse har
vaeret diskuteret af flere forfattere (Jefferies
1986, Kruuk et al. 1986, Conroy & French 1987,
Kruuk & Conroy 1987, Mason & Macdonald
1987, 1989). I den gennemforte danske under-
sogelse er ekskrementer anvendt som en indi-
kator pd odderens tilstedeveerelse pa de
undersogte lokaliteter og ikke som preference
for en specifik slags treeer eller buske som
anvendt af Macdonald & Mason (1983).

Det blev forsegt at indsamle data om fiske-
teethed pd de undersogte lokaliteter fra Dan-
marks Fiskeriundersegelser, Afdeling for Fersk-
vandsfiskeri. Kvantitative data var kun til-
geengelige pa orredfisk og al, og disse alene var
desverre ikke anvendelige i den logistiske re-
gressionsanalyse. Selvom analysen ikke inde-
holdt data om fisketzthed og -tilgeengelighed er
de syv identificerede habitat variable direkte
eller indirekte relateret til produktivitet, typisk
for de lavere dele af et vandafstremningsom-
rade. Ifelge Erik Mortensen, Danmarks Milje-
undersogelser (pers. medd.) indeholder disse



omrader generelt ogsd den storste fisketzethed
og biomasse pr. vandarealenhed. Denne angi-
velse stemmer ogsd overens med oplysninger
omkring den danske odders fedevalg (Hansen
& Jacobsen 1992). I saltvand foretraekker odde-
ren alekvabber og al, og i ferskvand bestar
feden primeert af &l, aborrefisk og karpefisk.

Odderens preference for vandlebsstrak-
ninger med treer og buske som angivet af
(Jenkins & Burrows 1980, Jenkins 1982, Adrian
et al. 1985, Prauser 1985, Mason & Macdonald
1986, Bas et al. 1984, Lunnon & Reynolds 1991,
Prenda & Granado-Lorencio 1996) kan ikke pa
nogen made bekraftes af den gennemferte
statistiske analyse (Madsen IX). Durbin (1993),
som anvendte radio-telemetri pa oddere, fandt
heller ikke nogen sammenhzeng mellem fore-
komsten af traeer og tilstedeveerelsen af oddere.

En tiltagende eutrofiering har ikke en negativ
indflydelse pa den danske odders forekomst,
snarere tveertimod. Dette er i klar modsztning
til Lunnon & Reynolds (1991), som fandt, at 80%
af de lokaliteter, hvor der blev fundet oddere i
Irland, bestod af ikke forurenede vandlabs-
streekninger. En ikke helt gennemeskuelig de-
finering af organisk og industriel forurening
bedemt i felten pa de enkelte besogte lokaliteter
kan vere forklaringen p& Lunnon & Reynolds
konklusion.

I Danmark og andre steder i Europa er der en
storre teethed af oddere, malt som andelen af
positive lokaliteter ved landsdzekkende felt-
undersegelser, i tyndt befolkede omrader {Ma-
son & Macdonald 1986). Jefferies (1987) har i en
review artikel beskzftiget sig med odderens di-
rekte reaktioner overfor menneskelige forstyr-
relser. Han konkluderer, at odderen foretraekker
mere fredfyldte omrader fremfor meget for-
styrrede. Odderen synes, at vaere mest pavirket
af menneskelige aktiviteter nzer dens bo og spe-
cielt lose hunde reagerer odderen meget kraftigt
pa. Hunner med unger er szrdeles falsomme
overfor forstyrrelser.

Alligevel har de menneskelige forstyrrelser
ikke nogen signifikant indflydelse pa odderens
tilstedeveerelse pa de undersogte danske lokali-
teter. En forklaring herp# kan veere forskellen i
degnrytme, generelt er oddere nataktive og
mennesker dagaktive.

Kanosejlads og sportsfiskeri er de vigtigste
rekreative aktiviteter, malt som antallet af men-
nesker der ferdes langs seer og vandleb. Pa
baggrund af bl.a Jefferies konklusioner er det

vigtigt at seer, storre moseomrader og afsides-
beliggende fjordomrader beskyttes. Dette er igv-
rigt i overensstemmelse med Madsen, Gaard-
mand & Mikkelsen (upubl. manuskript), som pa
baggrund af flere ars registreringer af oddernes
markeringsaktivitet langs forskellige typer
vandlebssystemer konkluderer, at vandlebssy-
stemer som indeholder se-, mose- eller fjord-
omrader er af betydelig sterre veerdi for oddere
end vandlebssystemer uden. En del af disse
omrader ligger iovrigt et stykke fra hovedvand-
lebene og er i mange tilfzzlde ufremkommelige
og derfor ikke attraktive for f.eks sportsfiskere.

Selvom kun syv variable, der indikerer
habitatstruktur, anvendes i modellen til identi-
ficering af odderhabitater ber potentielle bru-
gere kritisk evaluere berettigelsen heri i relation
til deres lokale omrade. F.eks vil et meget stort
antal sportsfiskere og sejlere pd en vandlebs-
streekning og samtidig intensiv fjernelse af bred-
vegetationen have en negativ effekt pa odderen.
Modsat kan en vis forstyrrelse dog tolereres pa
streekninger, hvor sivel fade- som skjulemulig-
hederne er optimale (Macdonald & Mason
1994).

Ligeledes, vil de signifikante forskelle, pa de
i modellen udvalgte variable, mellem amter
med forekomst af odder og amter uden, ikke
forhindre at odderen breder sig til den ovrige
del af landet. P& den anden side vurderes det, at
baerekapaciteten for oddere i disse omrader ikke
har det samme niveau som findes i Midt- og
Nordvestjylland.

Den gennemferte danske analyse og resul-
tater omkring total-PCB fundet i oddere i Spa-
nien og pa Shetlandseerne (Smit et al. 1994)
medferer, at anvendelsen af odderen som en
god indikator for vand- og habitatkvalitet ber
ske med forsigtighed.

1.4  Sundhedstilstand, kondition

og miljegifte

Undersegelser er foretaget af 194 omkomne
oddere fra perioden 1979-1993. Heraf kunne 145
individer veterineert obduceres (Madsen et al.
VII). Den sterste del af de indleverede oddere
var trafikdraebte eller druknet i ruser. Blyhagl
blev fundet i 5% af de undersegte dyr. For ferste
gang i en fritlevende odderbestand er der blevet
pavist distemper virus (hvalpesyge) og et til-
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feelde af Angiostrongylus vasorum larver. In-
fektiose tilstande blev fundet i 22,1% af de ob-
ducerede dyr, selvom kun fad oddere til-
syneladende er dede af disse infektioner.
Undersogelserne viser ogsa, at odderne ikke er
parasiteret af hverken endo- eller ectoparasitter,
hvilket tilskrives dyrenes soliteere levevis og
lave bestandsteethed.

Har- og leverprover af 69 af de indleverede
oddere er undersegt for indhold af kvikselv, bly
og cadmium (Madsen & Mason 1987, Mason &
Madsen 1992). Koncentrationerne af disse tung-
metaller er generelt lave og ens i hunner og
hanner, men adulte individer har signifikant
hojere indhold af bly i leverprover end juvenile.

De gennemsnitlige koncentrationer af Lin-
dane, Dieldrin, p,p-DDE, o,p-DDD, 0,p-DDT og
total-PCB i lever og muskelprover fra 73 af de
indleverede oddere var ligeledes generelt lave
(Mason & Madsen 1993). Et parallelt indsamlet
materiale af ekskrementer fra 19 forskellige lo-
kaliteter indeholdt tilsvarende lave kon-
centrationer. Oddere, som er dade af ukendte
arsager, indeholder storre koncentrationer af
PCB end oddere som er omkommet i ruser eller
i trafikken. Adulte oddere har sterre koncen-
trationer af PCB end juvenile. Koncentrationen
af bade PCB og DDE i lever- og muskelvav har
veeret signifikant faldende i perioden 1980-1990.

Pavisning af distemper virus er sammen-
faldende med de perioder, hvor distemper virus
blev fundet i speettet szl (Phoca vitulina) og ved
storre udbrud i danske mink farme (Blixen-
krone-Moller et al. 1989). Fund af blyhagl i de
indleverede oddere indikerer, at der trods jagt-
fredning stadig skydes efter danske oddere.
Lignende lovovertraedelser angives fra Dstrig
(Gutleb et al. 1995).

Den maksimale koncentration af bly i det
danske materiale (13,49 mg/kg) er lavere end
middelkoncentrationen angivet af Mason et al.
(1986) for prover fra England (18,75 mg/kg) og
Sverige (31,20 mg/kg).

Indholdet af organochloriner og PCB var
sammenlignelige med prover fra Irland (Mason
& O'Sullivan 1992), og koncentrationen af disse
stoffer i odderekskrementer indsamlet i Dan-
mark er lavere end et tilsvarende materiale ind-
samlet i Wales (Macdonald & Mason 1988).
Baseret pé individer omkommet af pludselige
dedsérsager (trafik og rusedrukning), er der
ikke signifikant forskel p& konditionen hos
oddere fra Danmark og Shetlandseerne (Kruuk
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& Conroy 1991). Bl.a. Irland og Shetlandseerne
huser meget livskraftige bestande af oddere
(Foster-Turley et al. 1990). Konditionen hos
oddere indsamlet omkring 1960 (Jensen 1964) er
ipvrigt af samme storrelsesorden som oddere
indsamlet i perioden 1980-1993 (Madsen et al.
VII).

13 (18%) af de danske oddere havde en kon-
centration af total-PCB sterre end 50 mg/kg an-
givet som en toksikologisk graenseveerdi for
bestande af oddere (Olsson et al. 1981, Mason
1989, Olsson & Sandegren 1991, Leonards et al.
1994). De Vries (1989) angiver den geometriske
middelveerdi (30 mg/kg) som en mere realistisk
veerdi, idet den aritmiske middelveerdi (50
mg/kg) er influeret af fa hoje veerdier.

Udover, at der er metodemaessige forskelle i
de forskellige undersogelser som gor sammen-
ligning af PCB-indhold vanskelig papeger Smit
et al. (1994), at der udelukkende er blevet foku-
seret pa total-PCB, hvorimod isomer-specifikke
studier mangler. PCB-isomer menstre kan varie-
re mellem individuelle oddere, og total-PCB er
derfor ikke et tilstraekkeligt mal for PCB belast-
ningen. F.eks er relativt heje koncentrationer af
total-PCB fundet i oddere fra Spanien og Shet-
landseerne, der som navnt huser teette odder-
bestande. Koncentrationen i danske oddere af
PCB 77,126, 153, 169, som vurderes til at udgere
nogle af de giftigste, er dog ogsd meget lav
(Elmeros 1996).

Samlet ma det konkluderes, at danske oddere
generelt er i en sundhedsmaessig god tilstand,
og at koncentrationen af tungmetaller og orga-
nochloriner er meget lavt og af en sterrelses-
orden som i dag er uden sundhedsmzessig be-
tydning for bestanden. Det kan dog ikke ude-
lukkes, at disse stoffer tidligere har haft en
negativ indflydelse pi oddernes reproduk-
tionsevne og deraf felgende negative be-
standsudvikling. Odderens egnethed som indi-
kator for miljegiftbelastningen i vore vadom-
rider ber dog pa ovennzevnte baggrund indtil
videre vurderes med forsigtighed.

Danmarks Miljeundersagelser har indledt et
samarbejde med Free University, Institute for
Environmental Studies, Amsterdam med titlen
“Development of Otter-based Quality Objectives
for PCBs", hvor isomer-belastningen i tre ni-
veauer af fodekzeden (odder, fisk og sediment)
undersoges. Disse undersogelser kan maske
give svaret pd ovennavnte problemstillinger.
Herudover foreslas det, at der fremover fore-



tages stikproveundersegelser af de indleverede
oddere, siledes at udviklingen iseer omkring
distemper virus og beskydning kan felges. Be-
skydning i den omtalte sterrelsesorden er dog
neeppe begréensende i forhold til bestandsud-
viklingen.

1.5  Trafik og faunapassager

Undersegelser er foretaget af 115 trafikdrabte
oddere og efterfolgende besigtigelser af pakor-
selsstedet (Madsen VI). Andelen af trafikdraebte
oddere er steget fra 40% til 52% i perioden 1980-
1994, hvilket bl.a. skyldes at antallet af ind-
leverede druknede oddere er faldet markant.
Der er ikke signifikante forskelle mellem antallet
af trafikdrab i sommerméanederne sammenlignet
med vintermanederne. Mere end halvdelen er
trafikdraebte hanner (64,1%) og specielt adulte
individer. Dette tilskrives, at hannernes home-
range generelt er storre end hunnernes.

Oddere trafikdraebes signifikant hyppigere
pa veje med stor trafikteethed og -hastighed.
Knap 48% af odderne er pékert pa steder, hvor
en vej krydser et vandleb eller pd demninger
mellem to vidomrader. Infrarad videomoni-
tering af danske oddere (Madsen VI) afkreefter
iovrigt teorien om, at oddere foretraekker at
passere vejbroer over vejbanen i stedet for at
svomme under dem, som angivet af Reuther
(1980 p. 126).

Overraskende trafikdrzebes nogle oddere pa
lokaliteter der ligger mere end % km fra seer,
vandleb og fjorde. Det er dog tilsyneladende
ikke helt tilfeeldigt, idet det normalt er pa steder,
som ligger i den korteste afstand mellem to
vandafstremningsomrader. P4 denne baggrund
konkluderes det, at oddere ikke nedvendigvis er
isoleret fra hinanden af store landarealer, og for
en solitzert levende art som odderen, kan disse
“short cuts" veere en vigtig faktor i forbindelse
med opretholdelsen af en tilstreekkelig genetisk
variation.

Baseret pa variationen i trafikdrabslokaliteter
konkluderes, at det er umuligt at forhindre alle
trafikdrab af oddere, og der er ikke en enkelt
losning, som kan etableres pa alle potentielle
lokaliteter. Forskellige afvaergeforanstalminger
er vurderet og testet. To forskellige og effektive
faunapassager foreslas til lokaliteter, hvor veje
krydser vandlab.

Lafontaine (1991) ansldr, at omkring 5% af
den franske odder bestand arligt trafikdrzebes.
I relation til danske forhold vurderes det, at
mindst 12% af bestanden trafikdrabes, idet det
antages, at de 25 indleverede trafikdrabte
oddere om aret (1994) kun udger halvdelen af
det reelle antal trafikdrabte individer, ud af en
estimeret bestand pa ca. 400 dyr.

Data omkring kensratio og vejtyper er
sammenlignelige med data indsamlet i Tyskland
og Holland (Rogoschik et al. 1994, van Moll &
Christoffels (1989). Derimod trafikdraebes 70,4%
af de danske oddere pé lokaliteter, der ligger
mindre end 100 m fra vadomrader i modszet-
ning til kun 40,5% af de tyske oddere. Det synes
ikke umiddelbart muligt, at give en forklaring
pé denne forskel.

I modszming til Rogoschik et al. (1994)
konkluderer Madsen (VI), at etablering af vildt-
hegn til at lede oddere ind under en bro kun ber
anvendes undtagelsesvist. Placeringen af vildt-
hegnet kan veere praktisk uhensigtsmeessig,
vedligeholdelsen er forholdsvis stor og hvis ikke
vildthegnet er rigtig opsat ledes dyrene istedet
direkte ud i trafikken.

I Frankrig og pad de Ydre Hebrider er
afvaergeforanstaltninger (bl.a fauna passager) i
forbindelse med vejanleeg ogsa etableret
(Twelves & Kinross 1982, Lafontaine 1991,). Eta-
blering af sikre passagemuligheder bl.a. for
oddere ved sterre og mindre vejanleg er
allerede ivaerksat visse steder i Danmark. Dette
er bl.a. et resultat af de tiltag som er prioriteret
hejt i IUCN's og Danmarks forvaltningsplan for
oddere (Foster-Turley et al. 1990, Skov- og Na-
turstyrelsen 1996).

Taget i betragtning, at antallet af trafikdraebte
oddere idag udger 52% af de indleverede
omkomne dyr og mindst 12% af bestands-
starrelsen, ber udbygningen af fauna passager
intensiveres. Dette kan med fordel ske pa de
mest trafikerede veje i odderens udbredel-
sesomrade, og det ber bemarkes, at faunapas-
sager ogsa anvendes af arter som laekat (Musteln
erminea), mink, mosegris {(Arvicola terrestris),
vandsteer (Cinclus cinclus) og bjergvipstjert (Mo-
tacilla cinerea).
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1.6  Fiskeredskaber og sparrefor-

anstaltninger

Det har lzenge veeret kendt, at odderen kan'om-
komme i forskellige former for fiskeredskaber
(Jefferies et al. (1984) og for Danmarks vedkom-
mende er dette bla. omtalt af (Jensen 1964).
Stubbe (1977) angiver, at indferslen af de mo-
derne ruser af kunststof, som ikke giver odderen
mulighed for at bide sig ud, har forveerret pro-
blemet.

Undersogelser er blevet foretaget af 96
rusedruknede oddere (Madsen 1991). Alle de
rusedruknede oddere er fanget i perioden marts
- november, hvilket afspejler den seesonmaessige
variation i rusefiskeriet. Fordelingen mellem ju-
venile, subadulte og adulte oddere er hen-
holdsvis 5%:46%:10%. Den mindste rusedruk-
nede odder vejede 2,4 kg. Forst ved den ster-
relse folger ungerne moderen pa fangst. Som det
ses, er det iszer subadulte oddere af begge ken,
der findes omkommet, hvilket indikerer at disse
lettere forvilder sig ind i ruserne uden at kunne
komme ud.

Hovedparten (58%) af de druknede oddere er
fanget i enkeltruser, som er placeret saledes, at
en fouragerende odder faktisk ledes direkte ind
i rusen, nar den folger bredden af seen elier
fjorden. De ovrige 42% i kasteruser og en enkelt
i en staltradsruse. Halvdelen af de druknede
oddere er fanget i seer og de evrige i fjorde,
vandleb og kanaler. De fleste individer findes i
den inderste ende af rusen (fangstposen) og i
soer og fjorde pa dybder mellem 1 og 1% m
vand og i en afstand p& mindre end 60 m fra
land.

Den mest umiddelbare méde, at hindre ruse-
drukning af oddere p4, er at undga at dyrene
kan komme ind i rusen. P& det indsamlede ma-
teriale er der derfor foretaget forskellige krops-
mal. Pa basis af omkredsen over skulderen, som
udger den storste og mindst fleksible del pa en
odder, er den storste og mindste diameter, for-
udsat et zegformet elliptisk tvzersnit af dyret ud-
regnet (jvf. Jefferies et al. 1984). Pa grundlag
heraf er foresléet to forskellige spaerreforanstalt-
ninger. Et sparrenet anbragt i forreste beijle i
rusen, hvor sideleengden i de fleksible masker
ikke ma overstige 7,5 cm og en stoprist (ramme
med et kryds) fremstillet af et stift materiale
med 8,5 cm's sidelzengde, som hindrer at odder-
ne kommer ind i ruserne.
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I en periode pa 1% ar afprovede 40 ruse-
fiskere ialt 307 stopriste (Madsen 1991). Fang-
sten af 4l var den samme i ruser med stopriste
og ruser uden, og stopristen synes ikke at
forvaerre problemer med grede som seetter sig i
indgangen til rusen. I samarbejde med firmaet
PROCON under Arhus Amt blev en produktion
af stopriste herefter iveerksat.

Resultaterne af de gennemferte test af
stopriste er senere blevet bekreftet fuldt ud af
Berg (1993) og Pedersen & Koed (1995), men ved
lignende systematiske undersagelser foretaget
i England har man fundet signifikant mindre
fangster af &1 (malt i totalveegt) i forhold til ruser
uden stopriste. Derimod var vagten af salgbare
al over 100 g ikke mindre (Vincent Wildlife
Trust 1988).

Da rusedrukning ma anses for at veere en
vasentlig dadelighedsfaktor for den lille og sér-
bare danske odderbestand er der i en arraekke
blevet arbejdet pa at gere stopriste/spzerrernet
i ruser lovbefalede. Siden 1987 er der af Land-
brugs- og Fiskeriministeriet udstedt en raekke
bekendtgarelser, der i stigende omfang pabyder
anvendelse af stopriste, speerrenet og lign. i alle
fiskeredskaber, hvori der anvendes ruser.

Med udgangspunkt i de seneste bekendt-
gorelser og odderens nuverende udbredel-
sesomrade, skulle risikoen for rusedrukning af
oddere vaere elimineret. Det vil dog veere hen-
sigtsmaessigt, at pabudet i saltvand udvides i
takt med, at odderens udbredelsesomrade bliver
sterre. Efter indfersel af pabud om anvendelse
af speerreforanstalininger er antallet af ind-
leverede druknede oddere da ogsd faldet
markant (Madsen et al. VII), selvom det ikke
kan udelukkes at et sddant pabud kan afholde
nogle, der ikke har benyttet dem i deres ruser
fra at indsende en druknet odder.

Udover oddere kan speerreforanstaltminger
ogsa forhindre, at hvineender (Bucephala clan-
gula), skarver (Phalacrocorax carbo), sumpbever
(Myocastor coypus) og baever (Castor fiber) druk-
ner i ruser.

1.7  Forvaliningsmassige aspekter

og forvaltningsplan

Med det sigte, at fastholde og forbedre det nu-
verende udbredelsesomride og de naturlige
spredningsmuligheder for den danske odder, er



der udarbejdet en serlig forvaltningsplan, der
giver de overordnede retningslinjer og den
nedvendige baggrundsviden for at beskytte og
sikre den danske odderbestand og dens leve-
steder (Skov- og Naturstyrelsen 1996).

1 forhold til det evrige Europa, er den danske
bestand af oddere meget isoleret, idet positive
registreringer af oddere i Tyskland findes i en
afstand af ca. 60 km syd for den dansk/tyske
greense (Heidemann & Riecken 1988) og dermed
nzesten 175 km fra den naermeste registrering i
Danmark.

Antallet af oddere i Danmark er anslaet til at
vaere af storrelsesordenen 400 individer. Shaffer
(1981) anbefaler en effektiv bestand p& 500 kens-
modne individer for at opretholde en til-
streekkelig genetisk variation, siledes at be-
standen er i stand til at kunne tilpasse sig
svingninger i miljet. Dette svarer til en reel
minimums populationssterrelse (MVP) pa mel-
lem 1200 og 1600 dyr (Wansink & Ringenaldus
1989), 54 i denne sammenhzang mé den danske
odderbestand betegnes som lille og sarbar.

Til forskel fra andre danske pattedyrarter er
home-range for oddere i stor udstraekning li-
nezr. Dette betyder, at oddere generelt be-
veeger sig over store afstande, og de enkelte in-
divider vil siledes ogsd vare udsat for for-
holdsvis sterre risici end pattedyr, som beveeger
sig i et mere to-dimensionelt home-range.
Home-range for en enkelt odder kan veere op til
78 km vandleb for hanner og 21 km for hunner
(Kruuk et al. 1993, Kruuk 1995). Den maksimale
naturlige teethed vil derfor aldrig veere sarlig
hej. Isolerede naturomrader eller beskyttede
omrader vil sjzeldent vaere store nok til at kunne
understotte levedygtige, selvsupplerende od-
derbestande. Beskyttede omradder ma derfor
nodvendigvis veere forbundet af korridorer med
en tilfredsstillende habitatkvalitet (Madsen IX),
som tillader dyrenes vandringer og genetiske
udveksling. Der synes f.eks ikke at veere nogen
fornuft i at fremme bestandene til at yngle, hvis
ekspansionsmulighederne ikke kan ske til
potentielle yngleomréader. Derfor skal beskyt-
telse og forbedring af habitaten i forhold til
oddere foretages i stor skala.

I forvaltningsplanen er der udpeget inte-
resseomrader for oddere med henblik pad at
opbygge et skologisk sammenhangende net-
veerk af vigtige levesteder og spredningsveje for
odder i Danmark og den evrige del af det
centrale Europa (Reuther 1994, Wolters 1994).

Udpegningen af interessseomrader medferer, at
der disse steder ber tages ekstraordinzre
hensyn med henblik pd at sikre og forbedre
vilkarene for odderen. Det bedste udgangs-
punkt for en samlet koordineret forvaltning af
interesseomrader for odder vil derfor veere, at
de lokale myndigheder udarbejder konkrete
handlingsplaner for de enkelte omrader eller
dele deraf.

Som falge af den positive holdning til odder
i befolkningen foreslas det, at handlingsplaner
i vidt omfang realiseres gennem frivillige aftaler.
Skonnes mere indgribende foranstalminger at
skulle gennemferes, kan fredninger eller op-
rettelse af reservater/odderfristeder veere ned-
vendige. De mere praktiske forhold i forbindelse
med de enkelte forslag til beskyttelsesfor-
anstaltninger fremgar af Madsen (1989). Ud-
viklingen i odderbestanden ber fremover folges
gennem et nationalt overvagningsprogram med
5-10 ars mellemrum.

1.8 Konklusion

Sammenlagt er der ikke tvivl om, at den nega-
tive udvikling i odderbestanden herhjemme er
standset og udviklingen er vendt. Forelsbige
resultater fra en igangvarende landsdzekkende
feltundersogelse bekrafter dette (Mette Ham-
mershej, pers. medd., april 1996). Der synes sa-
ledes at veere et velbegrundet hab om, at od-
deren, i hvert fald i en &rrzekke, fremover kan
sikres som fritlevende art i Danmark.

Det tog mere end 10 ar, at vende den nega-
tive udvikling, og der er fortsat sa fa oddere, at
der ikke skal meget til for en positiv udvikling
kan blive vendt til det modsatte. I denne for-
bindelse, er der grund til at fortseette indsatsen
omkring etablering af faunapassager og gko-
logiske forbindelseslinjer, idet trafikdrab og
manglende spredningsmuligheder ma betragtes
som den alvorligste trussel mod den danske
odderbestand. Der bgr i denne sammenhzeng
iveerksattes undersegelser af odderes spred-
ningsevne i fjord- og havomrader, og bevagel-
ser og markeringsaktivitet hos isolerede be-
stande af oddere med meget lave teetheder.

Projektet er et godt eksempel pd, at forskning
og overvigning pé den ene side og radgivning
og aktiv forvaltning pd den anden er uad-
skillelige parter, nar det geelder opretholdelsen
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af den biologiske diversitet. Samtidig er det
resultatet af en feelles indsats og et sneevert sam-
arbejde mellem private foreninger, admini-
strative myndigheder og forskningsinstituti-
oner.

Det gennemforte projekt ber siledes ogsa
kunne bruges som model for tilsvarende beva-
relsesprojekter for andre dyrearter, hvis fortsatte
eksistens er i fare.
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Abstract

Hair samples from 52 specimens of otters, found
dead in Denmark between 1979 and 1986 inclu-
sive, were analyzed for cadmium, lead and mer-
cury. Mean concentrations {(dry weight) were 0.77
mg Cd kg, 1.28 mg Pb kg'' and 2.38 mg Hg kg,

all Jower than for a sample of otters from Great
Britain. Current concentrations of these metals in
Danish otters are unlikely to have toxicological sig-
nificance.

Introduction

The otter has declined substantially in both
numbers and range over most of Denmark,
being now largely restricted to parts of Cen-
tral and Northwest Jutland (Madsen and
Nielsen 1986). Declines have occurred simi-
farly over much of northwest Europe and
have been attributed particularly to pollution
with organochlorines, especially PCBs {Ols-
son et al. 1981) and dieldrin (Chanin and Jef-
feries 1978). Metals are also elevated in some
otters (Mason et al. 1986). The role of pollu-
tion and other factors in the decline of the
species is reviewed in Mason and Macdonald
(1986).

Now that the otter is so rare in Denmark, it
is certain that very few specimens will be-
come available for the assessment of current
pollutant loads, while there appears 1o be no
earlier information on pollutant burdens in
Danish otters. Hair can be used as a biologi-
cal monitor of blood metal concentrations
{e.g. Hansen et al. 1983) and several authors
have previously reported metal levels in otter
hair (Cumbie 1975, Sheffy and St Amant
1982, Mason et al. 1986). We report here an
analysis of cadmium, lead and mercury con-
centrations in hair from a sample of Danish
otters.
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Material and methods

Samples of hair were collected from 52 spe-
cimens of otters, mainly killed by traffic or
drowned in eel traps between 1979 and
1986. The localities of all but one specimen,
whose provenience was unknown, are shown
in Figure 1. Of those animals sexed, 29 were
males and 20 were females.

Samples were soaked in 'Pyroneg” for 30
mins to remove superficial grease and metal
contamination. They were then rinsed twice
in double distilled water, washed twice in ace-
tone and dried at room temperature in a
dust-free atmosphere.

After weighing, samples were digested by the
addition of 5 ml of a nitric/perchloric acid
mixture (4:1 by volume, analytical grade rea-
gents). Samples were left overnight at room
temperature and then heated for 90 mins at
40°C and a further 120 mins at 140°C until
the evolution of fumes ceased. Samples were
allowed to cool, made up to a constant vo-
lume of 10 ml using double distilled water
and stored at 4°C in 25 ml cell-counting pots
untit analyzed. Three replicates of all samples
were digested to allow the calculation of ana-
Iytical and sample variability.

Analyses were performed by atomic absorp-
tion spectroscopy, using either flame (Varian
AA-375) or graphite tube atomisation (Va-
rian AA-1275 with GTA-95 Atomiser Sy-

stem). Total mercury was determined by fla-
meless atomic absorption. Detection limits
for cadmium were 0.001 ppm, for lead 0.02
ppm and for mercury 0.01 ppm.

Fig. 1. Sites in Denmark from which otters, used in
the analysis of cadmium, lead and mercury in hair,
originated.

Results and discussion

The results of the analyses for cadmium, lead
and mercury in otter hair are presented in
Table 1.

The concentration of cadmium in hair from
these Danish otters was low, the mean value
(0.77 mg kg') being considerably below the
mean (1.12 mg kg"') reported by Mason et al,
(1986) for a British sample. There appears to
be no other data for comparison.

Similarly, the concentration of lead in the
Danish sample is markedly lower than that
recorded in the British sample (mean 18.05
mg kg').

82

The concentration of mercury in the sample
was also low, this element being below the
level of detection in 21% of samples, The
maximum value in the Danish sample (13.49
mg kg') was below the mean concentration
reported by Mason et al. (1986) for samples
of otter hair from Britain (18.75 mg kg"") and
Sweden (31.20 mg kg"). In Lutra canadensis,
mean concentrations of mercury in hair were
30.4 mg kg' from Georgia (Cumbie 1975)
and 6.47 mg kg from Wisconsin (Sheffy and
St Amant 1982). Sheffy and St Amant (1982)
considered 1 to 5 mg kg mercury in hair to
represent natural background levels and only
eight Danish specimens exceeded this leve).



Cadmium Lead Mercury
mean 0.77 1.28 2.98
standard error 0.09 0.20 0.45
range ND - 2.67 ND -7.40 ND- 13,49

“Table 1. Concentrations (mg kg' dry weight) of cadmium, lead and mer-
cury in hair from 52 Danish otters (ND = below limit of detection)

There were no significant differences be-
tween males and females in the concen-
trations of cadmium, lead or mercury in hair
{t-tests, P > 0.05). Concentrations of cad-
mium and mercury in hair were significantly
correlated (r = 0.45, P < 0.001), but there
was no significant relationship between lead
and either cadmium (r = 0.03, n.s.) or mer-
cury ({r = 0.05, n.s.). No significant corre-
lations were found between metals in a sam-
ple of otter hair from Britain (Mason et al.
1986.).

Of the 52 otters analyzed for metals in this
study, 41 originated from the county of Vi-
borg and 6 from the county of Ringkebing,
these two counties currently holding the ma-
jority of otters in Denmark. Madsen and
Nieisen (1986) reported that 47.1% of survey
sites in the county of Viborg and 25.5% of
survey sites in the county of Ringkebing were
positive for otters, compared with 0-13.2%
for other Danish counties. The counties of
Viborg and Ringkebing have relatively low
human populations compared with the rest of
Denmark. The county of Viborg (413.322

ha) has a large amount of inland water
(10,700 ha) and protected areas (25,000 ha).

The concentration of metals in the sample of
otter hair was lower than that from a sample
of British otters and metals are unlikely to be
of toxicological significance in this Danish
population. Similarly, a small sample of otters
analyzed for organochlorine residues was
found to contain only small amounts (Madsen
1987). Outers from the county of Viborg
could, possibly, form a nucleus from which
adjacent counties may be repopulated. Howe-
ver, a substantial number of otters in Den-
mark are drowned in fish traps, e.g. 29 of 53
animals delivered to the Natural History Mu-
seum in Aarhus in the period 1980-85 (Mad-
sen 1986). Destruction of riparian habitat has
also been carried out on a large scale {Mad-
sen aind Nielsen 1986). Thus legislation to re-
duce otter mortality in fish traps and a pro-
gramme of riparian habitat regeneration
would therefore seem essential steps in the
rehabilitation of the otter population in Den-
mark.
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Abstract

Seasonal changes in mortality and bedy condition of
samples of otiers from Denmark and Great Britain
were studied. There was no significant seasonal differ-
ence in overall mortality in animals dying violently
caused by traffic or fish traps or in animals dying from
natural causes. A significant change with season in

body condition was apparent in those animals that died
violently but not in those dying from natural causes.
Condition was lowest in July/August and may be due
merely to the loss of insulatory fat as a response to
warmer ambient temperature.

Introduction

In a study of coastal dwelling otters Lutra lutra
on the Shetland Islands, off the northern coast
of Scotland, Kruuk et al. {(1987) observed a sea-
sonal decrease in body condition, expressed as a
function of weight over length. Body condition
declined during the first half of the year and
reached a minimum during May and June. Most

of the natural mortality (through disease and/or
starvation) occurred bewween March and june.
Furthermore Kruuk et al. {(1987) observed that,
although otters are polyoestrus, 83% of the lit-
ters were born during May — August, when fish
biomass in inshore waters is approaching its
peak.

Communication no. 229 from Game Biclogy Station, Kalo, 8410 Rende, Denmark.

217

27



In most inland waters fish would not be able to
move out of the range of foraging otters. This
might lead to less marked changes in availability
of food for otters over the seasons and hence no
seasonality in breeding, mortality or condition.
Stephens (1957), Harris (1968), Mason and
Macdonald (1986) compiled and analysed data
on cubs without observing overt seasonality in

breeding in mainland Britain. Macdonald and
Mason (1987) found that regional seasonal
trends might occur. There is, except that given
by Kruuk et al. (1987) for the Shetlands, howev-
er, no information on seasonal changes in con-
dition or mortality. The present paper examines
these factors on the basis of data from Denmark
and Britain.

Materials and methods

Information on lengths and weights of 201 ot-
ters, and where available causes of death, were
obtained from the following sources:

1. Otters (N=81) examined by the Game Biology
Station, Kalg, Denmark over the period 1960-
1963 (Jensen 1964).

2. Otters (N=57) sent to the Natural History
Museum, Arhus, Denmark, over the period
1979-1989 (Madsen, unpublished).

3. Otters (N=31) killed on roads, drowned in fish
traps or live-trapped for telemetry, Uist, Outer
Hebrides, Scotland, 1978-1981 (Twelves 1982).
4. Otters (N=32) received from mainland Brit-
ain and the Orkney Islands, northern Scotland,

for analyses of pollutant burdens 1952-1988
{(Mason, unpublished).

In addition information on causes of death of 24
otters (Madsen and Mason, unpublished) for
which no measurements were available, was
used.

Body condition (K) of otters was calculated
(Kruuk et al. 1987, following Le Cren 1951) as:

K=W/(a x L%

where W=weight (kg) and L=1otal length (m).
The constants were those calculated by Kruuk et
al., viz. 2a=5.02 for females, 5.87 for males;
n=2.33 for females, 2.39 for males.

Results

Fig. 1 shows mortality of otters related 1o
months. Data from Jensen (1964) and Twelves
(1982) were excluded, as the former included a
substantial number of unspecified animals killed
by hunters within a restricted period; the latter
included some unspecified animals live-trapped
for radiotelemetry. The timing of overall mortal-
ity did not differ significantly (Chi®=3.57,
d.E=5, P)0.05).

Fig. 2 illustrates mortality in different months of
otters dying violently (by traffic or drowning in
fish traps) and naturally, respectively. The tim-
ing of violent mortality did not differ significant-
ly (Chi®=5.76, d.[.=5, P)0.05). Traffic accidents
formed the bulk (82%) of deaths in March/April
and fish traps the bulk (86%) in May/June, but
seasonal variations in either type of mortality
were not significant (Chi"'-el.40, 2.18 respec-
tively, P) 0.05).
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Fig. 1. Mortality of otters (N=113) related to months.
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Fig. 2. Percent otters dying violently (N=86) or
through natural causes (N=27) in relation to months.



To look for seasonal variation in natural mortal-
ity the smaller sample was combined into three
periods, March/June, July/October and No-
vember/February, for analysis, but there was no
significant  difference (Chi*=1.55, d.[.=2,
P)0.05). Natural deaths were therefore equally
distributed throughout the year.

To study condition, the four data sets were ex-
amined initially using analysis of variance, but
there were no significant differences (F=0.96,
P}0.05). The coastal data {from Uist and Orkney)
did not differ significantly from mainland data
{d=0.33, P}0.05) and males did not differ signif-
jcantly from females in condition (d=1.6,
P)0.05). The data for sexes and for regions were
therefore combined for an examination of sea-
sonal changes in condition.

The seasonal changes in body condition are
shown in Fig. 3. An analysis of variance of the
bimonthly data showed a significant difference
(F=2.50, N=201, P{0.05), there being a decline
in condition during July/August. When only vi-
olent deaths were considered the analysis of vari-
ance showed a greater level of significance
(F=38.15, N=179, P{0.01).

To analyse the much smaller sample of natural
deaths, data were combined into the same three

condition
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Fig. 3. Seasonal trends in body condition of otters
{mean * 2 SE and range, N=201).

periods as above November/February, March/
June and July/October, but there was no signif-
icant difference (F=0.008, N=22, P)0.05).
Therefore any change in condition would ap-
pear to be part of a natural cycle rather than
reflect seasonal difficulties leading to mortality.

Condition of animals dying from natural causes
was significantly lower (mean 0.87) than that of
animals dying from traffic accidents and in fish
traps (mean 1.15) (d=4.10, P{0.001).

Discussion

Kruuk et al. (1987) studied an otter population
in the Shetland Islands which obtained the ma-
jority of its food from the intertidal zone. It was
found that violent deaths (mostly traffic acci-
dents) in otters were equally likely to occurat any
time of year, but that natural mortality (starva-
tion and/or disease) was concentrated in the
period March/June. It was also suggested that
there was a decline in body condition of otters to
a minimum in May/June, but that this trend was
not significant in animals which died violently.
Kruuk et al. (1987) attributed the decline in
condition and increased natural mortality in the
March/June period to a difficulty in feeding in
winter and early spring when the major prey
species of fish move into deeper waters where
otiers could not catch them.

The results presented here differ in a number of
ways from those of Kruuk et al. (1987). Otters
were collected over a broad geographical area of
Denmark and Britain and over a large time span
(1960-1963 and 1978-1989) in contrast to the
concentrated study in Shetland (1981-1985).
The majority of otters came from freshwater
habitats, though the coastal sample (from Uist
and Orkney off the Scottish coast) did not differ
significantly in body condition from the main-
land sample. In freshwater, fish would have less
opportunity of moving out of the reach of otters,
so that marked changes in mortality and condi-
tion associated with food shortage might not be
expected. Nevertheless there are some marked
seasonal changes in the distribution and accessi-
bility of food items, such as the winter spawning
runs of salmonids, the partial hibernation of eels
(Anguilla anguilla) in sediments during the win-
ter or ice covered lakes in wintertime, The signif-
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icance of these scasonal changes may well de-
pend on the spectrum of resources available 1o
otters, which itself will be influenced by such
fiactors as geography, altitude and water chemis-
try.

In contrast to the study of Kruuk et al. (1987)
there were no significant seasonal differences in
natural mortality in the present study. Further-
more, there was no significant difference in the
scasonal incidence of violent mortality as found
by Kruuk et al. on Shetland,

The present study demonstrated a significant
decline in body condition in July/August, condi-
tion otherwise varying little with season. This
significant decline in condition was also appar-
ent when only violent deaths were considered,
but not when natural deaths were considered
alone. Kruuk et al. (1987) reported a significant
decline in body condition from winter to a mini-
mum in May/fune. This trend was also apparent
in live otters and those killed in accidents, but
was apparently not significant. The authors
therefore infer that spring decline in condition
is a particular feature of animals dying naturally,
due to winter food shoriage. Neither data nor
statistical analysis are however presented 1o sup-
port this view and their analysis of seasonal
changes of body condition used an incorrect
value of degrees of freedom in the Kruskal-Wal-
lis analysis of variance (see their Fig. 5), which is
significant at P{0.03, not at P{0.01. Tt is possible
that the number of data in subsamples may be
too few to provide statistically significant differ-
ences with this lower level of significance for the
full sample.

The condition index, based on functions of
weight over length, was developed primarily for
fisheries studies (Lagler 1956, Weatherley and
Rogers 1978}, 1o yield insights into food supply
of the [ishery, the timing and duration of the
breeding cycle etc. It is primarily an index of
fatness. In contrast to fish, otters are homeo-
therms and one major cause of changes in fat-
ness and hence condition is the requirement for
insulation. We suggest that the decline in condi-
tion in July/August could be a natural slimming
response to the peak water and air temperatures
which occur at that time. The decline in ¢ondi-
tion of Shetland otters to a minimum in early
summer may also be a result of reducing fat in
accordance with temperature rise. Although sea
temperatures off the Shetlands vary rather less
than freshwater habitats (Kruuk et al. 1987), air
temperature is seasonally more variable and ot-
ters spend most of the day out of the water. The
lower water temperatures in freshwater habitats
in winter and spring compared to those of coast-
al Shetland may be the reason for the higher
average condition of otters in our study during
this period (compare Fig. 3 with Fig. 5 of Kruuk
et al. 1987). Because of cycles in weight related
to ambient temperature in homeotherms it may
be necessary to develop a more subtle index of
body condition, such as the bone marrow fat
index used by Sinclair (1977).
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OTTER (Lutra lutra) MORTALITIES IN FISH
TRAPS AND EXPERIENCES WITH USING
STOP-GRIDS IN DENMARK

Aksel Bo Madsen

Abstract

Body measurement data and other information on drowned
otters and fishermen’s experiences with using stop-grids in
fish traps in Denmark were studied.

The majority of the drowned olters were subadult individuals,
of these the number of males and females was the same. The
otters drowned in both single and double fyke nets set in
shallow water, especially in lakes but also in fiordsfinlets and
rivers/canals.

The eel-catch was the same in fish traps with stop-grids as in
fish traps without stop-grids. However, there is no doubt that
the catch of other fish (primarily roach, bream and pike) was
reduced. Stop-grids seem not noticeably to worsen the
problem of water-weeds blocking the trap opening in fish
traps set in lakes.

The results on stop-grids contrast rernarkably with a system-
atic, English study.

1. Introduction

In Denmark, the otter is distributed in the lakes and
rivers around and in the western part of the Lim Fiord
(MADSEN and NIELSEN 1986). Unfortunately, this is
the same par of the country where fish traps are most
commonly used. Furthermore fish traps are set in
exactly the same places as the otters like to forage.

The problem of otters drowning in fish traps in Denmark
has been known for many years (JENSEN 1964;
SCHIMMER 1981; MADSEN 1986). A review of otter
mortality in fish traps collected from different sources
(JEFFERIES et al. 1984) shows that itis a problem in
many Europeancountries. Accordingto STUBBE(1977),
the problem seems to have increased since the intro-
duction of nylon fish traps in about 1960. Various otter
guards have been designed but knowledge of their
practical use was lacking.

In 1887, preliminary results from 15 fishermen using
stop-grids in fish traps were collected (MADSEN 1287)
andin 1988 a report on the effects of using otter guards
on the fishing efficiency of eel fyke nets was published
(THE VINCENT WILDLIFE TRUST 1988). Since then,
more Danish fishermen have tested the stop-grid.

inthe Netherlands, fishing effiency in fish traps mounted
with stop-grids with a mesh-width of 80x80 mm has
been tested (VAN MOLL 1988) but the results have not
yet been published.

TWELVES (1983) collected data on otter mortalities in
iobster creels of the Uist istands in the Outer Hebrides.
Fyke netting casualties in fresh and brackish water are
less well documented, for example, it is not known in
which sites, depth and chamber the corpses are usually
found.

The lack of dead otters in a reasonable condition and
perhaps especially people's unknowing of the need to
deliver otters is a problem in many European countries
and important information is lost.

in Denmark, we have a very good tradition for delivering
dead otters to Museums which makes it possible for us
10 examine and collect data from this sparse material.
This information is of scientific value, especially in the
discussion of the mesh-width of otter guards.

This paper examines body measurement data and
other information from otters drowned in fish traps and
discusses fishermen’s experiences in using stop-grids
in fish traps.

2. Methods

Otters drowned in fish traps were examined and data on
date of death, sex, age, weight, length and chest-
circurmference were collected.

Each animal was registered as either juvenile (not yet
finished tooth replacement), subadult (epiphyseal clo-
sure of humerus and femur at their proximal and distal
ends not finished) or adult (fully grown animals). For
males, the length of baculum was also used (VAN
BREE et al. 1966).

Working diameter, elliptical length and elliptical breadth
are calculated on the basis of values detailed in
JEFFERIES et al. (1984, page 18). Satisfactory data do
not exist for all the otters delivered. Therefore, the
number ofindividuals includedinthe calculation of each
measurement is variable.
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Contact with the fishermen who delivered the dead
olters gave further information about the location, trap-
type, depth, distance from land and in which chamber
the corpses were found as well as evidence of attempts
by the otters to get out of the trap.

In Denmark, the most used trap-types are single fyke
nets usually with a 60— 90 cm entrance and double fyke
nets (two fyke nets each having a 50 cm entrance and
a joint leader). Wire fyke net made from wire mesh and
fitted with a wing to each side are used in some rivers.

Figure 1: Fish trap mounted with a stop-grid.

Foto: Merete Jepsen

Since 1986, stop-grids — arigid, square, steel 85 mmbar
length grid fitted to the inner end of the first fyke funnel
(JEFFERIES etal. 1984) —(Figure 1) have been distributed
without charge to any interested Danish fisherman.

Instead of testing the stop-grid in a systematic way, it
was decided to involve experienced fishermen to take
partinthe study. This enables us at the same time to get
information about the fishermen'’s attitudes towards such a
blockingarrangement. Theresearch is, therefore, based
on questionnaires sent {0 40 fishermen and is about
their experiences in using the stop-grids in fish traps.

3. Results
3.1 Mortalities

During the period 1980 — June 1989, 96 otters were
delivered to Museums and 41 of Ihese were drowned in
fish traps (Figure 2). The fact that all the otters were
caught during the period from March to Novemberis a
result of seasonality of fishing activity in the places
where the otters occur rather than seasonal otter activ-
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Figure 2: Monthly distribution of drowned otlers from

1980 to June 1988.

ity. More otters were delivered in May and Octaber than
in other months of the year, However, such differences
must be evaluated with caution given the small size of
the samples,

Table 1 gives information about sex, age and body
measurements for otters drowned in fish traps. 54% of
the otters drowned were males and the distribution
between juveniles, subadults and adults irrespective of
sex is 5% : 46% : 10% respectively. This indicates that
itis especially inexperienced otters (subadults) of both
sexes which are caught in fish traps.

The dead otters weighed between 2.4 kg and 11.3 kg
and were between 72.0 cmand 129.0 cm long. Circum-
ferences of 29.5 — 50.0 cm, working diameter of 9.4 —
15.9 cm, elliptical length of 10.7 - 18.2 cm and elliptical
breadth of 7.9 — 13.4 cm were recorded. These data are
of particular interest because they form the basis of the
size of otter guards used in fish traps. A rigid stop-grid
of 8.5 cm would just allow the chest of the smallest otter
(2.4 kg in weight, 72.0 cm in length, 29.5 cm in circum-
ference) through the grid.

Figure 3 shows the sites (lakes, fiordsfinlets, rivers/
canals) and the different trap-types in which otters were
found drowned.

Half of the otters delivered were drowned in lakes and
the other half in fiords, in rivers and in canals. The
number of otters drowned in fiord areas suggests that
Danish otters forage here more than we had initially
anticipated. In fiord areas, the dislance from the fatal
traps to adjoining streams is usually rather short.

The majority (58%) of the dead otters were found in
single fyke nets. The reason for this may be that single
fyke nets are, in most cases, set with one end starting
fromthe land, so that the otter on foraging is led into the
fish trap. Double fyke nets are set independently of the
land. Only one accident by drowning in a wire fyke net
has been recorded. Normally the entrance of this type
of fish trap is too small for an otter to enter, but in this



Table 1: Sex, age and body measurements for otters drowned in lish traps.
Sex ratio
Age group temales males ? total
juveniles 1 1 - 2 (5%)
sub-adults 10 9 = 19 (46%)
adults 1 3 - 4 (10%)
? 5 9 2 16 (39%)
total 17 (41%;} 22 (54%) 2 (5%) 41 (100%)
Number Range Mean:tSE
Weight (kg) 31 24-11,3 6,21+2,04
Length (cm) 3c 72,0-129,0 98,24+ 11,80
Circumference {cm) 20 29,5-50,0 40,7+54
Working diameter (cm) 20 94-159 13,0+1,7
Elliptical length (cm) 20 10,7-18,2 14,8+2,0
Elliptical breadth {cm) 20 7.9-134 10,9+1,4
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Figure 3: Sites and trap-types where otters were found Figure 4: Depths and distances from land of fish-trapped

drowned.

case, the trap was a home-made one in which the
entrance was larger allowing the animal to penetrate.

The relationship between depth and distance from land
for the drowned otters is illustrated in Figure 4. Most of
the otters drowned were foraging atdepths of 1 —=1.5m,
whilst the greatest depth from which otter bodies were
recovered (those of three subadults) was 2.5 m.

The distance from land to the fatal fish traps varied
between 0 — 200 m but most of the otters were drowned
less than 60 m from land.

The results do not indicate any connection between sex
or age and depth and distance from land where otters
were found drowned.

olters.

22 out of 31 otters were found drowned in the last
chamber/cod end of the fish traps. Three ofters were
squeezed between two chambers. Inthree cases there
were biternarks on the fish traps and other indications
that the otter had tried to get out.

In 22 of the fish traps, beside the otters, there were fish
such as eel (Anguilla anguilla), viviparous blenny
(Zoarces viviparus), perch (Perca fluviatilis), bream
(Abramis brama), roach {Rutilus rutilus), trout (Salmo
sp.), horke (Acerina cernua), pike (Esox lucius), herring
(Clupea harengus) and sea scorpion (Myoxocephalus
scorpius) in the fish trap.

The places where the otters were found, the fact that
there are usually fish in the traps and the lack of
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bitemarks in either the trap itself or in the fish caught
indicates that in most cases the otter gets caught in the
fish trap accidentally and that death by drowning occurs
rather quickly.

3.2 Stop-grids

The 40 fishermen involved in the study were distributed
over 27 different localities (19 lakes, 7 rivers and 1 fiord)
in northwest Jutland, in the centre of Jutland, on Funen
and in south Jutland.

307 stop-grids placed in 252 fish traps (76 fyke nets and
176 double fyke nets) were tested. Some fishermen
used both fish traps with stop-grids and fish traps
without stop-grids, others used only fish traps mounted
with stop-grids. The fishermen used the stop-grids from
July 1986 — December 1987.

Table 2: 40 fishermeen's experiences in using stop-
grids in fish traps during the period July 1986
-~ December 1987.
greater | the same | smaller | don't know
The caich 1(3%) | 35(88%) | 3(7%) 1(3%)
of eels

The catch of

other fish - 10(25%) |23(58%) 7{18%)

Waterweed/

algae problems | 9(23%) | 25(63%) | 3(7%) 3(7%)

Even though the number of fishermen participating in
this study has more than doubled since an earlier,
preliminary investigation (MADSEN 1987), the results
have not changed (Table 2).

35 (88%) of the fishermen found that the calch of eel
was the same in fish traps with stop-grids as in fish traps
without stop-grids. Only three fishermen (7%) found
that the catch was reduced when using stop-grids.

On the other hand, there is no doubt that the catch of
other species of fish [primarily roach (Rutilus rutilus),
bream (Abramis brama) and pike (Esox lucius)] was
reduced as indeed was expected. 23 (58%) of the
fishermen found their catch of these species reduced
but most said that the reduction was of no importance.

25 (63%) of the fishermen did not find that stop-grids
made the problem of waterweeds and algae blocking
the trap-opening worse, However nine (23%) of them
were of lhe opinion that this problem was made worse.

The attitudes of the fishermen towards stop-grids were

an imporant parameter in the investigation. 32 fisher-
men answered this question and 30 maintained that the
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stop-grid is a reasonable compromise between protec-
lion of the otter population on the one hand and protec-
tion of fishing interests on the other. Inthe duration of the
experiment, no ofters were recorded as having been
drowned in fish traps mounted with stop-grids.

4, Discussion

Drowning in fishtraps is still the major cause of death in
otters. Experiences show, however, that not all dead
Danish otters are registered, therefore, the total of 41
recoveries must be looked upon as an absolute mini-
mum. ltis notknown whether the actual figure is double
or three times as big.

The results on sex ratio (41% females, 54% males)
seem to agree with those of FAIRLEY {1972) where the
sex ratio amongst 32 olters drowned in freshwater was
equal. In a Dutch investigation (VAN MOLL 1988) 45%
of the drowned otters were recorded as juveniles. This
is in sharp contrast to data presented in this paper in
which only two individuals or 5% were juveniles. The
difference may be becausebothjuveniles and subadults
were collected into the one group “juveniles” in the
Dutch study. However, the age group criteria used are
not mentioned. In fact the smallest ofter examined
would not have avoided death in a fish trap even though
a stop-grid had been mounted. A stop-grid with max. 70
mm bar length would have prevented this.

The results on sex and age are also different from data
coliected on the Uist islands in the Quter Hebrides
(TWELVES 1983). In the Uists, 65% of the drowned
otters of known sex and status were adult females in
contrastto 8% inthis study. The explanation for this may
be that Danish traps have multiple funnels with wide
enirances, permitting the passages of both sexes,
whereas Scottish lobsler creels are of a size that do not
always allow males to pass through. The results of the
test of stop-grids contrast with those of an English study
in which the influence of four different blocking arrange-
ments on the eelcatch was tested (THE VINCENT
WILDLIFE TRUST 1288). This research shows that the
eel-catch (weight and numbers) is lower when using
stop-grids than when steel rings, front net-guards, grid-
guards and control traps with no blocking are used.
However, the stop-gridis simple and cheap to produce.,
Itis easy to clean weeds and algae from it and it can be
used in a considerably larger selection of traps than the
other blocking arrangements,

Inthe light of the studies mentioned it is remarkable that
the results of the Danish and English researches do not
agree. As there are both advanlages and disadvan-
tages in using the different blocking arrangements
tested, itis up to the individual fisherman which blocking
arrangement he prefers. From the experiences of the
Danish fishermen, we concluded that stop-grids are an



effeclive method of preventing subadult and adult otters
from drowning but there Is still a risk for small juveniles.
However, it are subadult otters which are most com-
monly drowned in Denmark. The stop-grids (85 mm bar
length) or front net-guards {75 mm bar length) in fish
traps are now mandatory for all hobby fishermen in
nearly all areas of Denmark where the olter is found.
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Table 1. Concentrations of Hg (mg kg! fresh weight) in liver tissue from 69 otlers collected in Denmark,
1980-90, given according to sex, age and cause of death.

Sample size Mean Range
Sex
Male 34 2.39 0.14-12.37
Female 35 2.21 0.03-10.94
Age
Juvenile 12 0.34 0.03-1.99
Subadult 31 1.59 0.18-5.78
Adult 26 4.15 0.92-12.37
Cause of death
Traffic 22 3.45 0.27-12.37
Drowning 28 1.75 0.12-5.78
Unknown 18 2.18 0.03-6.95
Overall Mean
69 2,30 0.03-12.37

Results, presented as arithmetic means and ranges, are given in mg kg -1 fresh weight of tissue.
Statistical analyses (t-test, analysis of variance and the Tukey-Kramer method for comparisons among means)
were conducted on logarithmically transformed data.

RESULTS

Concentrations of Hg were generally low (Table 1).  Only 10 samples had Hg concentrations above 4
mg kg1, two of these above 10 mg kg*!. Concentrations of Hg in males and females did not differ significantly
{t=1.62, P>0.05), but they did between age groups (F=52.5, P<0.001); adulis had significantly higher Hg
concentrations than subadults, which had significantly more than juveniles. Concentration of Hg was also
related to cause of death (F=3.65, P <0.05); traffic victims had more Hg than animals which died by drowning
or from unknown causes. The latter two categories did not differ significantly.

DISCUSSION

Wren (1986) suggested that total Hg concentrations in livers of less than 4 mg kg1 fresh weight were
normal for otters; 59 (86%) of Danish samples were below this value. Kruuk and Conroy (1991) inferred that
liver concentrations of Hg higher than 10 mg kg-! might be associated with sub-lethal effects. Only two Danish
otters, an adult male and an adult female, exceeded this threshold. The mean concentration and range in
Danish otters was lower than those reported from Ireland (Mason and O'Sullivan in press), Great Britain
(Mason et . al, 1986} and Shetland (Kruuk and Conroy 1991). Similarly, Hg concentrations in the hair of
Danish otters were lower than in other studies {Madsen and Mason 1987).

Kruuk and Conroy (1991) found that Hg concentrations increased with age in otters, In the ﬁresenl
study mean Hg concentrations in adults (mere than 18 months old) were more than 12 times those of juveniles.
The concentration of Hg in otters killed by traffic was greater than with other forms of mortality, but this is due
to the fact that more adults than subadults or juveniles are the victims of traffic accidents (Mason and Madsen
1992},
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In conclusion, the present results confirm the view of Madsen and Mason (1987) that Hg is unlikely to

pose a significant threat to otter populations in their current range in Denmark.
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ABSTRACT

Tissues (71 liver, 2 muscle) of 73 otters found dead in Denmark between 1980 and 1990 were
analyzed for organochlorine pesticide residues and PCBs. Geometric means of contaminant
concentrations were generally low, but some otters had PCB concentrations considered 1o be
of concern; a greater proportion of these came from isolated populations away from the main
population centre in Lim{jord. Animals dying of unknown causes had greater concentrations
of PCBs than those dying by drowning or in traffic accidents. Adults had significantly higher
concentrations of PCBs. Contaminant concentrations were strongly intercorrelated. Concen-
trations of DDE and PCBs declined significantly during the study period. A sample of otter
spraints (faeces) collected in 1990 had low mean concentrations of contaminants, It is con-
cluded that current coneentrations of organochlorine pesticide residues and PCBs are unlikely
to pose a threat to otter populations.

Key words: Luira hura; pesticides; PCBs, Denmark

INTRODUCTION

The otter (Lutra lutra), once a widespread species in Denmark, is now
largely restricted to the Limfjord area in the northern part of Jutland, with
isolated population fragments in the surrounding region (Madsen and
Nielsen, 1986). Toxic chemicals are likely to have been responsible for this
widespread decline, as they have been in losses of otter populations over
much of lowland Europe (Mason and Macdonald, 1986; Mason, 1989%a;
Foster-Turley et al., 1990). In Denmark, river regulation, wetland destruc-
tion, drowning in fish traps and traffic mortality are additional threats to the
remaining otter population (Madsen, 1990; 1991).

There have been no published analyses of the levels of organochlorine

0048-9697/93/506.00 © 1993 Elsevier Science Publishers B.V. All rights reserved
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pesticides and PCBs in Danish otters, though concentrations of heavy metals
in samples of hair from otters have been reported (Mason and Madsen,
1987). Such information is important in assessing both the current threat to
otters posed by organochlorines and the likelihood of population expansion
when concentrations decrease. We report here on the concentrations of
organochlorine pesticides and PCBs from a sample of Danish otters collected
between 1980 and 1990. Analyses of contaminants from a sample of spraints
collected in 1990 are also presented.

MATERIALS AND METHODS

A total of 73 carcases was received. The total length (nose to tail) and
weight of carcases were recorded on receipt. Animals were aged as juveniles
(less than about 5 months old) if tooth replacement was incomplete, as
subadults (5-18 months) if the epiphyseal closure of humerus and femur at
their proximal and distal ends was not finished, or as adults (older than
about 18 months). In males the length of the baculum was also used in ageing
(van Bree et al., 1966).

Contaminant analysis was carried out on the livers of 71 animals and the
muscle of two. Mason (1989b) has shown that the concentrations of
organochlorine contaminants in these otter tissues are equivalent. Tissues
were stored deep frozen (-20°C) prior to analysis. Tissue samples were thinly
sliced, weighed and homogenized in 10 ml acetone/hexane (35:10), the filtrate
being collected into a separatory funnel containing 25 ml phosphoric
acid/NaCl solution (11.7 g NaCl in 1 1 0.1 M orthophosphoric acid). The
sediment was resuspended in two further 10 ml aliquots of hexane/diethyl
ether (9:1) and decanted after 5 min. The separatory funnel was shaken and
the aqueous phase was decanted and re-extracted in hexane. The solvent
phase extracts were evaporated to dryness at 50°C in the air-flow of a fume
cupboard and the weight determined. The extract was re-dissolved in hexane
and cleaned up in a column of sodium sulphate and alumina, Organochlorine
concentrations were determined with a Varian 3300 gas chromatograph, with
a tritium electron capture detector and using a 25-m capillary column. The
column temperature was 280°C, the injector 300°C and the detector 310°C.
PCB concentrations were determined against an Aroclor 1260 standard.
Blanks were run every 20 samples and standards, with or without added lard,
every 4 to 9 samples. Recovery rates were always greater than 80% and the
detection level was 0.01 mg kg!

Samples of spraints were collected from 19 localities in the main area of
distribution of otters in October and November 1990. Spraints collected
from individual localities were combined to provide a sample, which was
wrapped in aluminium foil and stored deep frozen. Sample preparation and
analysis were as for tissues.
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Fig. 1. Map of Denmark showing localities from where otters were received (locality of one
specimen unknown). PCB concentrations in otter tissues: ®, <50 mgkg™; B, > 50 mg kg"

fat.

TABLE |

Causes of mortality of otters from Denmark

Age Percentage n
Drowned in Traffic Unknown
fish traps accident
Juvenile 30.8 15.4 53.8 13
Subadult 71.0 22.6 6.4 31
Adult 10.3 55.2 345 29
Overall 39.7 34.2 26.1 73
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RESULTS

Otter carcases were received from 73 localities in Denmark (Fig. 1) and
causes of death were determined (Table 1). More subadults than adults died
by drowning in fish traps, while more adults were victims of traffic accidents.
More than half of the small sample of juveniles died of unknown causes; dif-
ferences were significant (x* = 29.7, P < 0.001).

Statistical analysis of contaminant data was carried out on log (n + 1)
transformed data, Mean concentrations of contaminants did not differ
significantly for males and females (d-tests, P > 0.05); data for the two sexes
were therefore combined (Table 2). Of the organochlorine pesticides,
dieldrin, p,p-DDE and 0,p-DDT were ubiquitous, while lindane was detected
in 86% and o0,p-DDD in 67% of samples. Concentrations of pesticide residues
were, however, generally low. Dieldrin and o0,p-DDT concentrations were
above 10 mg kg™' fat in only one sample, while 7 samples had p,p-DDE
above 10 mgkg™ fat. By contrast total PCB concentrations were con-
siderably higher. Concentrations were greater than 50 mg kg™ in 14 (19%)
of samples, above 30 mg kg™ in 22 (30%) and above 10 mg kg™! in 51 (70%).

PCB concentrations were considered in relation to age of otter and cause
of death (Table 3). Analysis of variance revealed that PCB concentration dif-
fered significantly with age (F=5.10, P < 0.01) and cause of death
(F=9.46, P < 0.001). Comparisons between pairs were made using the
Tukey-Kramer method (Sokal and Rohlf, 1981). Adults had a significantly
greater mean PCB tissue concentration than subadults and PCB concentra-
tions in tissues of animals dying from unknown causes were significantly

TABLE 2

Concentrations (mgkg™' fat) of organochlorine pesticide residues and PCBs in a sample
(n=73) of otter tissues from Denmark

nd, below limit of detection.

Compound Geomelric meun Range
Lindane 0.81 nd=9.76
Dieldrin L.10 0.04-12.56
p.p-DDE 2.88 0.12=98.41
0,p-DDD 0.06 nd-0.80
0,p-DDT 0.56 nd-18.52

Total PCBs 16.76 0.47-275.78
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TABLE 3

PCB concentrations {(mg kg™ fat) in otter tissues in relation to age and cause of death

Mean Range n

Age

Juvenile 18.80 2.04-87.34 13
Subadult 9.94 0.47-79.40 3
Adult 24,30 1.66-275.80 29
Cause of death

Drowning 10.06 0.47-112.72 29
Traffic 13.73 1.66-106,56 25
Unknown 38.59 5.59-275.80 19

higher than in animals which died by drowning or collisions with traffic. No
further significant differences were found.

Linear regression was used to examine the relationship between tissue con-
centrations of contaminants and the year of death, No significant relation-
ships were found between year of death and the concentrations of lindane
and dieldrin. However, concentrations of DDE and total PCBs declined
significantly over the study period (b=-0.04, F=438, P < 0.05
b=-0.057, F=0.55, P < 0.05, respectively). Average annual declines over
the study period of 7% for PCBs and 6% for DDE were predicted from the
regression equation.

The inter-relationship between the main contaminants in otter tissues were
examined. Significant correlations were found between all contaminants
(Table 4). Lindane showed the weakest correlation with other contaminants.

TABLE 4

Inter-relationships (correlation coefficients) between contaminant concentrations in otter
tissues {n = 73)

Dieidrin DDE Lindane
PCB 0.56** 0.65** 0.20*
Dieldrin 0.59** 0.32**
DDE 0.27*

Significance levels: *< 0.05; **P < 0.01.
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TABLE 5

Concentrations (mgkg™' fat) of organochlorine pesticide residues and PCBs in a sample
{n = 19) of otter spraints from Denmark

nd, below limit of detection.

Compound Geometric mean range
Lindane nd

Dieldrin 0.16 0.01-0.47
p.p-DDE 0.52 0.02-2.67
o,p-DDD 0.11 nd-0.39
0,p-DDT 0.08 nd-0.60
Total PCB 2.23 0.36-45.95

The concentrations of contaminants in otter spraints were analyzed (Table
5). Apart from o,p-DDD, concentrations in spraints were lower than those
from tissues. Lindane was not detected in spraints. The ranking of major
contaminants in spraints was as for tissues i.e., PCB > DDE > dieldrin >
lindane.

DISCUSSION

Significantly more subadult (i.e. age 5—18 months) than adult otters were
drowned in fish traps, with juvenile mortality being intermediate, Inex-
perienced subadults may be more likely to explore fish traps, especially when
they become independent of their mother at around 1 year old. Experienced
adults may have learned to avoid fish traps. In contrast, more adults and
especially males were killed by traffic (Madsen, 1990). As they become
mature at 2 years of age, otters may become more mobile, both in patrolling
their extensive home range and in searching for mates.

Concentrations of organochlorine pesticide residues in tissues of the sam-
ple of Danish otters were generally low and mean concentrations were
similar to a sample from Ireland (Mason and O’'Sullivan, 1992), where otters
are thriving over much of the country (Foster-Turley et al., 1990). Mean con-
centrations of PCBs were also similar in samples from the two countries.

Much concern has been expressed over the role of PCBs in the decline of
the otter (for review, see Mason, 1989a). Experiments with the closely related
mink (Mustela vison) showed that, on a diet containing added PCBs, pup
mortality was severe when tissue concentrations of PCBs in their mother ex-
ceeded 50 mgkg™' fat (Jensen et al,, 1977). The steady decline of otter
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populations in western Europe is consistent with a failure in recruitment and
several endangered or recently extirpated populations of otters (e.g. southern
Sweden, The Netherlands, eastern England) had mean concentrations of
PCBs in tissues exceeding 50 mg kg~' fat (Mason, 1989a). The concentration
of 50 mg kg™ fat in tissues has therefore been taken as a yardstick against
which to assess the threat posed by PCBs to otter populations (Olsson et al.,
1981; Mason, 1989a; Olsson and Sandegren, 1991). De Vries (1989) has
pointed out that the geometric mean 30 mg kg™ fat may be a more realistic
critical value, for the arithmetic mean (50 mg kg') is influenced by a few
high values. Thirteen (18%) of Danish otters had tissue concentrations ex-
ceeding 50 mg kg™ and 21 (29%) had tissue PCB concentrations greater
than 30 mg kg™'. Thus, while the geometric mean was well below the critical
value, nevertheless a proportion of the population may be at risk from the
effects of PCBs. It should be noted that, in the current stronghold of the otter
in the immediate environs of the Limfjord, 7 of 54 otters (13%) had concen-
trations of PCBs in tissues greater than 50 mg kg™' fat, whereas of 19 otters
recovered away from Limfjord, where populations are scattered, 6 (32%) had
concentrations greater than 50 mg kg™' (Fig. 1).

Animals dying from unknown causes had significantly greater concentra-
tions of PCBs than those dying violently in fish traps or traffic accidents.
Kruuk and Conroy (1991), in a study on the Shetland Isles, also found that
animals dying non-violent deaths (equivalent to our category of unknown
causes) had higher concentrations of PCBs than those dying violently. Adult
otters from Denmark contained significantly greater concentrations of PCBs,
whereas Kruuk and Conroy (1991) found that PCB concentrations in otters
were not age-related.

Concentrations of pesticide residues and PCBs were all inter-correlated
(Table 4). The weakest correlations were found with lindane, which is less
persistent than other organochlorines, Kruuk and Conroy (1991) found cor-
relations between PCBs and DDE only, and such correlations are
widespread in marine mammals (Reijnders, 1980). In a sample of Irish otters
{(Mason and O’Sullivan, 1992), DDE, dieldrin and PCB concentrations were
highly inter-correlated.

The concentrations of contaminants in otter spraints collected in 1990
were low, with mean concentrations similar to or lower than those from
thriving otter populations in Wales (Macdonald and Mason, 1988 and un-
published data). Mason et al. (in press) have used a two-stage model, in part
based on that of de Vries (1990), to estimate tissue concentrations of PCBs
in otters from concentrations in spraints. From the geometric mean in
spraints (Table 5) a mean tissue concentration of 7.06 mgkg~ was
predicted. The measured mean tissue concentration of PCBs in otters col-
lected in 198990 (n = 19) was 7.99 mg kg~ fat. In view of the current low
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concentrations of contaminants in Danish otters, at least in their stronghold
in the Limfjord region, and the decline over time in concentrations of PCBs
and DDE, population expansion may be expected and indeed appears to be
occurring (Madsen et al., in press). Atiempts to reduce the significant mor-
tality (Madsen, 1989} due to fish traps and traffic should enhance the rate
of expansion (Madsen, 1990; 1991). It would, however, be prudent to analyze
fish tissues for contaminants in the likely areas of otter population expansion
in order to assess any likely problems that might be encountered.
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OTTER (LUTRA LUTRA) MORTALITY IN RELATION TO
TRAFFIC, AND EXPERIENCE WITH NEWLY ESTABLISHED
FAUNA PASSAGES AT EXISTING ROAD BRIDGES
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Denmark

1. Introduction

The otter (Lutra Iutra), once widespread in Den-
mark, is now largely restricted to the Limfjord
area in northern Jutland, with isolated popula-
tions in surrounding regions (Madsen & Niel-
sen, 1986; Madsen et al. 1992). Death by drow-
ning in fish traps and traffic mortality are seri-
ous threats to the remaining otter population in
Denmark and other European countries.

It seems impossible to estimate the actual num-
ber of otters killed on the roads. Otters are
strong, tenacious animals, capable of living
many days and travelling long distances with
mortal injuries; hence many carcasses may
never be found. Nevertheless, Lafontaine (1991)
suggested that 5% of the otter population in
France is killed by traffic every year. This pro-
portion is not insubstantial, and Green (1991)
and Stubbe (1993) state that road mortality is
probably the largest and fastest growing cause
of unnatural mortality.

Otter deaths in fish traps can be prevented by
the use of a stop grid at the net entrance (Mad-
sen, 1991). Many authors have dealt with the
number of otters killed on roads (Jensen, 1964;
Van Wijngaarden & Van de Peppel, 1970; Von
Miiffling, 1977; Stubbe, 1977, 1980; Hodl-Rohn,
1978; Heidemann, 1981; Wlodek, 1984; Braun
1986; Skarén & Kumpulainen, 1986; Van Moll &
Christoffels, 1989; Green 1991).

Few accounts of measures to prevent otters from
being traffic killed are reported (Madsen, 1989;
Anonymus, 1984; Green, 1991; Striese & Schrey-

er, 1993; Rogoschik et al. 1994). In France and
the Quter Hebrides of Scotland, otter under-
passes have been established (Lafontaine, 1991;
Twelves & Kinross, 1982) but experimental
investigations of these measures are needed.

In Denmark, local authorities have established
45 fauna passages since 1990 at existing road
bridges to prevent otters and other mammals
from being killed by traffic. After implementa-
tion, selected types of the fauna passages were
tested. The establishment of the fauna passages
was a result of the conservation priorities for
Denmark set out in the TUCN Conservation Plan
for Otters (Foster-Turley et al., 1990).

This article is an updated, revised and extended
version of a preliminary paper about otters and
traffic (Madsen, 1990). The article presents data
on traffic-killed otters, information about the
scene of the accidents and research into the
effects of newly established fauna passages for
otters at existing road bridges.

2. Material and methods

The study is based on material from the
following sources:

(1) 115 Danish otters killed by cars in 1980-1995
were necropsied and information about date of
death, sex and age were collected. 88 animals
were aged as juveniles (less than 5 months old)
if tooth replacement was incomplete; as sub-
adults (5-18 months) if the epiphyseal closure of
humerus and femur at their proximal and distal
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ends was not complete; or as adults (older than
18 months). In males, the length of the baculum
was also used in ageing (Van Bree et al., 1966).

(2) The scenes of accident were examined on the
basis of a 1:50.000 scale map, and information
on type of road and locality was recorded.
Death localities at bridges, culverts and dams
were visited, and further information was col-
lected about the dimensions of underpasses and
their surroundings.

Tunnel effect (TE) of the bridge/culvert was
calculated according to Reed & Ward (1987} as:

H x W (or open-end surface area

where H = distance from water surface to the
lower edge of bridge/culvert, W = width of the
bridge/culvert and L = length of the
bridge/culvert.

Data on the mean daily traffic in the years 1980-
1993 at the site of accident were taken from
reports by the Danish Ministry of Transport,
Directorate of Traffic (Vejdirektoratet, 1981-
1995). The proportion of different road types in
the four counties (Nordjylland, Viborg, Ring-
kebing and Arhus) with traffic killed otters ac-
cording to Statistisk Arbog (Statistical Year-
book) (1995).

(3) Ten newly established fauna passages of six
different types were monitored in the period
1990-1993:

Type 1.
Granite boulder under the bridge sloping
downwards into the water.

Type 2.
Floating pontoon bridge made from wood with
a core of polystyrene mounted to the road
bridge.

Type 3.
Bunch of timber spruce (fascine) and big granite
boulders placed in the corner of the road bridge.

Type 4.

Fencing (1 m high and 12 m in length) in a sluice
formation on both sides of the road bridge to

54

steer the otters travelling and banks of concrete
(25 cm wide) under the bridge.

Type 5.

Culvert (40 cm wide) placed next to an existing
water culvert (2.5 m wide) and fencing (0.5 m
high and 75 m in length) in a sluice formation
on both sides of the road along the crash fence.

Type 6.

Fencing (1 m high and 12 m in length) in a sluice
formation on both sides of the road bridge to
guide the otters travelling.

The investigation was primarily based on search
and determination of spraints and footprints in
the fauna passages and on adjoining banks. At
each site, a distance of 300 m as a maximum was
searched on each side of the bridge. Tracking by
footprints was only possible in a few cases.

The effect (%) of the different fauna passages
was calculated as:

MF
- x 100
MB

where MF = no of monitorings with spraints
found on the fauna passage, MB = no of moni-
torings with spraints found on the banks on
both sides of the bridge/culvert.

Infrared video monitoring, at selected bridges,
was used to test the effectiveness of the moni-
toring based on tracks. The system consisted of
a photosensitive video camera (BISCHKE/
CCD-502 with Zoom Optic 12,5 - 75 X magni-
fication), 2 infrared lamps (Dennard 300 Watt),
motion detector (Panasonic WJ-250/G), video
recorder (Panasonic Time Lapse Recorder AG-
6024), pan/tilt head (Widemech 600, 220 VAC)
and a black/white monitor (IKIGAMI 9).

The video camera and the infrared lamps were
placed 60-70 m from the fauna passage, con-
nected by a 90 m cable to a car, housing the
video recorder, motion detector and monitor.
The zoom and the pan/tilt function was opera-
ted from the car. A generator in a closed trailer
situated 250 m from the fauna passage was used
when stable 220 VAC was not available.
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Fig. 1. Monthly distribution of 115 otters killed by
traffic in 1980-1995.

3. Results

3.1 Monthly distribution

During 1980-1995, 115 traffic killed otters were
brought in and the proportion of road killings
has increased from 40% in 1980 to 52% in 1994.

Otters were killed throughout the entire year
(fig. 1). No significant differences were found in
numbers between the winter months October-
March and the summer months April-Septem-
ber (x2=0.08, d.f.=1, N.5.}, the same pattern was
found between the proportion of males to
females in these periods (3?=2.99, d.f.=1, N.5.).

Table 1. Sex and age distribution of 88 otters killed by
traffic.

Age/sex Males Females Total
Juveniles 4 1 5 (5.7%)
Subadulis 17 11 23 (31.8%)
Adults 30 21 51 (58.0%)
Unknown 3 1 4 {4.5%)
Total 51 (61.4%) 34 (38.6%) 88 (100%)

3.2 Sex and age

A total of 51 (58.0%}) of the traffic killed in-
dividuals were adults, 28 (31.8%) subadults
and only 5 were juveniles (table 1).

A significant number of males (61.4%) was traf-
fic killed (x2=4.55, d.f.=1, P<0.05), adult males in
particular; this maybe due to males’ greater
activity than females in the home-range. A
significant difference was found in age dis-
tribution between the two sexes (x?=11.85,
d.f.=3, P<0.01).

3.3 Type of localities

A total of 28 otters (24.3%) were killed at
bridges/culverts and four of these otters were
kilied at sites where underpasses were establis-
hed. At dams between two wetlands with no
possibility of moving underneath the dam 27
otters (23.5%) were killed (fig. 2). No difference
in number was found between otters killed at
rectangular bridges and at culverts.

26 otters (22.6%) were killed at sites less than
100 m from wetlands. Twelve of these sites were
classified as blackspots; i.e. two to four otters
were killed at exactly the same place.

In a distance more than 100 m from wetlands 32
(27.8%) of the otters were found killed. A careful
examination of the accident site on maps for the
15 individuals found more than 500 m from
wetlands reveals positions of small brooks and
contours in the landscape. It is remarkable how
these sites of accidents are situated along the
shortest distance between two wetlands (bogs,

Bridges/culverta

at dams

<100 m from wetlands

>100 m from wetlands

>500 m from wrtlunds

Unknown

Fig. 2. Distribution of road kill sites of 115 otters.
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Fig. 3. Tunnel effect (TE) related to distance between
water surface and roadway at bridges/culverts
where 28 otters were traffic killed.

lakes, rivers or streams); the contour lines show
gullies leading towards the road and to be conti-
nued on the other side.

In cases where accident sites are situated above
bridges or culverts, the otter may pass in the
water under the road. In fig. 3, the relationship
between the distance from the water surface to
the roadway and the tunnel effect (TE) at each
bridge/culvert is illustrated. Most otters (75%)
were killed at sites with a TE lower than 1.5 and
a distance of less than 3 m from the water
surface to the roadway. Irrespective of including
or excluding the site with a TE of 6.09, no
correlation is observed between tunnel effect
and distance from water surface to the roadway
(r2 = 0.01/0.05, respectively).

3.4 Type of roads

A total of 72 otters (62,6%) were killed on
primary roads and secondary roads wider than
6 m (fig. 4). A significant difference was found
between the proportion of traffic killed otters

EE=] 0w
tighuays  f .
Primary oty [ s
Sccondary oeds > Sm
Secondary roeds <6m P —— 4
Unknown =2
B e e o S I o TN "3
10 20 30 40 50 68 D RO %

Fig. 4. Distribution of four types of roads where 115
otters were killed by traffic. Road type is based on
an administrative classification.
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and the proportion of road types at accident
sites (x?=256.38, Df=2, P=0.0). Using Bonferroni
Confidence Intervals (Neu et al. (1974) for the
proportion of individuals killed in each road
type, a preference is found for highway/
primary road and secondary road > 6 m . The
mean daily traffic at 75 of the accident sites was
found to be 2840, 4632 and 10600 for secondary
roads > 6 m, primary roads and highways,
respectively. In general, the velocity follows the
same pattern with an allowed maximum speed
at highways in Denmark on 110 km/h. Data on
the proportion of heavy lorries and fast moving
cars implicated in the collision was not
available.

3.5 Test of fauna passages

The fauna passages and the surroundings were
monitored for tracks between 4 and 11 times
depending on the time of establishment (table
2.). Furthermore, four of the fauna passages
were video monitored between 2 and 10 nights
amounting to a total of 209 hours with 22 cases
of otter crossings.

The otters used all the examined fauna passages
to a varying degree. Seven fauna passages come
into use not later than four weeks after the
establishment. The fauna passages at Morup
Melle (1) and Storé (4) seem to be very effective.
The low use of the fauna passage at Tega (3)
may be due to the reduced need for the otter to
use the fauna passage as the bridge is wide and

high (TE = 3.0).

In one case, an otter was recorded by video
monitoring on the roadway at Stremmen (10).
The fencing in a sluice formation here seems to
be too short to guide the otter safely under the
road culverts, but it seems impossible to
construct it in any other way. Video monitoring
at Flynderse (2) indicates that otters may visit a
fauna passage under a road bridge without
sprainting at all. The results based on tracks
therefore only give a minimum number of cros-
sings under the bridge.

At Lyngholm (6), the distance from the water
surface to the fauna passage at low water level,
has been at least 30 cm. This does not prevent



Table 2. Locality, type and time of establishment of the fauna passages, the number of monitorings and the effect

of the fauna passage.

Locality Type of fauna passage Established Number monitored Effect of fauna
month/year {video nights) passages in %

1. Morup Molle granite boulder 04-1990 10 100

2. Flynderso granite boulder 05-1991 8 63

3. Tegd ponteon of tree 06-1990 11 10

4. Stord pontoon of tree 10-1991 & 100

5. Huvidbjerg A pontoon of tree 10-1991 6 83

6. Lyngholm timber fascine 04-1990 11 70

7, Skals A fence/concrete 09-1990 10 40

8. Visby A culvert (40 cm) 04-1992 4 50

9. Stubber A fence 10-1991 7 71

10. Strommen fence 10-1991 7 29

the otter from sprainting on the fauna passage,
indicating that a passing otter is attracted by the
dry place under the bridge in spite of the level.

Maintenance of the different fauna passages and
floating water weeds were insignificant.
Otherwise, the maintenance of fencing after
passing humans was a recurrent problem.

In addition to otters, stoats (Mustela erminea),
minks (M. vison) and water voles (Arvicola ferre-
stris) were registered using all the different
types of fauna passages. Furthermore, Stone
martens (Martes foina) and a feral cat (Felis catus)
were recorded using the dry culvert at Visby A

(8).

4. Discussion

More than half of the traffic-killed otters were
adults in agreement with results obtained from
Holland by Van Moll & Christoffels (1989).
Following Jensen (1964) estimations based on
the weight and length of the baculum indicate
that it is predominantly sexually mature males
that were killed in the traffic and it is probably
a result of difference in home-range compared
with females. The sex ratio (1.6:1) in our study is
comparable with data from Germany (Rogo-
schik et al., 1994).

The results of the video monitoring disprove the
theory that otters prefer to cross a bridge above
a stream by the road, instead of swimming as
stated by Reuther (1980 p. 126).

The data concerning road type at road kill sites
are applicable with results obtained by Rogo-
schik et al. (1994). Otherwise, the accident sites’
distance from a water source is quite different;
e.g. 70.4% of the Danish otters compared to
40.5% of the German otters are killed less than
100 m from a water source.

Based on the Danish results, establishment of
effective fauna passages at bridges/culverts and
fencing along the roads in a distance up to 100
m from a water source and similarly at dams
may at a maximum reduce the number of traffic
killed individuals by 70.4%. Without fencing,
establishment of fauna passages at bridges/-
culverts and dams may only reduce the traffic
killings by 47.8%.

Twelve sites were unfortunately classified as
black spots or multiple road kill sites in agree-
ment with Mason & Macdonald (1986) and
Rogoschik et al. (1994). The main part of mul-
tiple road kill sites are located near water
sources indicating that bridges/culverts could
be a profitable starting point for preventive
measures.

From Great Britain, Jefferies (1988) describes a
few examples of "short cuts” over watersheds
into adjacent river systems especially from
radio-tracked individuals. The present study
conclude that "ecological corridors", in relation
to otters extend between water catchments only;
15 examples of "short cuts” show how otters at
some rivers are not isolated from their neigh-
bours by large areas of land. In this study only
few otters were killed at the same site in a
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distance of more than 500 m from wetlands.
Even though the otter seems to prefer to move
along water courses in the lower parts of a
valley, a hilly terrain does not present a hin-
drance to movement. In such cases, the animals
may have followed traditional routes from one
catchment area to another.

For extremely solitary animals as otters, living
apart from each other in different water catch-
ments, "short cuts” may be important means of
exchanging genetic material.

Based on direct observations, Madsen (1990) re-
port that the otter is unable to estimate the
speed and risk of passing cars, and experienced
otters may not have learned to avoid traffic as
they seem to have learned to avoid fish traps
(Madsen, 1991). Likewise, the necropsy of the
carcass and investigation of the skeleton from a
great number of the traffic killed otters (Madsen
et al., in prep.} indicates that the collision be-
tween car and the otter has caused immediate
death. This result also conforms to the pre-
ference for otter killings at Highways/Primary
roads and Secondary roads > 6 m with a high
vehicle speed and traffic density.

Striese & Schreyer (1993) report that otters mark
on a bank under a bridge with a slope of 45°,
and Madsen (1993, 1990) mentions that otters
are attracted by dry bankets beside streams. The
present study confirms this, although the
bankets are vertical.

Different measures have been suggested and
used to reduce road mortality for otters. Road
signs warning motorists have been used on the
Shetlands and on Orkney, but they seem to have
little effect (Green, 1991). Maintenance of game-
mirrors placed at bridges to warn otters of
passing cars are considerable (Madsen, 1990)
compared to the more effective fauna passages.

Based on experiences in the present study, esta-
blishment of fencing also emphasizes the ne-
cessity of maintenance, This is not discussed in
the advising part of Rogoschik et al. (1994).
Furthermore, it should be remembered that a
fence may force the otter on to the road instead
of leading the animal under the bridge.

Otters crossing roadways may be avoided, pri-
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marily by luring them under roadsystems on
stones, banks or through tunnels and in extreme
cases by forcing them away from the road by
means of fences.

5. Conclusions

Based on the great variety in types of accident
sites for otters, it is impossible to eliminate all
traffic killings, and no general solution can be
offered suiting all traffic killing sites.

Provision of appropriately sited fauna passages
is an effective means of reducing otter traffic
killing at a limited expense. It is possible to
make existing road bridges attractive for otters
and reduce the number of traffic killed individu-
als.

At accident sites and other sites with otters in-
tersecting a flowing water way (e.g. ducts under
a road), the following two types of fauna pas-
sages are recommended:

1. Fauna passages made of granite boulder give
the best visual impression and may be pre-
ferred at sites where the difference between
high and low water level is minimal, the stream
is shallow and the ground solid (fig. 5a).

2. Fauna passages made of a floating pontoon
bridges of hard-wood, 30 - 35 cm wide, 10 cm
high and with the length of the bridge, with a
core of polystyrene may be preferred at sites
where the difference between high and low
water level is extreme, the stream is deep and
the ground soft (fig. 5b).

At accident sites which do not intersect with a
flowing water way, or as an additional measure
to fauna passages, it is possible to implement
guiding mechanisms as fencing. But in many
sites, it is practically and technically impossible
to establish a safe leading fence. The mainte-
nance of the fence is a considerable problem and
the visual impression rarely harmonizes with
the surroundings. Fencing is only recommended
in extreme cases.

To ensure that fauna passages for otters
are established at the right sites, it is advised
to be necessary to contact the person who deli-
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vered the carcasses to verify information on the
precise death locality.

Traffic mortality is a major cause of unnatural
death for European otters. Roads are barriers to
otters, and the expansion of road building may
present a serious threat to a highly dispersed
and sparse population of otters. This threat may
be reduced by the use of properly sited fauna
passages at a relative small expense.
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SUMMARY

Like other wild animals, many European otters
are killed in the road traffic. This paper pre-
sents an evaluation of the following sources:
data from 115 otters killed by cars in 1980-1995,
examination of the scenes of accident and tests
of ten fauna passages established at existing
road bridges.

No significant differences were found in traffic
killings between the winter months October-
March and the summer months April-Septem-
ber. Adult sexually mature males are most fre-
quently killed by traffic, probably as a result of
their greater activity in the home-range com-
pared to the females. Nearly half of the otters
were killed at bridges/culverts or dams. It is
concluded that the most dangerous kind of road
for an otter is highway/primary road and sec-
ondary road > 6 m with a relatively high vehicle
speed and traffic density, and preventive
measures must therefore be started here.

Many otters are killed at sites up to several kilo-
metres from wetlands, probably taking "short
cuts" between watersheds. “Short cuts” may be
a way in which genetic material can be ex-
changed between distinct solitary living ani-
mals as otters. Provision of appropriately sited
fauna passages is an effective means of reducing
the number of traffic killed otters. Two types of
fauna passages are recommended for being
useful to make existing road bridges attractive
for otters at a relatively small expense.
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Summary

During 1979-1993 194 dead Danish otters (Lutra
lutra) were received. Of these, 145 were necrop-
sied and the cause of death, sex, age and body
condition determined.

Traffic mortality (45.4%) and drowning (32.5%)
constituted the major cause of death.

Shot gun lead pellets were detected in 5% of the
otters.

Inclusion bodies indicating distemper virus in-
fection were found for the first time in a free
living otter population.

Angistrongvlus vasorum larvae were found in
the lungs of free living otters for the first time.
No ectoparasites were found.

Infectious agents were detected in 22.1 % of the
otters although only few otters appeared to have
died from infections.

The age distribution was not significantly diffe-
rent between the two sexes.

Body condition for otters which died violently

in Denmark was comparable to findings in
Shetland, where thriving populations exist.

The results showed a considerable decrease in
number of otters found drowned in fish traps
coinciding with the introduction of stop grids in
fish traps in 1986.

The results suggest that the existing otter pop-
ulation in Denmark is healthy and in good con-
dition but it can not be excluded that the large
number of otters killed by traffic threatens the
continued expansion of the species.

Introduction

The Euroasian otter (Lutra lutra), is a highly
endangered mammal in Denmark as well as in
much of Europe (Macdonald & Mason 1994). In
1991 a national survey (Madsen and others
1992) concluded that the geographical dis-
tribution of the otter in Denmark was largely
restricted to the middle and northern part of
Jutland (vide Figure 1.).

It has been claimed that contaminants such as
the organochlorine pesticide dieldrin, polychlo-
rinated biphenyls, and mercury have been re-
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sponsible for the rapid decline in otter popu-
lations in Europe (Macdonald & Mason 1994).
Decreasing otter population in Denmark was
thought mainly to be due to river regulation,
wetland destruction, drowning in fish traps, and
intensified traffic (Madsen 1991).

Otter carcasses have been collected annually in
several European countries. In Germany eg.
more than 50 otters were found dead each year,
but only a small number of these were necrop-
sied (Zogall & Reuther 1992). Likewise only 24
of 113 dead otters collected in Shetland were
necropsied (Kruuk & Conroy 1991).

In this paper necropsy results of carcasses sub-
mitted from a population of free living otters are
evaluated to assess current threats to otters.

Materials and methods

Dead otters were received from hunters, motor-
ists, anglers, forestmen etc. The otters were
usually followed by written information about
circumstantial evidence like killed on a road,
died in a fish trap etc. Carcasses were frozen
immediately upon arrival and stored at -18° C
until necropsy was performed.

Necrops

After thawing the length (nose to tail) and
weight was recorded. The animals were pelted
followed by a routine necropsy procedure, in-
cluding a search of the subcutis for lead pellets.
Otters were aged as juveniles (less than about 5
months old) if tooth replacement was in-
complete, as subadults (5-18 months} if the
epiphyseal closure of humerus and femur at
their proximal and distal ends was not complete
or as adults (clder than about 18 months). In
males the length of the os penis was also used in
ageing (van Bree and others 1966). The craniums
were cleaned from muscles etc. and the upper
and lower jaw was inspected by a dentist.

Laboratory tests

Lungs and gut contents were examined for pa-
rasites, eggs and larvae from parasites using
McMaster and modified Baerman techniques
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(Henriksen 1965, Henriksen & Korsholm 1984).
Scrapings of epithelial lining from thrachea,
lungs, and urinary bladder from otters necrop-
sied later than 1988 were examined for viral
inclusion bodies using 53-staining and a routine
immunohistochemical method to detect dis-
temper virus. Bacteriological examinations
(Aerobic cultures on blood agar), were perform-

ed on material from the digestive tract, lungs
and kidneys.

The body condition (K) of otters was calculated
using the equation K=W/(a x L") where
W=weight (kg) and L=total length (m) ac-
cording to Le Cren (1951). The constants were
those calculated by Kruuk and others (1987) viz.
a=5.02 for females, 5.87 for males; n=2.33 for
females, 2.39 for males.

Results

194 otters were received of which 145 were ne-
cropsied. 52 otters were X-rayed. For some of
the animals complete data were not received.
Therefore, the number of individuals in the
various examinations is inconsistent (Table 1).

The geographical origins and densities of the
otters are given in Figure 1. The vast majority
came from the Limfjord area. One individual
found in 1979 came from the island of Funen.
Half of the otters were found in or close to
marine habitats. The annual number of
carcasses received varied from two in 1979 to 31
in 1993 (Figure 2). Major causes of death were
identified as traffic mortality (88=45.4 %) and
drowning (63=32.5 %).

Table 1. Salient data and the number of animals
included.

Type of data presented Number of animals

Total received 194
Origin stated 193
Sex determined 192
Age determined 178
Length and weight determined 158
Necropsied 145
X - rayed 52




Table 2. Sex and age distribution of dead otters,

Figure 1. Geographical distribution of dead otters
(N=193).

No significant difference was found in age dis-
tribution between the two sexes, (}*>=0.43, d.f.=2,
N.S.) (Table 2). Considerably more males (113)
than females (79) were received during the
survey. The weight and length of adult males
were significantly larger than for adult females
(t=9.60, df=65, P < 0.001, weight; t=20.35, df=67,
P < 0.001, length). The condition index (K) of the
otters had an overall mean value of 1.12,
animals that died violently (traffic accidents and
fish traps) had a value of 1.16 (Table 3).

1]
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84 85 86 87 88 g9
Year

90 91 92 93

Figure 2. Annual number of dead otters and cause of
death (N=194).

Females Males Unknown Total
Juvenile 8 12 = 20 (10.3%)
Subadult 30 48 - 78 (40.2%)
Adult 34 44 2 80 (41.2%)
Unknown 7 9 - 16 (B.3%)
Total 79 (40.7%) 113 (58.2%) 2{1.0%) 194 (100%)

The results of necropsy and the corresponding
pathological findings are detailed in Table 4. No
ectoparasites were found. Signs of endo-
parasites were found in only 5 individuals viz.
two with one egg of Ascaridae per gram in the
intestinal tract, one with one egg of Stron-
gylidae per gram in the intestinal tract and one
with Angiostrongylus vasorum larvae in the
lungs. Two tapeworm Cestedae eggs per gram
were found in the intestinal tract of one in-
dividual.

Inclusion bodies were found in 6 individuals,
three females and three males of different age.
These otters were all collected in the Limfjord
area. The six otters were not believed to have
suffered from clinical distemper.

Due to often severe decomposition bacteri-
ological examination could only be applied to
eight otters. Pneumonia due to bacterial
infection was found in 5 individuals four fe-
males and one male of which two were juve-
niles. One abandoned juvenile died from
bacterial peritonitis two weeks after taken into
captivity. Local infection with Streptococcus sp.
was recorded in one animal.

Table 3. Weight and length of adult otters and cal-
culated condition indices (K).

X s.d range n
Weight (kg)
Male 9.07 1.35 5.45-11.40 37
Female 6.02 117 3.36-7.60 30
Length (cm})
Male 112.9 5.06 90.0-130.0 36
Female 103.0 317 95.5-110.0 33
Condition index (K)
Non-violent 0.94 0.18 30
Vialent 1.16 0.16 124
Sum 112 0.18 154
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Table 4. Numbers and types of pathological findings
recorded at necropsy of dead otters (N=145).

Pathological findings Number of animals

Parodontal disease 11 {7.6%)

Endoparasites (3.4%)

- Ascaridae

- Strongylidae

- Angiostrongylus vasorum
- Cestedae

Vital infections (4.1%)

- distemper virus

Bacterial diseases (4.8%)

- pneumonia

- Streptococeus sp.
Kidneystone (2.1%)
(1.4%)
(1.4%)
(1.4%)
(1.4%})
0.7%)
{0.7%)
{0.7%)
Total 43 (297%)

5

2

1

1

1

6

6

7

5

- peritonitis 1
1

3
Gallstone/enlarged gail bladder 2
Hepatitis 2
Hypertrophied suprarenal gland 2
Tumour in spleen/enlarged spleen 2
Tumour in the small intestine 1
Umbilical hernia 1
1

Blindness

Kidney stones consisting of ammonium urate
were found in three adults, two males and one
female, and two otters had a gall bladder
enlarged by gall-stones. Two otters showed
hypertrophy of the suprarenal glands. A small
intestinal tumour possibly a leiomyoma (severe
decomposition) and a minor umbilical hernia
was seen in two otters, respectively. The eyes of
one adult, male otter were completely opaque,
probably causing total blindness.

Lead pellets were found in 9 otters (5%) in
numbers from one to five pellets except for one
individual carrying 14 pellets. The lead pellets
were generally found in the pelt or subcutane-
ously and none were found in or close to vital
organs. Parodontal disease was detected in 11
otters indicating a relatively high proportion of
diseased animals.

Discussion

Based on condition (K) of violently dead otters
there was no significant difference between
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otters from Denmark (Table 3) and from
Shetland (Kruuk & Conroy 1991, K=1.08 + 0.15
S.D., n=49), (t=2.99, d.f.=171, N.S.) where
thriving populations exist. The results agree
with condition indices estimated by the authors
from Danish data collected by Jensen (1964)
(K=1.13 £ 0.16 5.D., n=81).

The increase in the annual numbers of sub-
mitted otters during the survey period (Figure
2) might indicate an expanding population of
otters (Madsen and others 1992) but a greater
public awareness of otters can not be excluded
as the underlying cause of the increasing
number of submissions.

The present results show that males achieve a
larger overall size than females. Mason &
Macdonald (1986} classified animals weighing
more than 4 kg as adults. In our study adults
were classified as individuals with fully
developed growth. One female with pneumonia
but no emaciation weighed as little as 3.36 kg
confirming that the weigth and length alone
may not be used as an indicator of age.

No ectoparasites and only small numbers of
endoparasites were found. This indicates that in
the present situation the otter is not parasitized
very often, probably due to their solitary living
and the relative scarcity of the species.
However, decaying before collecting the dead
otters combined with freezing might have
disintegrated some parasites and larvae.

Except for the larvae of Angiostrongylus
vasorum all other endoparasites recorded have
been described earlier to occur in otters (Jefferies
and others 1990, Schierhorn and others 1991,
Weber 1991). Otters forage on frogs which
might act not only as paratenic but also as
intermediate hosts for A. vasorum (Bolt and
others 1993, 1995). None of the parasites
recorded were considered to have influenced
the health status of Danish otters.

Distemper virus in captive Eurasian otters was
described by Geisel (1979) and Steinhagen &
Nebel (1985). Qur study is the first to record
distemper virus in a free living population of
otters. The fact that the infected otters were
collected from the Limfjord area in a period
when distemper virus was present both in the



common seal Phoca vitulina (Blixenkrone-
Moller and others 1989) and in major outbreaks
of distemper in farmed mink in this area
indicates a wide range of host species for dis-
temper virus. Negative findings in the remain-
ing material may indicate a low propagatory
rate of the virus in the population, but may also
relate to the solitary life of otters and hence a
low contact between animals.

Two cases of hepatitis probably causing severe
health problems were seen. Pneumonic changes
were found in five of 145 necropsied free living
Danish otters. This corresponds to the findings
of Kruuk & Conroy (1991) who found one case
among 24 necropsied otters. Pneumonia has not
hitherto been recorded in captive animals
(Rogoschik & Brandes 1991). One individual
was recorded as blind in our study. Williams
(1989) also reported blind otters from Britain
during the period 1957-80.

Based on our study we would argue that only
the two animals with hepatitis, and the five
animals with pneumonia were likely to have
died because of the diseases detected. In ad-
dition, one animal with peritonitis definitely
died from this disease.

Since 1967, the Danish otters have been pro-
tected by law. During the period 1967-1982, fish
farmers could be granted a special permission to
kill otters at fish ponds but this exemption was
terminated in 1982. However, this study shows
that totally protected animals are still shot at. To
the less experienced hunter an otter may be
mistaken for a free living mink of which more
than 3.500 are shot annually in Denmark (Asferg
1996).

The level of PCB in otters from Denmark
(Mason and Madsen 1993) is at the same level as
found in 1988 among young common seals in
the Limfjord area (Storr-Hansen and Spliid 1993)
and much lower than the 50 mg/kg which
causes reproductive failure among mink in
laboratory studies and which is assumed to be
a critical level for otters as well (Keymer and
others 1988, Smit and others 1994).

It is seen (Figure 2) that the number of otters
dying in fish traps has decreased. It is believed
that this is the successful effect of a 1986

compulsory use of stop grids in fish traps for
fishermen (Madsen and Soegaard 1994). It
should be noted that traffic mortality constitutes
45% of the total mortality (males as well as
females, young as well as adults) indicating the
need for preventive measures where roads are
crossing rivers in Denmark.

In conclusion, our results suggest that the pop-
ulation of otters seems healthy and in good
reproductive condition, although traffic mor-
tality may constitute a threat to the spread of the
population.
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Abstract

Eurasian otters Lutra lutra are difficult to ob-
serve directly in their natural habitat. Reliable
methods for assessing distribution and abun-
dance are of considerable importance, because
of the tenuous status of the species. The stan-
dard procedure of surveying otter distribution
is compared and evaluated against the pro-
portion of otter carcasses and the number of
reported observations.

The number of otter carcasses from different
regions is positively correlated with the pro-
portion of positive sites and the mean number
of otter signs per positive site recorded during
otter surveys from the same areas, suggesting
that sprainting intensity is a good indicator of
relative population strength.

Otherwise, the reappearance of the otter on the
island of Sjzelland, after 10 years of absence, is in
contrast to the result of the national surveys and
the geographical distribution of otter carcasses.
Findings in this study therefore stress the need
for care in the interpretation of spraint surveys
as a means of detecting isolated pockets of otters
with very low densities.

It is of crucial importance that spraint surveys
are carried out in the months when sprainting
activity is highest and the herbaceous vegetation
low to ensure that as many sites as possible with
otters are detected. Surveying must also be

carried out in areas with no evidence of otters
for some years.

Introduction

Furasian otters Lutra lutra are difficult to ob-
serve directly in their natural habitat. Reliable
methods for assessing distribution and abun-
dance are therefore of considerable importance,
because of the tenuous status of the species.
Monitoring results are of particular interest to
conservationists working in low density otter
areas maximizing the management policies.

Many authors have discussed the use of spraint
surveys as a method of assessing distribution,
density and habitat utilisation of otters (e.g.
Jefferies 1986, Kruuk et al. 1986, Conroy &
French 1987, Kruuk & Conroy 1987, Mason &
Macdonald 1987 and O'Sullivan 1993). At pres-
ent, authors agree that surveys using the stand-
ard methodology give a reliable picture of otter
distribution whereas disagreement is still going
with use of surveys as a measure of otter den-
sity and habitat utilisation.

With only a few hundred otters left, the World
Wide Fund for Nature and Danish Animal Wel-
fare Society carried out surveys in Denmark in
1984-86 and 1991. After a nationwide otter pro-
tection campaign, a central collection of otter
carcasses and otter observations from the whole
country was established. The reappearance of
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the otter on the island of Sjeelland after 10 years
of absence inspired the authors to examine and
compare the information from different sources.

This article compares and evaluates survey re-
sults with the number of otter carcasses and
reported observations.

Materials and methods

The study is primarily based on information co-
ordinated (national surveys) and collected (otter
carcasses and reported observations) from the
whole country, exclusively by the first author as
follows:

1. National surveys

National surveys were carried out in 1984-86
(1,154 sites, Madsen & Nielsen 1986) and 1991
(767 sites, Madsen et al. 1992). The technique
used was the standard method used in otter
surveys in Europe as given by Anon (1984). At
each survey site a maximum of 600 m bank was
searched for signs of otters. Only spraints
(faeces) or clear footprints were accepted as evi-
dence of otter presence.

2. Otter carcasses

In Denmark, privates are not allowed to store
otters without permission from the National
Forest and Nature Agency. Therefore game
consultants and taxidermists collect the dead
otters and forward the carcasses to a central
collecting site, the Natural History Museum,
Arhus. Information on date of death and geo-
graphic origin for each otter was given. A total
of 194 otter carcasses were received during
1979-1993 (Madsen ef al. VII).

3. Reported observations

Direct observations of otters were reported (tele-
phone, letters) by individual persons. Based on
information on size and colour, some obser-
vations were sorted out as mink (Mustela vison).
In total, 467 observations of otters were reported
during 1984-1994.

4. Surveys in the county of Vestsjelland

In December 1994, one spraint was collected by
a biologist from the northern inflow to Lake
Tisse and in January and February 1995, both
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spraints and footprints were found at the same
site (Leth & Byrnak 1996). All spraints were
confirmed by the authors. During the period 2
to 25 March 1995, a systematic survey was
carried out. 106 sites were visited in the county
of Vestsjelland and the border areas to the
county of Storstrom by very experienced
surveyors {Jensen & Jensen 1995).

Results

National surveys

National surveys in 1984-86 and 1991 showed
the geographic distribution of the otter in Den-
mark to be largely restricted to the counties of
Nordjylland, Viborg, Ringkebing and Arhus
(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<0.03).
(Table 1).

Figure 1. Map of Denmark showing the counties and
the distribution of the Otter (Lutra lutra) according to
Madsen & Nielsen (1986) and Madsen et al. (1992)



Table 1. The number of otter carcasses received dur-
ing 1979-1993 (Madsen ¢t al. VII) compared with the
proportion of positive sites, mean number of otter
signs per positive site (200 m stretch} in the national
otter survey 1991 (Madsen et al. 1992) and number of
reported otter observations during 1984-1994 (Mad-
sen unpubl. data).

county otter % positive  mean reported
carcasses sites number observations

Nordjylland 14 278 4.57 52
Viborg 127 75.0 843 99
Ringkobing 33 265 6.45 58
Arhus 16 17.8 383 81
Ribe 1 0 22
Vejle 1 0 36
Sonderjylland 0 35
Fyn 1 0 25
Vestsjeelland - 0 - 20
Frederiksborg - 0 17
Kebenhavn 1] - 4
Roskilde - 0 3
Storstrom 0 15
Unknown 1 - -

Total 192 467

Otter carcasses

The majority (65.5%) of otter carcasses came
from the county of Viborg, fewer from the coun-
ty of Nordjylland, Ringkebing and Arhus (Table
1). One individual originated from the island of
Fyn in 1979, one from the county of Ribe in 1982
and one from the county of Vejle in 1986.

Game consultants and taxidermists are dis-
tributed evenly across the country, and the
readiness of people to collect dead otters and
forward the individuals is estimated to be the
same in the different regions of the country.
Based on this, the number of otter carcasses is
likely to be a reasonable indicator of population
size of otters in the counties of Denmark.

The number of otter carcasses from the different
counties is positively correlated to the propor-
tion of positive sites recorded during the 1991
otter survey (r=0.98, t=6.93, P<0.01). According
to the positive correlation betweeen positive
sites and mean number, the number of otter
carcasses was also positively correlated with the
mean number of otter signs per positive site in
1991 in the counties of Nordjylland, Viborg,
Ringkebing and Arhus (r=0.83, t=3.17, P<0,05).

Reported observations

The reported observations were given from all
counties; but a relatively larger number came
from the counties of Nordjylland, Viborg,
Ringkobing and Arhus. A high human popu-
lation density could give a high number of
observations. Unfortunately, the number of
reported observations showed no correlation
with population density in the same areas (r=
-0.412, t=-1,498, n.s.).

The number of reported otter observations was
positively correlated with the number of otter
carcasses from the same areas (r=0.78 t=4.20,
P<0.01).

Surveys in the county of Vestsjzlland
During the national survey in 1984-86, 98 sites
were visited in April 1986 in the county of Vest-
sjeelland (Fig. 2) without any positive result.
Four sites around Lake Tisse were revisited in
February 1989 also without any positive result.
During the national survey in 1991, 37 sites with
reported otter observations were surveyed in
March again without any positive result. In
total, 35 sites were visited in both surveys.

Even though high water levels impeded the
standard procedure at many localities in the

Figure 2. Surveyed sites in the county of Vestsjel-
land, Denmark 1986 {Madsen & Nielsen 1986} and
1991 (Madsen ¢t al. 1992) and positive sites found in
1995 (Jensen & Jensen 1995}.
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spring survey in 1995 in the county of Vest-
sjeelland, 3 (3%) sites were found positive. The
positive sites were found in two different catch-
ments, Halleby A - Lake Tisso and Bregninge A
- Saltbaekvig, indicating that more than one otter
was living in the area. Both catchments were
connected to the coast. One of the positive sites
was the same as found in December 1994.

Discussion

Qur results confirm a good relationship between
the national surveys carried out in 1984-86 and
1991 and the geographic distribution of otter
carcasses. Spraint surveys of otters in the
western part of Germany agree with the Danish
survey results, as the nearest positive sites are
found 60 km south of the border (Heidemann &
Riecken 1988) and nearly 175 km from the
nearest positive site in Denmark.

Beside this, the number of otter carcasses is
positively correlated with the proportion of
positive sites, the mean number of otter signs
per positive site and the number of reported
otter observations, suggesting that sprainting
intensity is a good indicator of relative pop-
ulation strength. In Scotland, Green (1991)
found correspondingly that the number of road
casualties in an administrative region correlated
with the proportion of positive sites in the most
recent national survey. According to Green
(pers. comm.), dead animals are an important
sign of an expanding population. The results are
in contrast to Kruuk & Conroy (1987), based
primarily on studies on marine otters at the
Shetland Islands, who state that the number of
spraints not equal k x the number of otters.

Comparing the survey results and the distri-
bution of otter carcasses with reported observa-
tions given by individual persons, the geo-
graphical divergence is extreme and subsequent
surveying could not confirm the observations.
Similar results are seen between otter observa-
tions from private persons and valid records of
otters based on surveys in Germany (Heide-
mann & Riecken 1988).

Based on the data of otters killed and on the
official game bag record, Jensen (1964) found
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evidence of otters in the county of Vestsjalland
(Amosen, Skarrese og Saltbakvig) in 1960 and
Schimmer (1981) estimated in 1980, on the basis
of questionnaires, that only few individuals

Xere found in Saltbakvig, Amosen and Halleby

Apparently, otters survived in these areas for
more than 10 years without any evidence during
two surveys and in a period with large number
of dead otters from other parts of Denmark
being sent in. The death date for the last dead
otter received from Sjelland was October 1967
(Hans Baagee, Zoological Museum, Copenha-
gen, pers. comm.).

Otters escaped from captivity and reintroduc-
tion to the county of Vestsjelland is impossible.
Only one institution placed in the county of
Arhus has a licence to keep Lutra lutra and
nobody has permission from the National Forest
and Nature Agency to reintroduce otters. The
southern distribution of the otter in Sweden is
limited to an area east and north of the Lakes
Vianern and Vittern (Sandegren et al. 1989).
Positive evidence of otters on Fyn goes back to
a dead otter delivered in 1979 and one spraint
found on the central part of Fyn in 1985 (Chris-
tian Engelstoft Nielsen, pers. comm.). Likewise,
it seems to be impossible for otters from these
areas to reach the county of Vestsjaelland.

Only one of the catchments surveyed in 1991
holding otters today indicated that some in-
dividuals could have been present there without
being noticed by the observer. Kruuk ef al.
(1986) suggested that otters with low densities
may not deposit spraints at typical sites, but the
authors provided no evidence.

Mason & Macdonald (1989) point out that 96%
positive sites on a 1000 m stretch were found
within the first 600 m. Spraints from otters in
negative localities in the county of Vestsjelland
may have been found on stretches beyond the
600 m which were not visited in our surveys or
in other national surveys. According to
O'Sullivan (1993), an extention of the survey
length will only increase the percentage of
positive sites recorded by a small fraction, and
a similar increase in survey intensity within 10
km square grids will only have a minimal effect
on an overall otter distribution survey result.



Isolated pockets of otters with low density can
be difficult to detect. Their presence may be
confirmed in subsequent surveys as reported by
Macdonald & Mason (1988). However, it is not
possible to select areas where to repeat a survey;
all negative sites must be revisited. Based on our
reported observations e.g. no areas seem to be
more conspicious to survey for otters for
detecting isolated pockets than others.

Conroy & French (1989) state that the counting
of spraints at their lowest numbers (in the
troughs) is more likely to give the best relative
index of the long term breeding population.
This can be used in areas with well established
otter populations. But to ensure that the survey
also gives a good picture of otter distribution in
areas with fragmented, low density populations,
as in the main part of Europe, it is of crucial
importance that counting takes place in the
months when spraint intensity is highest. In
Sweden and Britain, the period between Qctober
and April is mentioned (Erlinge 1968, Mason &
Macdonald 1986). In Shetland too, most spraints
were found in late winter/early spring, fewest
in mid/late summer (Conroy & French 1989). In
Denmark the month March-May is preferred
(Madsen, Gaardmand & Mikkelsen unpubl.
report).

Conclusions

On the basis of our studies and experiences we
conclude:

* Sprainting intensity is a good indicator of
relative population strength, but otters may
be present even when no spraints are found.

* QOtter surveys must also be carried out in
areas without any evidence of otters for some
years. In areas with assumed isolated popula-
tions, surveys have to be carried out more
frequently.

* It is of crucial importance that spraint
surveys are made in the months when
sprainting activity is highest and the herba-
ceous vegetation low to ensure that as many
sites as possible with otters are detected.
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Abstract

The purpose of the present study was to exam-
ine the relative influence of different habitat
quality factors on otters and to develop a pre-
dictive model to provide insight into the dis-
tribution of the otter in Denmark.

During the National Otter Survey in 1991 data
was collected on 19 variables which represent
elements of habitat structure, composition, orga-
nic pollution and human disturbance.

Multiple logistic regression analysis was used to
estimate probabilities of the presence of otters as
a function of one or more explanatory variables.

Seven variables (county, pH, depth, trees, bot-
tom, Saprobie- Index and reeds) were identified.
All of them are directly or indirectly related to
productivity and fish biomass in the water
catchments.

Human disturbance did not have a significant
influence on the presence of otters in the sur-
veyed area. However, it is noted that there is a
requirement for the protection of quiet and se-
cure places to enable the otter to rear cubs in se-
clusion all year round.

Although variables used in the model may be
suitable for identifying otter habitats, potential
users should critically evaluate the reasonable-
ness of each variable, in relation to their local
environment.

The use of the otter as an indicator for the
quality of water and habitat, as recommended
by some authors, should be undertaken with
care.

Introduction

The otter (Lutra Iutra) has, over the past three
decades, declined rapidly throughout much of
the Western Palearctic (Macdonald & Mason
1994). Today the animal is rare or extirpated in
many European countries, and in Denmark the
otter is one of the most endangered mammal
species.

It has been claimed that contaminants such as
the organochlorine pesticide dieldrin, polych-
lorinated biphenyls and mercury have been
responsible for the rapid decline in otter popu-
lations in Europe (Macdonald & Mason 1994).
However, Madsen & Mason (1987) and Mason
& Madsen (1992, 1993) suggested that current
concentrations of organochlorine pesticide resi-
dues, PCB and heavy metals as Cd, Hg, and Pb
were unlikely to pose a significant threat to the
remaining Danish otter population.

Several other factors are thought to have con-
tributed towards the decline in otter abundance
(cf. Macdonald & Mason 1994). These include
increased human disturbances, habitat destruc-
tion caused by drainage schemes, increasing
water pollution, drowning in fish traps and
traffic accidents.
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The demand for conservation measures for otter
populations is very urgent. Today it is com-
pulsory to use stop grids in fish traps in
Denmark to protect the otter (Madsen 1991,
Madsen & Segaard 1994) and fauna passages
have been established to prevent otters from
traffic killings (Madsen VI). In addition to this,
it is essential to determine which factors may be
limiting the present population of otters and
consolidation of their habitats.

Some authors have dealt with evaluating habitat
and environmental factors for the presence of
the otter in freshwater areas (Adrian et al. 1985,
Mason 1989, Mason & Macdonald 1989, Lunnon
& Reynolds 1991, Durbin 1993, Prenda &
Granado-Lorencio 1996). Dubuc et al. (1990)
identified four composite habitat variables
predicting the occurence of river otters Lutra
canadensis. No unambiguous conclusion exist
and the minimum habitat requirements of the
species are still not fully understood.

The purpose of the present study was to exam-
ine the relative influence of different habitat
quality factors on otters and to develop a pre-
dictive model to provide insight into the dis-
tribution of the otter in Denmark.

Materials and methods

Collection of habitat quality factors

A National otter survey was conducted in 1991
(Madsen et al. 1992) according to the standard
method used in otter surveys in Europe (Anon.
1984). The geographic distribution of the otter in
Denmark was largely restricted to the counties
of Nordjylland (NJ), Viborg (VI), Ringkebing
(RK) and Arhus (AR).

In all, 766 sites were visited by three surveyors
in the period March - May, without snow and a
low herbaceous vegetation, to ensure that as
many sites as possible with otters were detected
(Madsen VIII). Efforts were made to standardize
the work of the three surveyors and each were
issued with a manual of definitions, instructions
and standard recording forms.

At each survey site a maximum of 600 m of
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bank was searched for signs of otters. Only
spraints (faeces) or clear footprints were accep-
ted as evidence of otters. In the surveyed
stretch, data on 19 variables to represent ele-
ment of habitat structure and composition were
collected (Table 1). The parameters chosen are
primarily related to the terms water, cover and
human disturbance, which are considered to be
the essentiel habitat requirements for the
presence/absence of otters.

Data on organic pollution (Saprobie-Index) were
collected from the local water authorities (e.g.
Nordjyllands Amt 1989, Vejle Amt 1993). The
Saprobie-Index, developed for freshwater by
Kolkowitz & Marsson (1902, 1909), is based on
the number and biological diversity of water
insects.

Statistical analyses

Multiple logistic regression analyses using the
SAS/STAT package (SAS Institute Inc. 1990)
was used to estimate probabilities of otters
(presence of spraints) as a function of one or
more independent variables. Variables, if not
significant on a 0.3 level in a stepwise selection
and if not significant on a 0.2 level in a back-
ward selection were dropped subsequently from
a model including all variables to be tested.

This procedure ensures that variables entered
into the model is suggested in relation to the
variables excluded from the model. Those varia-
bles that were selected by the stepwise proce-
dures were ultimately used in model devel-
opment.

The linear logistic model has the form
logit(p) = log(p/(1-p)) = & + B'x

where « is the intercept parameter, and 8 is the
vector of slope parameters.

To test for differences in the selected significant
variables between counties with otters (N], VI,
RK, AR) and counties without, Mann-Whiimey
U-test and 2 test were used for the non-para-
metric dataset. Yates' correction is used in the 2
by 2 contingency tables.



Table 1. Nineteen independent variables included in the stepwise multiple logistic regression analysis of the
presence/absence of otters.

Variable Variable description

COUNTY NJ, VI, RK, AR, RI, VE, 5], FY, V5, RO, KO, FR, 5T
Site character.

WIDTH < 1m, 1-2m, 2-5m, 5-10m, 10-20m or = 20m
DEPTH < 0.5m, 0.5-lm or > 1m

STREAM no cureent, slow, moderate, high or fresh
BOTTOM solid ground, soft ground or varied ground
Bankside vegelation:

TREES presence/absence of trees

SHRUBS presence/absence of shrubs

REEDS presence/ absence of reeds (Phragmites communis)
Adjacent areas;

FOREST presence, absence of forest

FIELDS presence;/absence of agricultural field

GRASS presence/absence of grass

UNUTILIZ presence/absence of unutilized areas

Sprainting possibilitics:
MARK

bad, reasonable or pood

Potential human disturbance:

HOUSES presence/ absence of houses in a distance < 200m

BOATING presence/absence of boats in water or on the bank

ANGLING presence, absence of anglers or signs for angling

FISHTRAP presence/ absence of fish traps in waler or on the bank

Acidification:

PH a sample of 100 mL water was collected in a sterile container and measured imidiately on locality by
PHep - Electronic Indicator (accuracy +/- pH 0.2)

Organic potlution:

SAPRO Saprobie-Index given as I (unpoltuted), I-11, Il (weak pollution), 1I-I1L, II (strongly polluted), ITI-1V and
IV {extraordinary strongly poliuted}.

Results presence can be calculated using parameter

The analysis was carried out in two steps. In the
first step the effects of the geographical bias in
the distribution of otters in Denmark were
examined. Out of 766 observations, 370 were
deleted due to missing values for explanatory
variables. In all, 396 observations were included
in the first step. Not surprisingly, there was a
significant association of otter presence with the
counties of NJ, VI, RK and AR (x?>=64.64,
P<0.0001).

In the second step, 267 observations from these
counties were included. Seven of 19 variables
(COUNTY, PH, DEPTH, TREES, BOTTOM, SA-
PRO and REEDS) were significant on a 0.3 level
(stepwise) and 0.2 level (backward), respec-
tively and could enter into the model (Table 2).

The estimated logit of the probability of otter

estimates as:

logit{p) = « + 8'%
=12.13 - 1.12*COUNTY - 1.23*PH -
0.48*DEPTH + 1.05*TREES -
0.43*BOTTOM + 0.82*SAPRO -
0.60*REEDS

In Denmark, an otter habitat typically consists
of a water area with a depth > 1 m, a varied bot-
tom, pH > 7.0, Saprobie Index on II-III to III,
presence of reeds and without trees. These
variables indicate water areas with a rather high
productivity. It should be noted that reeds entry
into the model was due to the use of the 0.3 and
0.2 level cut off, but the presence of reeds was
not significant (P<0.05).

Human disturbance (estimated as the presence

of angling, boating, fish traps and houses) and
the utilization of the adjacent areas (estimated as

79

=g



Table 2. Results of the stepwise multiple logistic regression analysis relating otter (presence of spraints) to habitat
variables. The Score Chi-Square for the null model represents the variation if no independent variables are
included in the model. Parameter estimates for the variables and the constant term are computed in a model
including all significant factors. N.S. = the variable is not significant on the 0.3 level.

Variable Score Chi-Square Pr > Chi-Square Parameter Estimate
Null mode 93.6370 o - _
INTERCPT - - 121344
COUNTY 52,3484 0.0001 -1.1211
PH 16.6712 0.0001 -1.2325
DEPTH 10.9707 0.0009 04756
TREES 10.2699 0.0014 10509
BOTTOM 40143 0.0451 -0.4332
SAPRO 3.9108 0.0480 0.8169
REEDS 1.7573 0.1850 -0.6027
BOATING 0,7370 N.S. -
HOUSES 0.0145 N.S. .
WIDTH 0.0818 NS. -
SHRUBS 0.0993 N.S. -
FIELDS 0.6579 N.S. -
GRASS 0.0085 N.S. -
ANGLING 0.0301 N.S. 8
MARK 04211 N.5. -
FISHTRAP 01055 NS. =
FOREST 0.0019 N.S. s
STREAM 0.0297 NS. -
UNUTILIZ 0.6356 N.5. =
* = N.S, Goodness of Fit (Likehood Ratio) ¥3=218.51, D.F.=224, P=0.59

the presence of forest, agricultural field, grass or Discussion

unutilized areas) do not have a significant influ-
ence on the presence of otters.

The mean pH was significantly smaller in the
counties with otters than in counties without
otters (Z=5.83, d.f.=1, P<0.0001).

The mean depth of water areas was significantly
larger in the counties with otters (Z=2.04, d.£.=1,
P=0.04) and the Saprobie-Index was signifi-
cantly larger in the counties with otters (Z=2.10,
d.f.=1, P=0.04}.

A significantly smaller number of trees on the
bankside was found in counties with otters
(x2=71.46, d.f.=1, P<0.001).

A significantly larger number of sites with
varied bottom was found in the counties with
otters (x2=47.08, d.f.=2, P<0.001), but no signifi-
cant difference was found in the number of sites
with the presence of reeds between counties
with and without otters (x2=0.11, d.f.=1, N.5.).
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The use of spraints as a method to assess habitat
utilisation of otters have been discussed pre-
viously by Jefferies (1986), Kruuk et al. (1986),
Conroy & French (1987), Kruuk & Conroy (1987)
and Mason & Macdonald (1987a). In the present
study, spraints are used as an indicator of otter
presence in the surveyed siretch, and not as a
preference for special kinds of trees, as used by
Macdonald & Mason (1983a) and opposed by
Kruuk et al. (1986). This decision is based on the
fact that the different habitat quality factors
were features of the whole surveyed stretch and
that the dependent variable was otter presence
in the stretch not preferences exhibited within a
stretch.

Productivity and fish biomass
The model did not include data on fish density

and availability of prey, but the identified seven
composite habitat variables predicting the oc-



curence of otters in Denmark, are all directly or
indirectly related to productivity typically for
the lower parts of a water catchment. These
water areas in general, also contain the largest
fish density and biomass per unit of water area
of the whole water catchment (Erik Mortensen,
National Environmental Research Institute,
pers. comm.). In Danish saltwater areas, the ot-
ter prefers eelpout and eel, whereas the fresh-
water diet is primarily eel, cyprinids, percids
and frogs (Hansen & Jacobsen 1992). These fish
species are dominating in the lower parts of a
water catchment. Otherwise, the upper reaches
of a water catchment are not ignored by otters;
Madsen (VI) describe examples of "short cuts"
over water catchments through small upper
streams. Based on data on fish availability,
Prenda & Granado-Lorencio (1996) also find
that fish biomass in Spain was greater down-
stream.

Kruuk et al. (1993) demonstrated, that the use of
streams by otters was closely correlated with
their width, otters spent more time per length of
river the wider it was. However, in terms of util-
ization of area of water the picture was dif-
ferent: otters spent considerably more time per
area of water in narrow streams than in the
wider ones, in an inverse linear relationship,
and this could be explained by differences in
fish biomass per unit of water area.

Olsson & Sandegren (1991) argue that, in
Sweden, eutrophic waters are proving essential
to otter survival because inputs of pollutants are
more greatly diluted in the increased biomass
than they are in oligotrophic waters. Even if
eutrophication could be beneficial to otters,
severe organic pollution can kill the fish
communities in rivers, so depriving otters of a
food supply. Gross pollution and a coincident
absence of otters, has been described from Italy,
Algeria, coastal Israel (Macdonald & Mason
1983b, Macdonald et al. 1985, 1986), France
(Bouchardy 1986) and Bulgaria (Spiridonov &
Spassov 1989) and is probably widespread.

Habitat structure and composition
Higher levels of otter activity (as assessed by

numbers of signs) have been found on rivers
with well vegetated banks compared with bare,

"improved” banks in Wales (Jenkins 1982, Ma-
son & Macdonald 1986), Scotland (Jenkins &
Burrows 1980, Bas et al. 1984) and Ireland {Lun-
non & Reynolds 1991). In Spain the presence of
otters appears correlated positively with bank-
side coverture and natural vegetation in the
surroundings and negatively with pollution,
level of disturbance, changes on the riverbank
and cultivation (Adrian et al. 1985).

Prauser (1985) working on the River Wiimme in
Germany found, by cluster analysis of habitat
variables, that otter activity was correlated with
bankside habitat and the presence of boggy and
marshy areas by the river. Green et al. (1984)
while radio-tracking animals in Scotland found
many resting sites above ground associated
with Salix scrub, Rhododendron and Polygonum
cuspidatum.

The present study is widely in contrast to these
authors, as otters in Denmark are found on
strectches with a significantly smaller number of
trees and at that the presence of bushes and
human disturbances do not have a significant
influence on the presence of otters. These results
agree to a great extent with Durbin (1993), who
analyzed in detail, also by radio-tracking, the
relationship between otter use of streams, bank
vegetation and stream characteristics, in the
river Don and tributaries, Scotland, in areas of
mixed agriculture and woodlands. Durbin
concluded, that the distribution of trees along
banks did not affect habitat use by otters. The
only preference noted was for fishing on
sections with riffles and boulder substrates. This
preference may be related to the fact that the
Scottish streams studied were inhabited mostly
by salmonid fish in contrast to the preferred
parts of Danish water catchments, dominated
primarily by eel, cyprinids and percids.

Mason & Macdonald (1987b, 1989) suggest that
acidification, resulting in the reduction or
elimination of fish populations, also reduce the
carrying capacity for the otter. This result is in
accordance with the present study with highly
significant correlations between otter presence
and increasing pH. Mason & Macdonald (1989)
state that such reduced otter populations then
being potentially more vulnerable to other
environmental stresses.
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Human disturbance

In Denmark and other European countries a
negative relationship is found between the per-
centage of positive otter sites and human
population density (Mason & Macdonald 1986
p. 82). To date, only Jefferies (1987) have re-
viewed the otters direct reaction to human dis-
turbance. Jefferies concluded, that generally, the
otter is indeed very shy in that it takes great care
to remain unobserved by humans and the
females appear to be less tolerant of disturbance
than the males. Females with cubs are not
tolerant of disturbance at all.

However, the present study suggests, that the
presence of human disturbance did not have a
significant influence on the presence of otters on
the surveyed stretch. An explanation for this
condition could be a difference in circadian
rhytm, in general otters are nocturnal and
humans are diurnal.

Angling and canoeing is the most important
recreational activity occuring along Danish
water catchments, as measured by the number
of people using that habitat. With the conclusion
of Jefferies (1987) in mind, it is extremely
important that sufficient quiet and secure places
are required to be protected to enable the otter
to rear cubs in seclusion through the whole
year. Water catchments containing lakes, moors
and fiord areas are preferred. Many of these
areas are away from main rivers and so over-
grown as to be unlikely to be used recreationally
by e.g. anglers.

Although seven variables, indicating habitat
structure and composition, used in the model
may be suitable for identifying otter habitats,
potential users should critically evaluate the
reasonableness of each variable, in relation to
their local environment. Of course a huge
number of e.g. anglers or boats on a river stretch
and simultaneously intensive removing of ri-
parian vegetation will affect the otters in a
negative direction.

The effects of human disturbance vary in in-
verse relation to the level of security offered by
the habitat. With readily accessible safe shelter
otters will tolerate significant levels of
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disturbance and can be found living in urban
areas (Macdonald & Mason 1994).

Indicator of habitat quality

Wolters (1994) and Lunnon & Reynolds (1991)
argue, that the otter is at the peak of the food
pyramid of wetland ecosystems and its presence
may be taken as a good indicator of water and
habitat quality. The present study and results on
total-PCB found in otters from Spain and the
Shetland Islands (Smit et al. 1994) state that
using the otter as an indicator for the quality of
water and habitat should be undertaken with
care. The conclusion of Lunnon & Reynolds
(1991) could be a misdefinition of pollution
types, apparently estimated in the field, and a
confusion between industrial and organic poliu-
tion.

In spite of the significant differences in variables
selected by the stepwise logistic regression
between counties with otters and counties with-
out otters, it should not be assumed that the
expansion of the otter distribution, to these
areas, has been precluded. On the other hand
the carrying capacity of the otter population in
these areas will be unlikely to reach the levels
found in the middle and northwestern part of
Jutland, Denmark.
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