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Editoria l

Evolution is not restricted to the carbon-based

creaturen that inhabit this world . The preferences

of people evolve, the way we publish our results

evolves . Once in a white we discover that the

way we did things for years, work no longer.

The lay out of Lutra is one of these things . The

way information currently comes to us, is very

different from when the previous design for Lu-

tra was made . There is more of it and [here is

more variety in it . This development han

changed the way we use and absorb the informa-
tion that comes to us in printed form . We `read'

differently . This is the reason that the 'look' of

Lutra han changed .

Apart from this new look two other changes

are worth mentioning . From now on Lutra pub-

lishes only in English and Dutch, and English is

preferred over Dutch . This was already our poli-

cy, but this preference is now more integrated in

the design and lay out of the journal . Another

change is that Lutra now distinguishes between

full articles and short notes . White full articles

describe the methods, results and conclusions

of comprehensive mamma] research, short noten

may consist of remarkable observations, simpte

surveys, methodological aspects or other brief

communications . Lutra allo publishes bonk

A new look!

reviews and overviews of recent literature on

a regular basis . In the future other categories

may be added . These may include anounce -

ments, letters and opinions . The instructions

for authors are now available from the inter-

net site of the publisher, the ` Vereniging voor

Zoogdierkunde en Zoogdierbescherming' (VZZ) :

http ://www . vzz . nl .

The editorial board han also changed recently .

After having served Lutra for several years,
Monique Bestman and Sim Broekhuizen re-

signed . The editorial board thanks [hem for their

valuable contributions over the past years . At the

same time we are happy to introduce two new

members : Liesbeth Bakker and Ben Verboom .

The contents of this issue of Lutra is varied . It

contains articles on the disease and injury in wild

hedgehogs brought to a wildlife hospital, the

shift in sex ratio of red foxes jus[ before and af-

ter birth, how simpte measures can benefit mam-

mals in agricultural areas, and the remarkable

observation of a beaver in Luxembourg . Finally

we bring you up to date with recent publications

through literature overviews from Belgium and

The Netherlands, and two book reviews . We

hope you wilt enjoy this issue of Lutra .
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The incidence of disease and injury in displaced
wild hedgehogs (Erinaceus europaeus)

Toni Bunn e n

Facult y of Heal t h, Un i versity of H ull, Cott i ngham R oad, Kingston-upon- H ul l, HU6 7RX, U K ,

e-ma i l : T. Bu nne ll @h u ll .ac .u k

Abstract : The main reasons for the delivery of 168 wild hedgehogs to an anima) home in York, England , veere

investigated between 1998 and 2000 . A ll the animals veere subsequently treated at the author's hedgehog sanctu -

ary . Of these 61 % veere nestlings, 25% juveniles, and 14% adults . Nestling s s howed a significantly male-biased

sex ratio (m :f = 1 . 5 : 1) , while juveniles and adults did not . However, [here was significant bias (1 . 4 : I) for all age

categorie s combined . The degree of bias did not differ between the age categori es , suggesting equal mo rt ality in

the two sexes . For all individual s combined, the most common ailments veere malnutri tion (27 °)0 of the animals)

and dehydration (15%), white ticks (Lzodes hexagonus) (14 %) , nematoden (Crenosoma striatum) (1 1%), ring-

worm (4% ) and sarcoptic mange (6% ) also occurred regularly . Road accidents and other injuries each affected

4 % . Nestlings s uffered primarily from nest disturbance , bite wounds trom domestic animal s, prolonged absence

of the mother, and accidental entrapment . The overall s urvival rate was 94 % and 84%, 48 hours and 20 days af-

ter admission respectively . Most nestlings (74%), juveniles (55 % ) and adult s (58 % ) s u rv ived and veere released

back to the wild . Anthropogenic factors appear to contribute substantially to the incidente of inju ry and misfor-

tune in all age group s and emphasise the need for meas ures directed at maintaining hedgehog populations .

Key words: anima) welfare , Erinaceus europaeus, conservation, habitat fragmen ta tion, hedgehog , mammal s ,

rehabilitation, wildlife re n cue, diseas e, parasites .

Introduction

Recent population estimates (The Mamma) So-

ciety 1999) of the British hedgehog (Erinaceus

europaeus) indicate that the hedgehog is on the

decline in England, Scotland and Wales . As the

species han so far managed to survive for mil-

lions of years, early forens of the spiny hedgehog

being distinct 26-38 minion years ago (Reeve

1994), signs of its demise are worrying in the ex-

treme .

The hedgehog is susceptible to a range of dis-

eases and can sustain various injuries in subur-

ban areas . It is also host to many intestinal para-

sites (Boag & Fowler 1968, Smith 1968, Majeed

et al . 1989, Keymer et al . 1991) . Although it is

commonly reported that the most common cause

of death of the hedgehog in Britain is road traffic

casualties (Stocker 1987), hedgehogs can also
die from many other causes (Smith 1968, Stock-

0 2001 Vereniging voor Zoogdierkunde en Zoog-

dierbescherming . Lutra ab stracta on the internet :
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er 1987, Keymer et al . 1991, Reeve 1994, Sykes

& Durrant 1995, Reeve & Huijser 1999, Robin-

son & Routh 1999) .

The removal of hedgerows and smal) wood-

land fragments in agricultural areas han caused

hedgehog populations to decline locally or re-

gionally (Huijser 1999), white the mere presente

of humans, with their garden ponds and strim-

mers, adds to the death tolt each year (Reeve &

Huijser 1999) . However, there are many benefits

to be gained by hedgehogs living in close prox-

imity to humans, such as supplementary food,

and shelter in rara) and suburban outbuildings .

Huijser (1999) considers that traffic mortality is

unlikely to be the primary cause of a decline in

hedgehog numbers, bat that the way humans

manage the landscape han far greater effects on

the survival probability of hedgehog populations .

This study was conducted in order to shed fur-

ther light on the reasons for population decline in

the British hedgehog and, in so doing, to hope-

fully help reverse this trend . Specifically, data

veere collected to determine the number o f
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hedgehogs that veere heavily burdened with par-

asites, suffered myiasis, leg breaks, eye infec-

tions, hypothermia and other ailments, and veere
hit by cars . The study seeks to determine the im-

pact of these ailments and injuries en the sur-

vival rates of hedgehogs presented initially at an

animal home in York, England, then taken to the

author's sanctuary, over a three year period . The

animal home was run under the supervision of

the Royal Society for the Prevention of Cruelty

to Animals (RSPCA) .

The study also attempts to establish whether

seasonal variation exists in terms of different age

categories arriving for treatment ; whether the

sex ratio differs significantly from a 1 :1 null hy-

pothesis for each category of nestlings, juveniles

and adults and for all groups pooled ; whether the

relative survival of males and females is signifi-

cantly different across the age classes, and across

all categories pooled, and whether there are sig-

nificant differences in survival (witti the sexes

combined) for the three age groups .

Material and methods

Sources of dat a

For the past five years a rehabilitation pro -

gramme for hedgehogs has been run at a sanctu -

ary in York, solely by the author . The greater

majori ty of the hedgehogs (90 % , n=168 , 1998-

2000) presented at York RSPCA veere taken to

the sanctuary for the purpose of rehabilitation

and eventual return of the survivors back to the

wild . Records kept during the study period en -

abled a detailed analysis of the types of ailments

and injuries that afflict displaced animals . Dis-
placed, in this instance, refers to any hedge-

hog found in an exposed position in daylight
hours , such behaviour often bringing it to the at-
tention of the public . Witti rare exceptions, when

a juvenile might appear intermittently during
daylight hours due to scarcity of food in the

vicinity , it is extremely rare for hedgehogs to be

spotled out and about between the hours of dawn
and dusk . Increased public awareness has led to

a greater number of hedgehogs being taken to the

RSPCA .

Coding of ailment s and injuries

As the aim of this study was to examine the rea-

sons why hedgehogs had been found out in the

open (displaced), and in Weed of treatment, their

detailed assessment on arrival was crucial . Al]
animals veere weighed on arrival and assessed

for signs of injury or ailment using the following

categories : 1 . Ringworm - Flaking or crusting of

the skin, witti some spine loss, accompanied by

microscopie examination of skin scrapings, al-

lowed determination of this disease (Bunnell

2000) . 2 . Snrcoptic inange - Often accompany-

ing ringworm, this disease presents as tiny white

flakes or dust visible amongst the spines (Sykes

& Durrant 1995) . The flakes are produced by the

Sarcoptes mite (Sarcoptes spp .) burrowing be-

neath the epidermis of the skin . Mites are occa-

sionally visible witti the naked eye, and certainly

by examination of skin scrapings using a light

microscope (Reeve 1994) . As mite infestation

predisposes the hedgehog to a secondary bacte-

rial infection, mange is often accompanied by an

unpleasant smell . 3. Demodectic mange - As

witti sarcoptic mange, this type is allo caused by

a mite, in this case Demodei erinacei, which

Jives in the follicles of the hair or spines, result-

ing in hair and spine locs . Heavy infestation can
lead to massive spine loss and baldness . 4 . Punc-
ture K,owids - These are not always visible on

initial examination as they can be obscured by
the spines . Their presence often becomes evident

when the resulting bacterial infection causes an

abscess to form which [tien bursts . The presence

of pus then reveals the puncture points . 5. Ab-

scerses - These are usually present in animals

that have received wounds by being attacked by

a dog (or, less commonly, a cat). 6. Ticks (Ixodes

hexagonus) - These external parasites are com-

monly present in animals that have been ill for

some time and suggest a poorer prognosis . In

very sick animals their removal is dealt witti by

the application of a safe oil (Bunnell 2001a) . 7.
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L-01~1_1
A n orp h aned nestling bei n g fed a milk subs t itut e using a syringe . Photograph : Toni Bunnell .

Crenosoma striatum - This nematode is a type of

lung worm . 8. Capilluria spp . - This nematode is

also a lung worm . 9. Hymeno(epis erinacei - This

is a tape worm specific to the hedgehog and is
generally detected by the presence of white seg-

ments in the faeces . Microscopie examination of

faecal smears may reveal the presence of seg-

ments and eggs . 10. Isospora spp . - This internal

parasite is a protozoan, infection with which is

usually subclinical (Robinson & Routh 1999) .

However, heavy infestation can result in distinct

changes to the faeces (Sykes & Durrant 1995)

which appear green, watery or jelly-like, and

blood-stained . Clinical signs also include weiglit

toss . 1 1 . Escherichia coli - This bacterium pro-

duces a watery brown diarrhoea which responds

rapidly to antibiotic treatment, confirming the

initial diagnosis . 12 . Malnutrition - A pointed

rear end and prominent ribs veere two symptoms

used to signify malnutrition . 13 . Dehydration -

When the skin was loose, witli a noticeable flap

where the spines meet the under fur, or when an

anima) moved in a wobbly, uncoordinated fash-

ion, it was considered to be dehydrated . 14. Hy-

pothennia - Any anima) whose abdomen feit

cold to the touch, that is less than 36 .9 °C, was

considered to be hypothermic . It was provided

with an optional heat source from which it could

easily remove itself. Animals incapable of move-

ment veere placed close to the heat source, but

not actually on it, to avoid the possibility of over-

heating . 15. Breathing diculties - These take

the foren of wheezing, rapid breathing, nasal dis-

charge and often coughing . 16 . M

'

viasis - Also

known as fly strike, myiasis is detectable by the

presence of tiny white dumps of blowfly eggs .

These are often hidden deep witkin the fur and

require great patience to identity and remove all

of them . 17. Hit by car - Indications that a hedge-

hog lias been hit by a car are scuffed heets (in-

curred when the animal is dragged or propelled

along the ground), and braken spines . In addi-

tion, an animal can also sustain braken limbs and

internat injuries which require immediate atten-

tion . 18. Miscellaneous injuries - These include

hedgehogs becoming covered in engine oil etc .

19. Eve infection - This is indicated by the pres-

ence of discharge from the eye or eye socket, as

an eye infection can often cause the eye to burst

witli the toss of the eye .

Bunnell / Lutra 2001 44 (1) : 3-14 5
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The pre sence of helminth s , nematoden and
protozoans in the gastrointestinal trad was deter-
mined by microscopic examination of simple

faecal smear samples . In addition, overburden-
ing by the above parasites and specific bacteria

producer characteristic changes in the gros

morphology and texture of the faeces (Sykes &

Durrant 1995, Bunnell 2001b) . Detection of

large numbers (accepting that this is a relative

term and subject to a margin of error) of specific
parasites , accompanied by characteristic changes

in gross morphology and texture of the faeces,

resulted in administration of the relevant med-
ication . Re - examination of faecal smears, within

24 - 48 hours of the hedgehog receiving medica-

tion , showed a fall in number of the relevant par-

asite(s) , a subsequent retu rn to normai gros

morphology and texture of the faece s, and the re-

tu rn of normai eating habits .

Age and rex determinatio n

For ease of identification, hedgehogs veere cate -
gorised according to weight . Hedgehogs weigh -
ing under 250 g on arrival veere considered to be

30
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nestlings as they needed extra care and genera ll y

a diet consisting pa rtially of a milk substitute for

yuppies (in this case Esbilac "), in order to gain

weight at a satisfactory rate . Nestlings, ordinari-

ly, would have still been receiving care from

their mother . Animals weighing between 250

and 450 g veere classed as juveniles, white any

over 450 g veere classed as adults . Data collected

in this study showed that hedgehogs bom in

spring or nummer easily achieve weights of

650 -900 g by autumn in the same year . The rex
of all animals was also determined on a rrival,
enabling determination of rex ratios .

Arrival of all age catego ri es of hedgehogs at the

RSPCA, and later at the sanctuary , was influenced

by factors such as public awareness and localised

extensive flooding in York in November 2000 .

Results

Seasona l variation

Hedgehogs arrived at the sanctuary for treatment
between May and Janua ry (figure 1) . Adults ar-

Figure 1 . The number of nestling , juvenile and adult hedgehogs arriving for treatment during 1998, 1999 and
2000 .
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Table 1 . Number s of nestling s (<250 g), juvenile s (250 -450 g) and adults (>450 g) pre s enting for treatm e nt 1998 -

2000 .

Age Total Female s

catego ry (n) (n)

Nestlings 102 41
Juveniles 42 20
Adu l ts 24 9

rived mostly in May and June, white the numbe r

of juveniles fluctuated between June and Janu-

ary . Nestlings appeared between June and No-

vember, peaking twice in July and October .

Age structure and rex rati o

The greatest number of displaced hedgehogs ar -

riving during a three-year pe riod (1998-2000),

veere nestlings (n=102) which displayed a male -

biased rex ratio of 1 . 5 : 1 (m :f) ( X' =3 .921, 1 df,

P<0 .05) (table 1). Examination of 1 0 individual

litters (32 young in total), with a minimum of

three siblings in each, showed variable sex ratios

between lifters, bui an overall male-biased rex

ratio of 1 . 5 :1 (m :f) . Juveniles and adults dis-

played a sex ratio of 1 .1 : 1 (m :f) ( X2 =0 . 095, 1 df,

ns), and 1 . 7 : 1 (m :f) (x'=1 .50, 1 df, ns), respec-

tively . Therefore , nestlings deviate signi fi cantly

Erom a 1 : 1 ratio, white juveniles and adults do

not . However, as there is no heterogeneity in the

data ( X'=0.849, 2 df, ns), pooling across the age

catego ries gives 1 . 4 : 1 (m :f) . This is significantly

different from 1 : 1 ( X2 =4 . 667, 1 df, P<0 . 05) .

It can be concluded therefore, that the sex ratio
is significantly biased towards males, and that
the degree of bias is not significantly diffe-
rent between nestlings, juveniles and adults .

This suggests equal mo rtality ratel in the two

sexes .

Inc id e nce of disesse and injury

Nestlings , juveniles and adults veere affected by

a variety of ailments or inju ries (table 2) . Malnu-

trition was the major ailment, 55% of these being

nestlings . Of the 15% affected by dehydration,

the majo rity veere again nestlings . Hypother-

Males Sex ratio

(n) (m : t)

61 1 .5 :1

22 1 .1 :1
15 1 . 7 : 1

mia was reen mainly in nestlings and juveniles ,

and breathing difficulties mainly in adults . Punc-

ture wounds veere mostly accompanied by ab-

scesses and equally distributed across the age

groups .

Myiasis was only observed in three nestlings

(2% of the total) . Ticks veere virtually absent in

nestlings , being mainly prevalent in juveniles .

The majority of cases of ringworm and sarcoptic

mange veere found in nestlings (table 2), white

demodectic mange only appeared in 1% of all

animals . The nematode Crenosoma striatum oc-

curred more often than Capillaria spp. and the

cestode Hymenolepis erinacei, with the later

two mainly infesting juveniles . The protozoan

Isospora spp . al so appeared mainly in juveniles .

Escherichia coli was only detected in 1 % of all

animals .

Only six animals a rrived with road traffic in -

juries (4 % ), white two individuals arrived with

an eye infection . Two animals (1 %n) sustained a

broker leg, and miscellaneous injuries including

contamination with engine oil veere reen in 4 %

of all arrivals .

Survival rate

Of the nestlings, 74% survived to release status,

compared with 55 % of juveniles, and 58% of

adults (table 3) . Then the data veere fu rt her

analysed to determine whether mortality is the

same in maler and females in the three age cate -

gories considered separately . There was no sig-

nificant difference (P>0 . 05) between survival

rate of females and maler in nestlings ( X2 =0 . 925 ,

1 df, ns), juveniles ( X' =0 . 423, 1 df, ns) or adults

(Fisher ' s exact test, ns) . It can be concluded that

there is no evidente for differential su rv ival be-

Bunn e ll / Lu tra 2001 44 (l) : 3- 14 7



Table 2 . The incidente of discase and inju ry in 168 hedgehogs t reated during 1998-2000 .

Aihnendinjury Nestling Juvenile Adult Total Total

(n) (n) (n) (n) (%)

Malnourished 25 1 0

Dehydrated 13 8

Hypothermia 6 5

Breathing difficulties 2 4

Puncture wounds 3 2

Abscesses 4

Myiasis 3 0

Ticks/xodes hexagonus 1 1 5

Ringworm 6

Sarcoptic mange 6 2

Demodectic mange 0

Crenosoma striutum 4 7

Cnpillnria spp. 3 6

Hymenolepsis erinacei 2 5

Isospora spp. 2 5

Escherichia coli 1 1

Hit by car 0 2

Braken leg 1

Eye infection 1

Miscellaneous injuries 2 2

10 45 27

4 25 15

1 13 8

7 13 8

3 8 5

4 9 5

0 3 2

8 24 14

0 7 4

2 10 6

1 2 1

7 18 I l

0 9 5

2 9 5

0 7 4

0 2

4 6 4

0 2

0 2

3 7 4

tween males and females within any of the three

age categories . There was no differente in the

propo rtions of maler and females surviving in the

three age categories ( X'=1 .054, 2 df, ns) . There -

fore, there is no evidence that the p ropo rt ions of

the sexes surviving differ by age . Pooling across

the age categories gives a total of 50 females and

64 maler su rv iving, meaning that 20 females and

34 males died in total . There veere, however, no

differenter in su rv ival rate between the sexes

(X2=0 . 702 , 1 df, ns) . Given that there are no dif-

ferences in survival rate between the sexes, the

m ale and female data for each age catego ry can

be combined in order to compare the propo rtions

of surv ivors versus deaths. For nestlings, sur-

vivors number 77, deaths 25 ; for juveniles, sur-

vivors number 23, deaths 1 9 ; and for adults, sur-

vivors number 14 and deaths 10 . There veere

significant difference s in surv ival (witti the sexes

combined) for the three age groups ( X'=7 .025, 2

df, P<0.05) . As noted Barlier, nestlings had a

higher su rv ival rate than either juveniles or

adults .

The vast majori ty (94%) of the animals was

s ti ll alive 48 hours after admission (total n=168)

( figure 2) . As all animals veere released to the

wild as loon as they veere fully rehabilitated, the

data in the figu re includes these animals . Figure

2 allo illustrates the time spent at the sanctuary

p ri or to release . During the 20 days following

their admission, 15 animals veere released and 34

died, giving a survival rate of 84% (n=153) . If

those animals that veere rehabilitated and re-

leased after 20 days are considered in the total,

the su rv ival rate becomes 80% (168-15=153 to-

tal remaining after release) . Considering a ll age

categories , 68% of animals a rriving for treatment

veere rehabilitated and suc cessfully returned to

the wild (figure 2 and table 3) .

Discu ss io n

Sample composition

Nestlings comprised 61 % , juveniles 25% , and
adults 1 4 %n of the hedgehogs arriving over the
three - year study period . The number of Bach ag e

8 Bunnell / Lutra 2001 44 (l) : 3-14
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Figure 2 . The per ce ntage of hedgehogs (n=168) that survived a certain number of days and the perce ntage re-
lea s ed during the same period .

category arriving throughout the year varied

depending on the time of year . With the excep-

tion of a solita ry animal in January, nestlings

a rrived between June and November, with two

distinct peaks between June and August , and

later in October, suggesting two breeding

periods . Reeve (1994) comments that in Britain

and northern Europe, late lifters are common .

Such fitters may result from the loss of a first lit-
ter or a ve ry mild autumn, the latter increasing
food availability .

Juveniles arrived between June and Janua ry ,

the maximum number appearing in November,

while adults arrived between May and Novem-
ber , the largest number being in May . The ap-
pearance of juveniles in larger numbers in the

autumn corresponds to the known breeding sea-

son (Reeve 1994) .

Across the age categories the sex ratio is sig-

nificantly biased towards malen (1 . 4 : 1) . Reeve

and Huijser (1999) allo found an overall signifi-

cant male-biased sex ratio of 1 . 2 :1 . In this study,

when taking the age groups separately, the

nestlings clone showed a significant male-biased

sex ratio which suggests that more male hedge-

hogs are born than females .

Reasons for di s placement

Increased awareness by the public has led to

greater numbers of displaced hedgehogs being

taken to wildlife rescuc eentres . Despite this

some hedgehogs are still repo rted by some mem-

bers of the public as appearing to be in Bood

health when they are actually in need of care .

The characteristic hyperactive behaviour of ju -

veniles, du ri ng the day in late nummer or early

autumn, is almost ce rtainly due to a heavy bur -

den of intestinal parasites which causes intense

discomfo rt legding to hyperactivi ty . This fact han

been confirmed by the veterinary surgeon con-

sulted during this study, and fu rther verified by

the fact that hyperactivity ceased withm 24 hours

of the animal being dosed with the relevant

wormmg medication . Hyperactivity, in this in -

stance, involves excessive movement during
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Table 3 . Numbe r o f animal s and , betw e en par entheses, p e rce ntage o f t ot a l s urv i v in g to a dulth oo d .

Age Number surviving Females Males

category to adulthood/
relea sed

Nestlings 77(74) 33(81) 44(72)
Juveniles 23(55) 12 (60) 1 1( 5 0 )
Adult s 14 (58) 5 (56) 9 (60)

daylight hours with a total absence of sleep . The

hedgehog moves incessantly, igno ring any food

offered . This type of hyperactivity is not to be

confused with food-searching behaviour , which

inevitably ceases on ce food has been located and

Baten .

The main reasons for displacement of

nestlings are removal from the nest by domestic

animals, accidental entrapment in farm build -

ings, and Bilher death of the mother due to road

or other accident, or entrapment or incapacitat -

ing inju ry preventing her re turn to the nest . In

any instan te when a mother faits to return to the

nestlings within an indeterminate period of time,

the nestlings tend to move away from the safety

of the nest, presumably in search of food . 1 have

observed this on many occasions, and indeed it is

the main reason for notification by the public

that a litter of hedgehog babies is in need of help .

People who become aware that the mother has

been absent for several days are reluctant to dis-

turb the nest , tending to wait and see if the moth -

er returns . This is generally followed by the ap-

pearance of the young outside the nest this

making them vulnerable to predators and unable

to survive prior to weaning . The nestlings are

then taken into care .

Of the 102 nestlings displaced, 55 veere not

obviously suffering from any problem other than

separation from their mother at too early a stage

in their Jives . In these cases , rehabilitation was

relatively straightforward , requiring hand -feed -

ing at frequent intervals , and the usual care

regime used for orphaned mammals (Stocker

1987 , Sykes & Durrant 1995) .

As most road casualties will die, Bilher imme-

diately or ve ry quickly, from their injuries, they

veere expected not to feature strongly as a reason

for presentation at the RSPCA . This did indeed
prove to be the case with only six out of 168 an -
imals (4%) arriving as rond casualties .

Combining the data across the age catego ri es,

the most common ailments veere malnutrition, af-

fecting 27% of animals, and dehydration (15%) .

Ne stlings veere p art icularly affected by malnu tri -

tion, forming 55 % of those affected, and dehy-

dration (52%) . Puncture wounds veere evident in

5% of animals, mainly being sustained trom dog

bices . Indeed, dog biles are a well-known cause of

injury to hedgehogs resulting in 2 . l % of hedge-

hog rescue tentre deaths (Reeve & Huijser 1999) .

Myiasis was only leen in 2% of animals, all

nestlings . In Bach instante the anima] was al so

suffering from hypothermia.

Ticks Ixodes hexagonus veere present in 14%

of animals (63 % of these being juveniles) . This

is substantially less than the figure quoted by

Smith (1968) who reported that almost every

wild hedgehog caught in Europe is infected with

one or more ticks . Considering that the 1 4% of

animals infested veere all casualties requiring

treatment, it might be expected that healthy

wild hedgehogs would be less likely to car ry

ticks . This suggestion is supported by data col-

lected during this study which indicate that the

number of ticks infesting a casualty seems to be

directly related to its state of health and progno-

sis for a return to full health . Those animals pos-

sessing more than 25 ticks mostly failed to sur-

vive . The greatest number of ticks recorded

between 1998 and 2000 was 72 . However, a

hedgehog hearing 199 ticks was treated by the

author in 1997, an excessive number for such a

smalt mamma] .

Ringworm was found in 4% of all animals,

though mainly in nestlings . This figure does no t
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compare with that quoted by Morris and English

(1969) where they report an average infection

rate of about 20-25% in Britain, with the fungus

being cultureel from the linings of 23% of 60

nests examined . One possible reason for the dis-

crepancy is that the presence of fungal spores on

the spines or fur of a hedgehog, or within the nest

material, does not necessarily mean that the ani-

mal will actually present symptoms of ring-

worm . Smith (1968) states that wild hedgehogs

harbour a large number of potentially pathogen-

ic organisms without showing visible signs of

illness . Those animals that succumb to the dis-

ease generally have compromised immune sys-

tems due to an underlying illness .

Sarcoptic mange was observed in 6% of ani-

mals and was sometimes accompanied by ring-

worm . This is not surprising as the mites respon-

sible for the mange could also help to spread the

ringworm as the fungus han been isolated from

their droppings (Reeve 1994) . Demoelectie

mange was only observed in 2% of animals and

as Reeve (1994) reports that the mite Demodei
erinacei commonly inhabits the hair follicles of
hedgehogs, this would suggest that it is mainly
asymptomatic .

The nematode Crenosoma striatuin was the

parasite most commonly noted to be present in

excessive numbers, with an accompanying

change in the gros morphology and texture of

the faeces (11%n of total) (Bunnell 2001b) . Infec-

tions produced by this lungworm and that of

Capillaria spp . (5% of total) are commonly fatal

in hedgehogs (Reeve 1994) and typically pro-

duce consolidation of the lungs as revealed dur-

ing post mortem . Robinson and Routh (1999) al-

so comment that the morbidity associated with

lungworm infection can be very high . Keymer et

al . (1991) found nematoden, which they consid-

ered to be probably all Crenosoma striatum, to

be the most important helminth pathogene in 10

casualties, attributing their presence to be large-

ly responsible for the death by pneumonia of six

of the animale .
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The tapeworm Hrmenolepis crinacei was pre-
sent in excessive numbers to the point of pro-

ducing changes in the faeces, coughing and

weight loss, in 5% of all animals . This figure is

similar to the 1 .2% incidence of tapeworms re-

ported by Reeve and Huijser (1999) . Robinson

and Routh (1999) state that infection witti the

tapeworm Hymenolepis erinacei is usually
asymptomatic . Escherichia coli was noted in 1%
of animals . The incidence of parasite and

pathogen infestation was distributed equally

over the sexes.

Broken limbs, thought to have been caused by

dogs, veere seen in two animals only (1%), while

miscellaneous injuries caused by human-related

activity veere observed in 4% of all animals .

Surv iva l

Considering all age categories, 68% of animals

arriving for treatment veere rehabilitated and
successfully returned to the wild. Out of a total
of 1 68 animals 94% veere stilt alive 48 hours
after admission . This compares favourably witti

survival races at the Jersey and Den Haag hedge-
hog rencue eentres, where only 45 .7% of admis-

sions survived for 48 hours (Reeve & Huijser

1999) . Indeed, 80% of animals veere still alive 20

days after admission, making the necessary ad-

justments for the 1 5 animals released during this

time .

Nestlings displayed the highest survival rate at

74%, witti juveniles and adults surviving at the

almost equal raten of 55% and 58% respectively .

Combining mate and female data the difference

in survival rate between the age groups was sig-

nificant . Although more females tended to sur-

vive than malen, this difference was not signifi-

cant, indicating equal mortality raten for both

sexes in all the age categories .

Recommend ati on s

Animals that veere successfully restored to Bood
health veere retu rned to selected sites in the wild .
Survival of rehabilitated hedgehogs, after release

to the wild, ha s been s tudied (Morris et al . 1993,
Morris & Warwiek 1994) . These studies con -
cluded that rehabilitated adult hedgehogs proba-

bly cope welt with release . This is supported by
my findings (Bunnell, unpublished data), where-

by several marked, rehabilitated animals from

my sanctuary have been observed many months

after release, mostly close to the release site. In-

creased awareness by the public , in recognising

that hedgehogs found out during the day general-

ly require assistance, is helping to bring more an -

imals to the attention of wildlife rencue eentres .

This, in turn, increases the number of animals

that re ceive much-needed care and attention, are

subsequently rehabilitated and retu rned to the

wild . The action of wildlife eentres throughout

B ri tain is undoubtedly ensuring the retu rn to the

wild of thousands of hedgehogs that otherwise

would have perished . It is hoped that, in some

small but significant way , the balance that han

been severely disturbed by human habitation and

interference in the life of the British hedgehog, is

addressed by the care provided by wildlife res-

cue eentres .

It is recommended that public awareness be

increased still fu rther, in pa rt icular to alert people

to check buildings, basement yards, etc. where

hedgehogs could accidentally become trapped

and subsequently starve . In addition, it would

be of great value if all cattle g rids, installed p rior

to the law insisting on a climb - out point for

hedgehogs, veere to be provided witti a means

of escape for any hedgehog casualties . The re-

moval of traps altogether from the country-

side would prove most beneficia) for the hedge -

hog and eliminate a prolonged death trom star-

vation . Increased diligence by householders, to

prevent domestic animals from disturbing hedge-
hog nests, would also be most useful in attempt -

ing to reverse the decline of hedgehog popula-
tions .
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Samenvatting

Z iek t en e n ve r wondin gen bij w ilde egel s
(Erinaceus europaeus) in een opvan gcentrum

Dit a rtikel beschrijft wat wilde egels mankeerden

die door het publiek naar een egelopvangcentrum

werden gebracht van de "Royal Society for the

Prevention of Cruelty to Animals" (RSPCA) in

York, Engeland . De meeste dieren (90 % ) werden

door de auteur in haar egelopvangcentrum ver-

zorgd . Het gaat om 168 egels over een periode

van drie jaar (1998-2000) . Van deze dieren was

61 % pasgeboren, 25% juveniel en 14 % adult .

Bij pasgeboren egels was sprake van een sig-

nificant scheve geslachtsverhouding met naar

verhouding veel mannen . Voor juveniele en

adulte dieren kon geen significant verschil in ge-

slachtsverho uding worden aangetoond . Zonder

onderscheid naar leeftijdscategorie was de ge-

slachtsverhouding ook significant scheef ver-

deeld met naar verhouding veel mannen . De

mate van scheefheid verschilde niet tussen pas-

geborenen, juvenielen en adulten, hetgeen gelij-

ke sterfte voor beide rexen suggereert .

Voor a ll e leeftijdscategorieën tezamen waren

de belangrijkste kwalen ondervoeding (27% van

de egels) en uitdroging (15%) . Teken /xodes

hexagonus werden op 14 % van de dieren aange-

troffen, ri ngworm bij 4% en schurft bij 6% . De

meest voorkomende parasiet was de nematode

Crenosoma striatum (11 % van het totaal) . Ver-

keersslachtoffers vormden 4 % van het totaal, en

overige verwondingen, waaronder het in aanra-

king komen met motorolie, 4% .
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Pasgeboren egels werden vooral binnenge-

bracht als gevolg van verstoring van het nest,

bijtwonden van huisdieren, langdurige afwezig-

heid van de moeder, en het per ongeluk opgeslo-

ten raken in, of in de buurt van, gebouwen .

De overleving van alle leeftijdscategorieën

was 48 uur na opname 94%, en na 20 dagen was

dit 84%. Van de pasgeboren dieren overleefde

74%, welke weer in het wild werden uitgezet .

Voor de juvenielen en adulten was dit respectie-

velijk 55 en 58% .

De mens lijkt een belangrijke rol te spelen in het

aantal verwondingen binnen alle leeftijdscatego-

rieën en in het voortijdig gescheiden raken van

pasgeborenen en hun moeder . Gedurende een pe-

riode van drie jaar werden steeds meer hulpbehoe-

vende dieren naar het egelopvangcentrum in York

gebracht (RSPCA) . Dit benadrukt de noodzaak

voor het nemen van maatregelen die het voortbe-

staan van egelpopulaties ten goede komen en een

verdere achteruitgang in aantal voorkomen .
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The sex ratio of the red fox (Vulpes vulpes);
an adaptive se lection?

Ad Vos' & Ulf Wenzelz

'IDT GmbH, PSF 214, D-06855 Ro ss lau, Germany , e - mail : ad . vos@idt-direct . de
'Helenenstrasse 26a, D-04279 Leipzig , German y

Abstract : The data presented here suppo rt for the red fox a strictly mendelian determination of sex . The sex ra-
tio of 288 embry os of 50 vixens handed in for rabies diagnosis in Bavaria, Germany, did not differ significantly

fro m uni ty . However, during many field studies a skewed sex ratio in favour of mate cub s has been observed .

Hence , the observed shift to a mate biased sex ratio occu rred not in utero but post partuur. Data from captive fox

liters (n=162) indicated that the sex- specific cub mort ali ty occu rred du ri ng the first week after bi rt h . Most pro-
bably, because male cub s had a competitive advantage over female lifter mater , as a result of a higher body weight

at bi rth . Mate emb ry os veere, on average, 4 . 1 % heavier than female embry os . The selective pre ss ure tbr a male
biased rex ratio of fox cubs can be explained by the sex specific dispersal behaviour of foxe n . Female foxen often

stag in the vicini ty of their natal ground s white maler leave these areas . Also , di s persal Bi stance of ma te foxen i s,

on average, higher than that of female s . The higher mortality rate of maler , as sociated with dispersal , would can -

cel the biased r ex ratio, resulting in an operational rex ratio clo se to uni ty .

Key words: red fox , Vulpel v ulpes , emb ry o , rex ratio.

Introduction

An important aspect of the life history of an ani-

mal population is the rex allocation and rex

ratio . Fisher (1930) wrote that in a random-mat-

ing population, the only evolutionary stable rex

ratio would be 1 : 1 . Since this publication, rex

ratio is an ongoing subject of interest, especially

concerning the evolutionary and behavioural

ecologica) aspects and consequences (e .g .

Kolman 1960, Verner 1965, Clutton-Brock &

Jason 1986) . Several hypotheses of adaptive

control of the sex ratio have been put forward,

for example the Trivers-Willard hypothesis

(Trivers & Willard 1973), the local resource

competition model (Clark 1978) and the local re-

source enhancement model (Gowaty & Lennartz

1985) .

The rex ratio of the red fox (Vulpen vulpen) har
allo been discuseed by many authors . In most
samples a recurrent and significant mate bia s

O 2001 Vereniging voor Zoogdierkunde en Zoog-

dierbescherming . Lutra abstracta on the internet :

http ://www .vzz .nl

was observed (Lloyd et al . 1976, Stubbe 1980,

Stubbe 1982, Goretzki & Paustian 1982, Lind-

strám 1982, Kappeter 1985 , Ansorge 1991) . Is

this skewed rex ratio of the red fox under selec-

tive pressure? For example, Moehlman (1989)

predicts a female biased adult rex ratio for foxen .

However , there is liftte empi rical evidence to

support this or any other hypothesis in foxen . An

impo rtant limitation is that the obtained rex ra-

tios are mostly based on samples of foxes ki ll ed

or found dead . These samples do not necessarily

represent the rex structure of the living fox pop -

ulation, due to possible differential mortality of

both sexes (Kappeter 1985) . Even samples of

foxen caught alive could be biased through sex-

dependent behaviour that facilitate the capture of

one rex over the other (Lindstr6m 1982) . Data

concerning the adult fox rex ratio of the living

fox population are unfo rtunately not available .

However, it seems that an adjustment of the rex

ratio in red fox cubs occurs at a very early stage .

The rex ratio of cubs is biased towards males, al-

though the embryonic rex ratio does not differ

from unity (Lloyd et al . 1976 , Stubbe 1980 ) . In

this paper, the rex ratio of the red fox before an d
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T a bl e I . Embryoni c sex di s tribution of 50 fo x lift e rs fro m Bav a ria . Germany .

Number of female embryo s

2 3

0 - 1 -
1 - 3 2
2 1 4 3

Number 3 2 4
of 4 3 2 2
mate 5 - I -

embry os 6 I 2
7 - - -
8 - 1

sho rtly a fter parturition i s di scussed . Sub se-

quently, a hypothe s i s i s pos tul ated that e xplain s

the sex rati o adju s tment in the data s et s de-

s crib e d .

Mate ria l and m e thods

Data on the emb ryonic sex ratio veere obtained
from vixens handed in for rabies diagnosis in

Bavaria , Germany , trom February till April dur-

ing the years 1988 - 1991 . Of all vixens handed in
during this period the reproductive trad was ex -

amined . In case of emb ryos present , the sex and
weight of all embryos was recorded . If weight or

sex of an embryo could not be determined, the

whole lifter was omitted from fu rther analysis .

The mean embryonic body weight of the lifters

was used as indicator of age (Lloyd 1980 : figure

17 , pa ge 107) .

Data on the rex composition of fox lifters

(n=162) trom a protected environment veere

obtained from the breeding records of captive

silver foxes . Due to extreme susceptibility of

4

2
4
2
4

5

the vixens to disturbance, which could lead to

the complete loss of the lifter (Trut 1996), the

sex composition of the lifters was checked for

the first time, approximately, one week post par-

tum .

Results

No signi ficant bias was found for the emb ryonic

sex ratio in the Bavarian sample of 50 complete

lifters ; 151 mate and 137 female embryos (Chi ' -

test , X'=0 . 68, df=1, P>0 . 05) (table 1) . Fu rther-

more , no significant correlation was observed

between sex distribution and lifter size (w

-0. 19) . Also, no significant yearly differences in

the embryonic sex ratio veere found during 1988 -

1991 (Chi '-test) (table 2) . No shift in the embry-

onic rex ratio in favour of maler has been ob -

served during gestation (table 3) . The selection

of these three weight-g roups was done arbi tr ari-

ly . Male emb ryos veere on average 4 . 1 % heavier

than their female embryonic lifter mater . In the

pooled data set, male embryos veere significand y

Table 2 . Sex ratio of emb ry os between 1988 and 1991 (Chi '- te s t , ns . : not significandy different from 1 : 1, P>0 .05)

Year Number of Male Female M/F P
lifters (M) (F)

1988 22 77 63 1 . 22 n . s .
1 989 7 1 7 20 0.85 n .s .
1990 8 23 19 1 .21 n . s .
1991 13 34 35 0 .97 n . s .

Total 50 151 137 1 .10 n . s .
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T ab l e 3 . Sex rat io of e mbryos dur i n g di fferent stages of gestation (weig h C mean body body weig ht of em b ryoni c

l ifter ; Ch i =- tes t , n .s . : not signi fi c a n t l y di fferent from 1 : 1, P>0 .05) .

Weight Number of Males Females MIF P

(g) embryos (M) (F)

<_ 40 127 66

41-80 101 51
> 80 60 34

more often heavier than their female lifter mates
(n=194) than vice versa (n=148 ; Chi '-test ,

x'=6 .19, df=1, P<0 . 05) .
The sex ratio of cubs , approximately one week

old and bom in captivity, differed significantly

from unity (Chi '- test, X'=9 . 72, df=1, P<0 .01)

(table 4) . During the following nine weeks al-

most no mo rtal ity was observed ; of the 405 mate

and 321 female cubs only 8 male and 2 female

cubs died .

Discussion

The observed emb ryonic sex ratio in thi s and

other studies indicate that it does not differ from

the evolutiona ry stable sex ratio of L• 1 (table 5) .

However, in most field studies a (significant) sur -

plus of male cubs is found (table 6) . Goretzki et

al . (1997) suggested that the sample method used

by catching young foxes alive at the den site was

probably sex - selective . However, a male surplu s

was allo found when complete lifters veere con -

sidered . Storm et al . (1976) suggested that male

cubs probably had a beuer survival rate than their

female lifter mater du ring late gestation or in the

61 1 .08 n . s .
50 1 .02 n . s .
26 1 .31 ns .

first months after birth. The former can be ruled

out, because in the data presented here no shift in

the embryonic sex ratio in favour of males has

been observed during gestation . However, it was

observed that male embryos veere, on average,

heavier than their female embryonic lifter mates .

Lloyd (1980) also examined 44 embryonic lifters

in which male embryos veere, on average, 11 .4 %

heavier. He suspected, that male cubs had a high-

er survival rate due to their higher body weight at

birth ; the heavier mate cubs could have an advan-

tage in sibling competition over their female lifter

mates . However, Bakken (1998) did not find any

weiglit differences between sexes at birth in cap-

tive-bred foxes .

One could argue that while mate embryos

have (aster growth rates and, therefore, increased

nutritional requirements, they are more suscepti-

ble to nutritional stress during gestation than

their female lifter mates . However, the extraction

of nutrients by the offspring is higher during lac-

tation than during gestation (Oftedal & Gittle-

man 1989) . The energy reserves of the vixens are

most of the time sufficient for the development

of the embryos, but are rapidly depleted during

lactation, resulting in intensified sibling compe-

Table 4 . Sex di stribution of cubs aged app ro ximately one week old trom 162 fox lifters bred and rai sed in

captivity .

Number of female cubs
0 1 2 3

Number
of
male

cubs

4

2
4

6

6

3
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Tabl e 5 . The embry onic se x ratio of fox en (Chi -test , n .s . : not s i g nificantly different trom 1 : I , P>0 .05) .

Study area Sex ratio n p Sourc e

Wales 1 .06 222 n .s . Lloyd et al . 1976
Switzerland 0 .96 239 n . s . Lloyd et al . 1976
Gera , Germany 1 .03 177 n . s . Stubbe 1980
Dresden , Germany 0 .95 142 n .s . Stubbe 1980
Hakel, Germany 1 .43 68 ns . Stubbe 1980
I llinois, USA 1 .04 198 ns . Storm et al . 197 6

tition and, consequently, in increased female cub

mortality . Of course sibling competition is not
limited to nutrient intake only, e .g . maternally

transfereed immunity through the colostrum will
take place directly after birth . Hence, the quan-

tity of transferred maternal antibodies depend on

the quantity and quality of colostrum ingested by
the cubs (Chappuis 1998). Furthermore, lower
birth-weight may influence the level of mater-

nally acquired immunity (Wesumperuma et al .

1999), resulting in a higher susceptibility to in-
fectious diseases .

Kappeter (1985) also explained the obser-

ved mate surplus of fox cubs as a result of sex-
specific cub mortality . Unfortunately, no fiel d

~. .

data are available on the sex composition of fox

litters during the first month post partuur . How-

ever, analysing the data of fox cubs bred and

raised in captivity confirms the field data . The

sex ratio of these approximately one-week

old cubs already differed significantly front

the sex ratio 1 :1 (table 4). While almost no mor-

tality was observed in the following weeks,

the sex specific cub mortality in foxen occurs in

the first week after birth . Unfortunately, the

mother anima] wil] eat all dead cubs during the

early post partuur phase, so these losnes can not

be estimated by observations . Also Trut (1996)

found an exces of mate cubs in captive-bred

foxen .

-''

..~"' T// ►

'~~011 Sa~
Tbc sex ratio of this litter is probably alrc.idy diticrent Y1-om thr ~c\ rauu :u the tinre ot birth . Phulugraplc

Udo Stubeling .
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Table 6 . Sex ratio of fox cub s (Chi -te s t, n .s . : not s i g nificantly differe nt trom l : I , Y >O . OS) .

Study area Sex ratio

M/F

Gera, Germany 0.94

H ake l , Germa ny 1.20

Germany 1.3 6

R age n , Germany 1 . 1 3

Netherlands 1 .2 8

Denmark 1 .1 7

Denmark 1 .2 2

Swit zerland 1 .2 8

Switzer l a n d 1 .2 7

Noord- H ol land, Netherladns 1 .44

England 1.37

n

877

249

248
862 *

98*
455*

841
568

348*
132*

199*

P

n . s .

n .s .

<0 .05
n . s .
n .s .

n . s .

<0 .01
<0 .01

<0 .05
<0 . 05

<0 . 05

Source

Stubbe 1980
Stubbe 1980
Goretzki et al . 1992
Goretzki et al . 1997

Lloyd et al . 1976

Lloyd et al . 1976

Lloyd et al . 1976

Lloyd et al . 1976

Lloyd et al . 1976

Mulder 198 8

Page 198 1

*sample of cubs caught alive at den site

The question remains ; is there an adaptive se-

lection for the obse rved sex specific cub mortal-

ity, or is it mere a non-adaptive consequente of

sexual size dimorphism ? So far, no direct evi -

dence of possible parental control of progeny sex

ratio of the red fox hal been repo rt ed . In other

anima) species, adults may adjust the sex ratio of

their offspring to existing social and demo-

graphic parameters by means of selective ne -

glect, infanticide or siblicide (Frank 1996) . It is

allo assumed that hormonal levels at conception

affects the sex ratio ; high levels of estrogens and

testosterone co rrelated with an ex cess of maler

(e . g . induced by social rank of mother anima) or

various other stress factors) (James 1992, Trut

1996).

The adaptive significante of a male biased sex

ratio of fox tabs may possibly be found in sex
specific dispersal behaviour. The proportion of

juvenile maler that disperse is higher than that of

females . Allo the average dispersal distante is

higher for maler (Storm et al . 1976 , England

1980, Page 1981, Ha rris & Trewhella 1988 ,

Mulder 1988, Vos 1993) . Daughters settle often

withm or in the neighbourhood of the home-

ranges of their parents (Macdonald 1980) . Dis -

persal in unfamiliar te rr itories bring certain ri sks

along, like competitors and unknown accessibil -

ity of food and shelter (Wener 1996) . Hence, the

mo rtali ty rate of dispersers wil) be higher than

that for resident animals . Ha rris & Trewhella

(1988) found that for male foxes, life expectancy

was significantly lower in dispersing animals

compared to non-dispersing animals . Therefore,

the higher mortality ratel of the male sub-adults,

as a result of the higher dispersal activity, will di-

minish the skewed sex ratio as observed among

the fox tabs . The operational sex ratio, the aver-

age ratio of fertile females to sexually active

males at any given time, may possibly be close to

unity in the adult fox population . As mentioned

before, the evolutionary stable sex ratio in a ran-

dom maling population is 1 : 1 . When the adult

sex ratio hal moved away from parity, parents

could (temporarily) increase their fitness by pro-

ducing more offspring of the rarer sex . However,

to show that the variation in sex ratio is an adap-

tive response, it is necessary to demonstrate that

parents increase their fitness by biasing the rex

ratio (Clutton-Brock & Albon 1982) . Unfortu-

nately, the data available are not sufficient for

lach an analysis .

Hence, the here presented explanation of the

observed trends in the rex ratio of foxes must be

treated with taalion, as this biologica) trait may

be subject to different selective pressures . How-

ever, it can be concluded from the obtained re-

sults, that the rex allocation of the red fox is sim-

ply amechanica) consequente of meiosis, bat

the rex ratio of the living fox population is sus-

ceptible for selective pressures at a very early

stage of life .
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Samenvatting

Ges lachtsver h ouding van de vos (Vutpos

vutpos) ; een moge lijke adaptieve selectie ?

De geslachtsverhouding van wildlevende dieren

en de mechanismen die deze parameter reguleren

is een steeds terugkerend onderwerp . Ook de ge-

slachtsverhouding bij vossen (Vulpos vulpos) en

de mogelijke adaptieve betekenis is al vele malen
besproken. Helaas worden deze theoretische be-

schouwingen niet door veldgegevens onder-

bouwd . Steekproeven zijn vaak gebaseerd op ge-

dode en/of dood gevonden dieren . Deze geven

echter niet de situatie in de levende vossenpopu-
latie weer, onder meer als gevolg van geslachts-

afhankelijke mortaliteit . In dit artikel worden de

geslachtsverhoudingen van vossen en verschui-

vingen van deze parameter vóór en kort ná de ge-
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boorte be s proken . Ge geven s van 288 embryo 's
uit 50 worpen zijn gebruikt om de prenatale ge-

slachtsverhouding te bepalen . De drachtige

moertjes waren afkomstig uit Beieren , Duitsland,

en waren voor rabies onderzoek ingezonden

(1988-1991) . Verder waren gegevens beschik-

baar van 162 worpen van vossen die in gevan-

genschap waren opgegroeid (1994-1999) . De
embryonale geslachtsverhouding van vossen

week niet significant af van de geslachtsverhou -
ding I : 1 . Maar tijdens veldonderzoekingen wordt

meestal een overschot aan mannelijke welpen
vastgesteld . Vrouwelijke dieren hebben schijn -
baar een hoger sterftecijfer dan hun broe rtjes di-
rect na de geboorte . Waarschijnlijk is dit een ge-

volg van het hogere geboortegewicht van de
mannelijke dieren . Dit verschil in gewicht is al in

de embryonale periode aantoonbaar. Hierdoor

hebben de mannelijke dieren tijdens lactatie en

voedselverstrekking een voordeel (nestconcur-

rentie) ten opzichte van hun zusjes . Bij welpen

(n=726) geboren en opgegroeid in gevangen-

schap werd na de eerste levensweek al een over-

schot aan mannelijke welpen vastgesteld . Wat

kan nu de biologische betekenis zijn van dit ver-

schijnsel? Of is het niet meer dan een non-adap-

tieve consequentie van sexueel dimorfisme? Bij

vossen is tot nu toe nog geen direct bewijs gele-

verd dat ouders actief invloed uitoefenen op de

geslachtsverhouding van hun nakomelingen . Een

mogelijke verklaring is te vinden in het dispersie

gedrag van jonge vossen ; het zijn voornamelijk

de mannelijke dieren die in het najaar weg-

trekken, ook de gemiddelde dispersie-afstand

van de mannelijke dieren is hoger dan die van

de vrouwelijke dieren . Het wegtrekken vanuit

de bekende geboortegrond naar onbekende ter-

reinen is niet zonder risico en gaat gepaard met

een verhoogde sterftekans . Hierdoor zal het over-

schot van mannelijke dieren geheel of gedeelte-

lijk worden opgeheven, zodat de operationele ge-

slachtsverhouding rond het stabiele evenwicht

1 :1 ligt .
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Mammals benefit from reduced ditch clearing
frequency in an agricultural landscap e

Marce l P. Huij ser ', Bas tiaan G . Meerburg', Berend Voslamber`*, A lbert J .
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Abstract : We investigated the effect of two types of ditch management on the specie s richness and abundance of

mammal s at two sites in an agricultural land scape in Flevoland, The Netherlands . The firs t management type in -

volved mowing both ditch sloper twice per year with a flailmower and leaving the bioma rs vn the s pot (control

sections ; n=3 at Ture luurweg s ite, n=6 at Waiboerhoeve site) . He re the vegetation wa s short throughout winter .

The second management type involved mowing the two ditch slope r in alternate years and removing the biomars

(reed sections ; n=3 at Tureluurweg , n=6 at Waiboerhoeve) . Thi s res ulted in reed cover (Phr(igmit es austrnlis) at

one ditch side in winter . Species richness and abundante of mammal s veere inve s tigated through s ightings and

trapping along the disches and in the adjacent production gras s tand s . Species richne ss and overall abundante veere

highest in the reed s ection s . Common vole s (Microlus arvalis), harve s t mice ( Microiny s ininutus) and common

s hrew s (Sorex araneus) occurred mo s tly in the ditches, especially in the reed sections . Only common voles were

al l o frequently found in the grasstand s bus he re their density was lower than along the disches . Amate- biased rex

ratio in the production gras stand s al lo indicated that these veere a poot habitat for thi s species . Although re duced

cleari ng frequency of [he disches benefited [he common vole , outbreaks leem unlikely as long as the grasstands

continue to be used intensively . Love management costs and possible application of reed biomars on arable land

could also en s ure a rapid integration of nature -o ri ented ditch management info existing farming systems .

Keywo rds : agriculture, cover, ditch, g rasst and s, m anage ment colt s, Mi c rotu l arva lis, nature, Phragmites a us i rn-

lis, rex ra tio, mammals .

Introduction

In western Europe, the state and intensity of

agricultural practice har increased considerably

over the past century . Field sizes veere enlarged

to benefit efficiency (e .g . Dijkstra et al . 1997)

and a more intensive management resulted in in-

creased agricultural production . The intensifica-

tion was particularly strong from the 1950s on-

wards and was mostly obtained through a high

input of nutrients, lowering of the water table,

mechanisation and the ure of pesticiden (e.g . Pot-

ter 1997, van der Molen et al . 1998, Jongbloed et

al . 1999, Novotny 1999, Tilman 1999, Hooda et

al . 2000) . Since agriculture is the dominant form

of land ure in The Netherlands (70% of the land

surface , LEI-DLO 1999), the increase in state

and intensity of ag ricultural practice has had

considerable consequenter for many wild plant

and animal species . Habitat was lost through the

removal of hedgerows, ditches and other smalt

landscape elements that separated the fields (e .g .

O 2001 Vereniging voor Zoogdierkunde en Zoog -

dierbescherming . Lutra abstracta on the internet :

http ://www . vzz . nl
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Dijkstra et al . 1997 , Macdonald & Johnson
2000) . Much of the remaining habitat decreased

in quality through e .g . eutrophication , use of pes-

ticides, low water tables , and timing and higher

frequency of mowing, grazing or he rvesting . The

decrease in habitat quali ty applies to certain

plant species (e . g . van Strien et al . 1988 , van

Strien et al . 1989, Freemark & Boutin 1995,

Klein & Verbeek 2000) as well a s inve rtebrates
(e . g . Davis et al . 1991, Freemark & Boutin
1995) , birds (e . g . Kruk 1993, Freemark & Boutin
1995 , Fuller et al . 1995, Green & Rayment 1996 ,
Beintema et al . 1997, van Noorden 1999) and
mammals (e .g . Tapper & Barnes 1986, Freemark

& Boutin 1995, Siriwardena et al . 2000) .

As response to the decline of many plant and

animal species in The Netherlands envi ronmen-
tal policy is now not only focussed on the reali -
sation of a National Ecologica) Network (LNV

1990) bus allo on an increase of naturel valnes in
agricultural ereas (LNV 2000) . In The Nether-
lands a new government program was intro-
duced in 2000 that rewards farmers and other

private landowners for the presente and abun-

dance of terrein species and landscape elements
on their lande (LASER 2000a, LASER 2000b) .
Unfortunately this system is only valid in desig -
nated ereas, more farmers have applied than an -
ticipated and funds are insufficient . Thus , to en-

hance naturel valnes on agricultural lande on a

much )erger stele and in the short term, inexpen -

sive measures that can be integrated into existing

farming systems are required .

In an ag ri cultural landscape the lande that are

not used for production are often limited to the

premiees surrounding farm buildings and the

landscape elements that separate parce ls (e .g .

hedgerows, ditches) . These landscape elements

can nevertheless contribute considerably to the

presente of wild plants and animale in ag ricultur-

al ereas (e.g . Terwan 1992, Fry & Sarlóv-Hertin

1997, Ovenden et al . 1998, Oosterveld & Gulde-

mond 1999) . In this study we focus on increasing
the ecologica) value of such linear landscape ele-

ments at love tost . We studied the effect of two

types of ditch management on the species rich-

ness and abundante of mammals . The first man-

agement type involved a standard mowing and

ditch clearing scheme whereas the second in-

volved a less frequent mowing scheme and, as a

consequente , the presente of cover for animals in

winter (see methods) . We expected the cover to
result in a better habitat for mammals in general,

including the common vole (Mi c rorus arvalis) .
Farmers generally associate the common vole

with damage to c rops and grasslands (e . g . van
Wijngaarden 1957a, Lange et al . 1994, Balmelli
et al . 1999) . In lome parts of The Netherlands

vole outbreaks occu rred regularly until the 1950s

(van Wijngaarden 1957a, van Wijngaarden

1957b, Lange et al . 1994) and farmers are reluc -

tant to improve the habitat for this species . To in -

vestigate whether this reluctance is justified, we

paid special attention to the common vole . In one

of our study ereas we not only determined their

relative population densities along the disches,

but also in the adjacent production grasslands .

Agriculture hes changed much since vole out -

breaks veere common and current graseland man -

agement does not seem very favourable to the

common vole . Most grasslands now have a

monoculture of perennial rye-grass (Lolium
perenne), an intensive mowing and grazing

regime that keeps the vegetation sho rt across the

whole parcel, a high input of nutrients including

manure injection, re-seeding , rolling and har-

rowing . We expect these conditions and activi-

ties to have a negative influence on common

vole populations and keep them trom reaching

high densities in production grasstands, regard-

less of the type of ditch management (sec Van
Wijngaarden 1957b, Ogilvie & Furman 1959,

Bi rney et al . 1976, Cornelissen et al . 1997, re -

view in La Haye 1999 , Been s ter & Vulink
2001) . Apart Erom their relative population den-

sities we veere also interested in the sex ratio and

weight of the common voles as additional indi -

cators of habitat quality . We expected the ditch-

es, particularly reed disches, to be high quality

habitat compared to the adjacent production

grasstands . In contrast to nales, female common

voles may share the same home range (e . g .

Boyce & Boyce 1988, van Apeldoorn 1989) and
high vole densities are associated witti a female-
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biased sex ratio (sec review in Van Wijngaarden

1960) . Therefore we expected relatively high

numbers of females along the ditches . We allo

expected relatively high body weights of both fe-

males and maler along the ditches compared to

the adjacent grasstands, as weight is an indicator

of condition .

Our hypotheses are that a lens frequent mow-

ing scheme of the ditch vegetation results in an

increase of the species richness and abundance

of mammals along the ditches and that common

vole density does not increase in the intensively

used grasstands adjacent to these disches . If this

is confirmed it may remove one of the objections

a farmer may have to using a lens frequent mow-

ing scheme .

Methods

S tudy sites

The study was conducted on two locations in

Flevoland, The Netherlands . The first part look

Reed
year 1 year 2

a . -_____----

autumn Control

summer

grass buffer crops
~\ n r\ n_ r) r\ n_ r

b .

C .

/t

Om

Tureluurweg

grasstands

Om lOm 25m 50 m

Waiboerhoev e

Figure 1 . Mowing scheme (-----) of the reed and control section s (a), and the location of the trapping Tine s at the
Tureluurweg (b ; 0 m only) and Waiboerhoeve site s (c ; 0, 10, 25 and 50 m). Note : the gras buffer zone at the Ture -
luurweg site wa s 3 m wide and was only present along the reed sections , the crops grew right up to the disches
along the contro l s ections .
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place between 1993 and 1995 along the road

`Tureluurweg' in Zuidelijk Flevoland (area sur-

rounding 5°20', 52°20') . The second part took

place in 2000 on the experimental farm `De Wai-

boerhoeve' in Oostelijk Flevoland (area sur-

rounding 5°35", 52°31') . For the exact bound-

aries of the study areas see Remmelzwaal &

Voslamber (1996) and Meerburg (2001) .

Tureluurweg site
At the time of the study, the Tureluurweg site

(250 ha) was characterised by a large scale agri -

cultural landscape . The clay soil (30 % clay pa rti -

cles) was used to grove wheat, potatoes , rugar
beets and peas . The fields (app roximately 50 ha
each) veere separated by ditches that lay parallel

at 450 m distantie from each other . The ditches

did not carry water year-round .

In the winter of 1992-1993, three disches veere

divided into six sections of about 500 m length

(two sections per ditch) . In autumn, the vegeta -

tion in three sections (one per ditch) was cut and

removed . However, only one dope and a 1 m

wide zone adjacent to the dope veere mowed at

the same time . The oppositie dope and a 1 m

wide zone adjacent to that dope veere mowed in

the autumn of the following year (figure 1 a) . The

bottom of a ditch was cleared each autumn to en-

sure sufficient drainage in winter . Thus uncut
vegetation , mainly reed (Phragmites australis),

was present on one side in winter. These sections

are from now on referred to as 'reed sections'
(see photo 1) .

The reed sections had 3 m wide buffer zones

adjacent to the 1 m strips (fi gure 1 b) . These 3 m

wide zones veere sown with red fescue (Festu-

ca rubra), perennial rye-grass, smooth meadow-

grass (Poa pratensis) and white clover (Tri-

folium repens) to allow for weed control

through frequent mowing (5 timer per year) .

Thus the edge of the crops next to the reed

sections was 4 m from the ditch dope . The other
three ditch sections ('control sections') veere

cut twice per year (summer and autumn) using

a flailmower (figure la) . Here the biomass

was left on the spot, and the c rops grew right

up to the dope of the ditches . The vegetation

on the dopes was sho rt throughout winter (ree

photo 2) .

In December 1992 a 0 .5 ha wondland (72x72

m) was planled adjacent to each of the three reed

sections . There was no gras buffer strip between

the woodlands and the ditches . Furthermore a

pond was dug in the tentre of each of these

woodlands . The ponds measured about 380 m2
and had a minimum water depth of 1 .5-2 .0 m at

the deepest point.

Waiboerhoeve sit e

The approximately 260 ha study area was allo

characteri sed by l arge stalti agricultural lands on

heavy clay soit (38% clay particles) . The area
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consisted mostly of grasslands, but lome parcels

veere used to grove maize or potatoes . The

parcels (each about 30 ha) veere separated by

parallel ditches roughly 300 m apart . The ditches

did not carry water year-round and the vegeta-

tion in these ditches was dominated by reed .

In autumn 1999 six ditches veere split into two

sections (12 sections in total) . Each section was

about 500 m in length . One section per ditch con-
tinued to be moven with a flailmower twice a

year (nummer and autumn) and the biomass was

left on the spot ('control sections') (ligure la) .

This type of ditch management was typical for

the region and similar to that of the control

sections at the Tureluurweg site . The other

sections veere managed in the same way as the

` reed sections' at the Tureluurweg site (figure

la) . However, at the Waiboerhoeve site the re

was no additional buffer zone adjacent to the

ditches (ligure ]c), nor vee re there any wood-

; .. .~. .

a- F

17

Huijser et al. / Lutra 2001 44 (1) : 23 -40 27

Photo 3 . The agricultural land s cape s urrounding the Waibo e rh oeve site . Th e dis c he s that se parate the paraels run

from lelt to ri ght . Ph ot o graph : Research Institute for Anima/ Husbandn, .



lands or ponds . The six ditches that veere used in

this study lay adjacent to production graseland .
The grasslands ran up to 1 m from the slope of a

ditch and veere moven or grazed by cattle or

sheep .

Trapping and sampling sch e ur e s

Tureluur w eg site

Between 1993 and 1995 small mammals veere

caught in snap [raps along transect Tines directly

adjacent to the ditches (0 m Bi stance, figure Ib) .

We placed 50 traps at 5 m intervals per section,

which resulted in 245 m long trapping Tines . We

stayed about 200 m away from the small wood-

lands and ponds . We trapped in 1993 through

1995, three timer per year (March, July and Oc-

tober). Each trapping session lasterf three nights

with one check per day . The traps veere baited

with carrot . We determined the species, and for

common voles we also recorderf the rex and

weiglit of the captured individuals . Other obser -

vations of mammals veere recorderf while walk-

ing monitoring routes for insects (afternoon) or

birds (early mo rn ing and afternoon) one time per

month (November through February, afte rnoons

only) or four times per month (March through

October) (ree Remmelzwaal & Voelamber

1996) . These obse rvations veere added to those

from the trapping Tines to investigate species

richness . We also recorderf observations of

mammals when not sampling a monitoring route,

but these veere ignored when we calculated

species richness .

Waiboerhoeve site

In October 2000 we determined small mammal
abundance directly along the disches and in the
adjacent grasstands . We placed Longworth live

traps along 180 m trapping Tines for Bach section .
Each trapping Tine had 10 capture points (two
traps per point) at 20 m intervak . Plating two
traps at one capture point prevented territoria)
and easily captured species from occupying most
of the traps (ree Bergers 1997, Bergers & La
Haye 2000) .

Many studies ure 10 m spacing between cap -

ture points . This distance is baserf on the nveragc

home range size of small mamma] species that

are relatively common, the estimation of absolute

population densities in trapping grids, and tra-

dition . We used greater Bistances between cap-

ture points since we sampled linear habi-

tats that veere about 500 m in length (ditch sec-

tions) . Furthermore, we veere only interesterf in

relative population densities . Our 180 m long

trapping Tines allo enabled us to have 1 60 m wide

buffer zones at the end of each section which de-

creased the chance of possible edge effects .

When we assume the home range of common

voles to be circular in shape, the buffer zone was

much wider than the average radius of their home

range (maler r-- 19 .5-21 .9 m; females r=9 .8-11 .3

m) (Lange et al . 1994) . The buffer zone was also

wider than recorderf dispersal Bistances (100 m)

for common voles (review in La Haye 1999) .

The traps veere baited with carrot and apple .

To minimise shrew mortality we also put dried

cat food in the traps. Hay was put in the traps to

prevent the animale trom cooling off. The traps

veere pre-baited for two or three days directly be-

fore the actual trapping which lasterf two consec-

utive nights . The [raps veere checkerf twice a day,

just after sunset and just after sunrise . We deter-

mined the species, and for common voles we al-

so recorderf sex and weiglit . We clipped the fur

to distinguish between newly captured individu-

als and recaptures . This study was found to be in

accordance witli Dutch law and regulations on

animal experiments .

The trapping Tines veere set at tour different

Bistances from the ditches : at 0, 10, 25 and 50 m

(figure Ic) . These Bistances veere baserf on the

size of the home range of common voles (see

Barlier) . If the animale have the centre of their

home range in the vegetation of the ditches

the maler may vesture up to 22 m into the grass-

land . Common voles captured at greater dis-

tances are likely to have the tentre of their home

range in the grasstands rasher [lias in the Bilthee .

Captures at the 10 m trapping Tines may include

maler and females that have the tentre of their

home range in the disches and may therefore be

influenced by the discli management .

28 Huijser et al. / Lutra 2001 44 (1) : 23-40



Table 1 . Mammal s pecie s ob s erved along the moniroring route s and trapping line s al o ng the reed and c ontrol sec -

tions of ditches at the Tureluurweg and Waiboerhoeve site . only indirect evidence through e .g . tracks, faeces,
nest or bu rrow . x = observed, - = not observed .

Species

Tureluur Weg (/993-1995)
Common mole (Talen europaea)

Common shrew (Sorex araneus)

Pygmy s hrew (Sorex minutus)

Serotine bat (Eptesicus serotinus)

Noctule (Nv ct(i lus noctula)

European hare (Leilus europaeus)

Rabbit (Ory(- to lcig u ,s cuni c ulus )

Common vole (Microrus nn vlis)

Harvest mouw (Micromy s minusus)

Wood mouw (Apademus syl vnticus)

Norway rat (Rut tu.c nonv eRrcus)

Wessel (Mustela ni valrs )

Stoat (Mustela erminea )
Weste rn polecat (Mustela putorius)

Red fox (Vulpos vulpos )

Roe deer (Cnpreo/us cnpreolus)

Reed sect ions Con tro l secti o ns

x -

x x
x -

x -
x x

x x
x x

x x
x x

x x
x x

x x
x x

x -

x x
x x

Waiboerhoeve (2000)
Common s hrew (Sorex araneus )

Greater white-toothed s hrew (Groeiduro russuln)

Bank vole (Clethrionomys glare o lus )

Common vole (Microtul an ,alis)

Harve s t mouw (Mrcromys minutus)

Wood mou w (Apodemus syh, ati cus )

The 0, 10, 25, and 50 m trapping lines veere not

sampled simultaneously, but in random order for

each ditch (combination of a reed and control

leefion) . If we had sampled different Bistances at

the same time , voles with the cen tre of their

home range in the ditches may have been cap-
tured at the 0 m lino before they would have had

a chance of entering the traps at the 10 m lino .

However, white trapping on a ce rtain lino, we

Bid pre-bait snother lino for efficiency purposes .

Therefore only half of the traps (480 in total)

veere in operation at the same time .

When clipping the fur of the animals, the loca-

tion of the mark was unique for each Bistance (0 ,

10, 25 and 50 m) . This enabled us to Botermine at

which Bistance to [he ditch an individu al was

caught before .

Some of the ditches had a paved path that ran
parallel to it . We Bid not sample at the path lido

x x
x x

x -
x x

x x
x -

of a ditch since a path may be a barnier to small
mammals that avoid open areas .

The grasstands veere divided into management

units with different grazing and mowing regimes

with no consistent differences boswoon reed and

control sections . To erevent cattle from disturb-

ing the snaps and its immediate surroundings ,

moral frames veere etseed over the capture points

(lee allo La Haye 1999) .

Sward height is an important habitat quality

feature for common voles . Short grasstand offers

liftte cover for predators and is ty pically associat-

ed with relatively love vole densities (van Wijn-

gaarden 1957b , Cornelissen et al . 1997, review in

La Haye 1999, Boomster & Vulrok 2001 , E. S .

Bakker, unpublished data) . To check for consis -

tent differences in sward height in the grasstand s

adjacent to reed and control sections we mea -

sured the height at 10 locations (capture points )

Huijser et al . / Lutra 2001 44 (1) : 23 -40 29



10

8
a
H C

6

D 9 4

2

0

Figure 2 . Species richness of mammal s in the control
(n = 3) and reed sections (n=3) at the Tureluurweg s ite
in 1993 , 1994 and 1995 . The s pecies richness wa s ex-
pres sed as the average number of mamma) s pecie s

recorded per ditch s ection .

per section . Sward height was measured by

lowering a circular foam disk onto the sward

and its height was read from a measuring stick

in the tentre of the disk . The sward height of

the grasslands adjacent to reed sections was

similar to that of the ones adjacent to control

sections (ANOVA with block structure to correct

for variation caused by differences between the

ditches, 2-tailed, P=0.988) . The average height

along reed sections was 8 .27 cm whereas it was

8 .28 cm for Chose adjacent to control sections .

Apart Erom the captures on the trapping lines

we allo recorded incidental observations of

mammals in the area .

Analyses

Tureluurweg sit e

We calculated the total number of species ob-

served in and along the six ditch sections (3 reed

s ections , 3 control sections) between 1993 and

1995 . We used an ANOVA with block structure
for the disches to test whether species richness of

the reed and control sections differed . However,
the data veere first transformed to a logarithmic

sca l e (In (number)) . The block structure of the

ANOVA co rrected for variation caused by dif-

ferences between the ditches .

We also determined the effect of ditch man-

agement on the abundance of the four most fre-

quently observed mamma) species . First we cal -

culated the average number of individuals for

each of the six ditch sections (all trapping peri-
ods and years combined) . Then we transformed
the data into a logarithmic scale : In (number) .
For [he common shrew a smal) value was added

to be able to transform a 0-value : In (number +
0.1 ) . The effect of ditch management on abun-

dance was determined through an ANOVA with

a block structure (ditches) .

For common voles possible differences in sex

ratio between the reed and cont ro l sections veere

Table 2 . Incidental ob servations of mamma) s pecie s species at the Tureluurweg and Waiboerhoeve s ite . ' =
s pecies already ob served along trapping line or monitoring route ( see table l), only indirect evidence through
e .g . track s , faeces, nest or burrow . x = observed , - = not ob s erved .

T ure lu urweg W ai boerh oeve

(1993-1995) (2000)

Hedgehog (Erinaceus europaeus)

Common mo l e (Talen europaea)

Com m on p ip istr e lle (Pipistrellus pipistrellus)

Pond bat (Mvutis dasycne m e )

B a ts, un kn ow n spec i e s

E u ropean hare (Lepus europaeus)

R abbit (Orv(-to kigus cuniculus)

Northem water vole (Arvicola tenestris)

M uskrat (Ondcurn zibethicus)

House mouw (Mus musculus)

Norway rat ( Ra~ norvegicus)

Red fox (Vulpel vulpes)

x

x

x
x

x

x
x

x
x
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analysed with a log odds ratio, and differences

veere tested for significante with a subsequent Z-

test . We allo tested for the effects of ditch man-

agement on the weight of male and female com-

mon voles (ANOVA) .

Waihoerhoeve site

We calculated the total number of species caught
in and along the 12 ditch sections (6 reed sec-

tions, 6 control sections) in 2000. We used an

ANOVA with block structure for the ditches to

test whether species richness of the reed and con-

trol sections differed . However, the data veere

first transformed to a logarithmic scale (In (num-

ber)) . The block structure of the ANOVA cor-

rected for variation caused by differences be-

tween the ditches .

For the three most frequently recorded species
and all species combined, we analysed the effect

of ditch management on the number of individu-

als . For these analyses we excluded recaptures

on the same trapping line . The analyses veere

similar to those described above, involving a

transformation (In (number + 0 .1)) and an ANO-

VA wi[h block structure (ditches) .

For the common vole and all species com-

bined we also determined possible differences in

numbers between the ditch sections (0 m) and

the grasstands (average of 10, 25 and 50 m) (In

(number + 0.01), ANOVAs with block structure

for the disches) .

To defect possible differences in the sex ratio

of common voles between the two ditch manage-

ment types and ditches (0 m) versus graseland

(average of 10, 25 and 50 m) a log odds ratio was

calculated and differences veere lesled for signif-

icance with a subsequent Z-test. When no signif-

icant differences veere found for disches versus

graseland an additional analysis was done . This

involved a comparison of the sex ratio along the

ditches (0 m) with the average of the two trap-

ping Tines that veere beyond the radius of the

home range of common voles (25 and 50 m). We

allo tested for effects of ditch management and

Bistance (0 m versus the average of 25 and 50 m)

on the weight of mate and female common voles

(ANOVA) .

42
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Figure 3 . The abundante of the four most frequently

caught mamma) s pecies at the Tureluurweg s ite
(ANOVA s , 2-tailed , *=P<_0 .05, * * =P<0. 01 , ns = not
s ignificant) . The total number of captures was 1099 for

the common vole, 131 for the harvest mouw, 45 for

the common s hrewand 74 for the wood mou w .

Results

Species richness

In total 16 mamma) species veere observed at the

Tureluurweg site during various trapping ses-

sions and sampling of monitoring routes (table

1) . Reed sections had higher species richness

than control sections (figure 2 ; ANOVA, 1-

tailed, P<0 . 05) .

At the Waiboerhoeve site six mamma) species

veere captured in the [raps (table 1) . We found

higher species richness in the reed sections (3 . 0

species on average at 0 m) than in the control

sections (2 . 2 species), bus the differente was not

significant (ANOVA, 1-tailed, P=0. 143) . The

large scale agricultural landscape of Flevoland i s

also home to other mamma) species (table 2) , bul

these incidental observations could not be in -

cluded in our analysis for species richness of the

reed and control sections .

Mamma) abondance

At the Tureluurweg site almost eight timer more

common voles veere present in the reed sections

than in the control sections (ANOVA, 1 - tailed ,

P<0.01) (figure 3). Harvest mi ce (Mrcromys
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Tabl e 3 . Weight of mal e and female common v ole s in the control and re ed se ction s at th e Tureluurweg (0 m) and
Waiboerhoeve site (0, 25 and 50 m combined) (ANOVA s, 2 - tailed P-values) .

Reed Control
Weight (g) (n) Weight (g) (n) P

T ure l uurweg

June

Maler 21 .03 138
Females 20 .08 175

Oc tobe r

M a l er 16 .52 30 8
Female s 16 .67 363

24 .56 31 0 . 037
22 . 41 38 0 . 06 1

16.76 33 0.72 2
16.82 26 0.846

Waiboerhoeve

Oc t ober

M aler 1 9.78 16

Fema l es 1 7.62 17

16 .46 13 0 . 054
1 8 .80 5 0. 61 0

minutus) (P<0 .05) and common shrews (Sorex

araneus) (P=0 .077) veere allo more abundant in

the reed sections, hut this was marginally in-

significant for the second species . Catcher of

wood mice (Apodemus sylvaticus) veere higher

in the control sections than in the reed sections,

but the differente was not significant (ANOVA,

2-tailed, P=0 .537) . Here a 2-tailed ANOVA was

appropriate since the direction of the effect con-

tradicted our original hypotheses .

At the Waiboerhoeve, the number of individu-

als for all species combined was higher along

the ditches (0 m) than in the adjacent grass-

lands (10, 25 and 50 m combined) (ANOVAs, 1-

tailed, reed P<0.05; control P<0 .05) (figure 4) .

The reed sections also had more individuals at 0

m than the control sections (P<0 .05) . Differ-

ences between the reed and control sections in

the adjacent grasstands veere not significant

(ANOVAs, 1-tailed, 1 0 m: P=0.182; 25 m :

P=0 .363) . For 50 m a 2-tailed ANOVA was ap-

propriate (P=0.178) rente there veere more indi-

viduals in the control sections than in the reed

sections .

The common vole was the most frequently

caught species at the Waiboerhoeve site (n=54

excluding recaptures, 46% of total) . The mean

number of common voles caught per section was

allo higher along the ditches (3 .1 on average for

reed and cont ro l sections combined) than in the

adjacent grasstands (0 . 47 on average for 10, 25

and 50 m), but this differente was margina ll y in-

significant (ANOVA, 1-tailed , P=0 . 065) . When

this analysis was conducted separately for reed

(4 . 3 at 0 m ; P=0 . 174) and control sections (1 .8 at

0 m; P=0 . 179) the differente between the ditch-

es and the grasstands wa s allo not significant .

An analysis that excluded the data trom the 10 m

trapping line was not useful since [here veere

fewer common voles there than at 25 or 50 m

distante . Differen ces between reed and control

sections in the adjacent grasstands at 10 m

(P=0 . 443) and 25 m (P=0 .134) veere a l lo not

signi ficant (ANOVAs, 1-tailed) . At 50 m there

veere more common voles adjacent to con tr ol

sections (0 . 7) than adjacent to the reed sections

(0) (ANOVA, 2 - tailed, P=0 . 078) . Harvest mice

(23 individuals in total) and common shrews (21

individuals) occu rred mostly or only along the

ditches . At 0 m the mean number of harvest mise

was higher in the reed sections (2 . 7) than in the

control sections (1 . 0) , but this differente was not

significant (ANOVA , 1 -tailed, P=0. 143) . Har-

vest mice veere recorded on the grasstands only

once (at 10 m) . Common shrews occurred only

at 0 m and veere more abundant in reed sections

(2 .3) than in contro l sections (1 .2) (ANOVA, I-

tailed, P<0 . 05) .
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On the Waiboerhoeve site all recaptures veere

on the same trapping line as the individuals veere

first caught on . However, [here was one excep-

tion for a greater white-toothed shrew (Crocidu-

ra russula) . The individual was first caught

along a ditch (0 m) and later recaptured at 25 m

distance from that same ditch.

Sex ratio of comm o n vo le s

At the Tureluurweg site there was no difference

in sex ratio for common voles between the reed

and control sections in June (overall m :f =

1 : 1 .29 ; 1 -tailed Z-test, P=0.473) . In October we

found relatively more females in the reed sec-

tions (1 :1 .16) [han in the control sections

(I :0 .85), but this difference in sex ratio was mar-

ginally insignificant (P=0 .059) . For March there

veere insufficient numbers to calculate a sex ra-

tio . The differente in sex ratio between reed and

control sections for June and October combined

was also not significant (overall 1 :1 .19; I-tailed

Z-test, P=0.272) .

At the Waiboerhoeve site the sex ratio along the

ditches (0 m) was nearly equal (1 :1 .06) . Although

not significant (I -tailed Z-test, P=0 .121), there

veere relatively more females in the reed sections

(l :1 .36) [han in the control sections at 0 m

(1 :0.57) . In the grasslands (1 0, 25 and 50 m com-

bined) [here veere relatively more males than fe-

males (1 :0.42), bul the number of individuals was

too love to allow for a test between reed and con-

trol sections . There veere relatively more females

along the ditches (overall 1 :1 .06) than in the

grasstands (overall 1 :0.42) (10, 25 and 50 m com-

bined), but the differente was marginally insignif-

icant (I -tailed Z-test, P=0 .057) . However, when

the captures at the 10 m trapping line veere ex-

cluded, the P-value dropped to 0 .016 (I-tailed Z-

[es[) and the sex ratio in [he grasstands was even

more strongly male-biased (overall 1 :0.27) .

Weigh t of comm on vo les

For the Tureluurweg site we investigated the

main effect of ditch management (1993, 1994

and 1 995 combined) (table 3) . Data from March

m
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Figure 4 . The abundance of smal] mammals (all
species combined) in the reed (n=6) and con trol sec-
tions (n=6) and on the adjacent production grasslands
at the Waiboerhoeve s ite (ANOVAs , 2-tailed, * = P
:5 0 . 05 , ns = not significant) . The total number of indi-
viduals caught was 117 .

veere excluded because of love capture numbers .

In June, male common voles weighed lens in the

reed sections than in the control sections . This

was allo tree for females, but here the differente

was marginally insignificant . Both results con-

tradict our initial hypotheses . In October [here

veere no apparent differences in weight between

the reed and control sections .

For the Waiboerhoeve site there was no signif-
icant interaction between ditch management and

distante (0 m versus a combination of 25 and 50

m) (ANOVAs, 2-tailed, males P=0 .211, females

P=0.444) . The main effect of distante was also

not significant (males P=0 .533, females P=

0.895) . We did however find that males in the

reed sections and the adjacent grasstands (0, 25

and 50 m combined) veere heavier than those in

and adjacent to the control sections (ANOVA, 1-

tailed, P=0 .027) (table 3) . For females there was

no indication of differences in weight related to

ditch management .

Di sc uss ion

Sp eci es richness and abundante

The reduced clearing frequency of the ditches

was beneficial for the species richness and over-
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all ubundance of mammal s . For common vole s,

common shrews and harvest mice we could allo

show an increase in abundante on the species

level on at least one of the two study sites . This

seems to be related to vegetation structure . The

vegetation in the reed sections was taller and cov-

ered more of the soil and litter layer than in he

control sections (Remmelzwaal & Voslamber

1996) . However, different mammal species may

have responded to different factors . We discus

these for the common vole , harvest mouw, com-

mon shrew and wood mouw .

The common vole benefited strongly from the

reduced clearing frequency of the ditches at the

Tureluurweg site, whereas the response was less

strong and ve ry variable at the Waiboerhoeve

site . The grassland buffer zones that lay adjacent

to the ditches at the Tureluurweg site could ex-

plain this differente . On these buffer zones no

fert iliser or manure was applied and domesticat-

ed herbivores veere absent . Thus the grassland

buffer zones did not have the high in- and output

levels of the production grasslands at the Wai -

boerhoeve site . Since non-intensively managed
grasslands and high - intermediate sward heights
are associated witti high vole densities (van

Wijngaarden 1957b , Co rnelissen et al . 1997, re-

view by La Haye 1999, Beemster & Vulink
2001, E . S . Bakker, unpublished data), the pres -

ence of graseland buffer zones could explain the

abundante of common voles caught in the reed

sections at the Tureluurweg site and the relative-

ly weak response along the ditches at the Wai -

boerhoeve site .

Although the grasslands of the Waiboerhoeve

site veere divided into management units witti

different mowing and grazing regimes , the aver-

age sward heiglit of the grasstands adjacent to

the reed and control sections was almost identi-

cal (see methode) . Thus sward heiglit is unlikely

to have confounded our study design . Apparent -

ly the intensively used grasstands and short

sward heiglit (about 8 cm) did not permit high

population densities of the common vole . We

veere also unable to demonstrate an effect of

ditch management on relative population density

in the grasstands .

The harve st mouw al lo benefi[ed fi-om the re-

duced clearing frequency of the disches . Ha rvest

mice veere almost totally rest ri cted to the disches

and reed sections had the highest numbers . Har-

vest mice have a strong preferente for relatively

high vegetation dominated by reed or other high
grasces and herbs (e .g . Ylánen 1990, Lange et al .
1994, Churchfield et al . 1997, Cornelissen et al .
1997) . Ha rvest mice spend much of their life off

the ground and attach their nests to tall reed

sterns or other vegetation (Lange et al . 1994) .

The reed sections had tall reed sterns available

year round which explains the positive effect of

the red uced clearing frequency of the ditches on

harvest mice .

The common shrew occurred only along the
disches . Other studies also indicated that this

species has love population densities in crops or

grasslands (Loman 1991 , Reeve & Jones 1996) .

Fu rthermore, the presente of water in the disches

may have had a positive effect on the abundante

of common shrews (see Kotzageorgis & Mason

1997) . Common shrew population density is re-

lated to the availability of food (Ivanter &

Makarov 1994), and since inve rtebrates veere

most abundant in the reed sections (Rem-

melzwaal & Voelamber 1996), this could ex -

plain why more individuals veere captured

there .

The wood mouw is a common species in ag ri -

cultural areas witti trope, bus hedgerows and oth -

er wooded vegetation se rv e as refugia in winter

(Alcántara & Te ll eria 1991, Loman 1991, Ylá-

nen et al . 1991, Montgome ry & Dowie 1993,

Tew & Macdonald 1993, Kotzageorgis & Mason

1997, Macdonald et al . 2000, Ouin et al . 2000) .
The relatively high number of captures at the

Tureluurweg site and love numbers at the Wai-

boerhoeve site are probably related to the vege-

tation on the parcels themselves . Crops can pro-

vide the wood mouw witti enough cover and

fond, white graseland is a much poorer habitat

(Montgomery & Dowie 1993) . If enough cover

is available, wood mice can su rv ive on the fields

year round (Loman 1991), but if the trope are

harvested the habitat surrounding the fields be-
comes important to their surv ival . In our stud y
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areas wooded vegetation was either very young

or absent, and the only cover available was pro-

vided by the reed sections . Although wood mice

do lens well in reed vegetation than in wondland

(Canova et al . 1994) the reed sections may have

served as winter refugia . Subsequent migration

to the fields and control sections in spang could

explain why we did not Eind an effect of ditch

management for this species .

Comm o n vo les and poss ible outbreak s

Although the reduced clearing frequency of the

ditches led to an increase of common voles along

the ditches, [here was no indication of a popula -

tion increase in the adjacent grasslands . Van

Wijngaarden (1957b) argued that three condi-

tions have to be met for a unie outbreak to occur :

1 . the presence of ditches, field margins, road

side eerges or other refugia dominated by non-

intensively managed grases and herbs (lee e .g .

Van der Reest 1992, Meunier et al . 1999) in

which the species concentrates when numbers

are low, 2 . the presence of non - intensively used

graseland with tussocks which the animale use as

a base to fu rther colonise the grasslands , and 3 . a

cluster of non-intensively used grasslands to

build up a sizeable population in an area . Van

Wijngaarden (1957b) stated that intensive grass-

land management and low sward height would

prevent the common voles from reaching ex-

tremely high densities in agricultural areas . This

does not mean that population densities no

Jonger vary (see e . g . Buker 1984), but densities

are iels likely to reach outbreak proportions . It

hal allo been suggested there is relatively little

chance of cyclic population fluctuations and as-

sociated outbreaks in heterogeneous landscapes

in temperate climate zones . These landscapes

have more generalist predators compared to the

homogeneous landscapes in the boreal and arctic

zones which have relatively simpte fond chains

(Hanski 1987, Delattre et al . 1992, Jgdrzejewski

& Jqdrzejewska 1996, Delattre et al . 1999) . A re -

duced clearing frequency of the disches in agri-

cultural areas in Flevoland would increase the

habitat quali ty of refugia, but since the manage -

ment of the -ra ss land s remain s inten s ive,

chances of outbreaks leem small . If the theo ry

conce rn ing heterogeneous landscapes holds, the

chance of outbreaks could be reduced even fur-

ther by making the landscape more heteroge -

neous through increasing woody habitats (e .g .

hedges, sma ll wondlocs, including those sur-

rounding farm buildings) and more attractive to

generalist predators such as red fox (Vulpel

vulpel), badger (toeles meies), weste rn polecat

(Mustela putorius), pine manen (Martel mar-

tes), and possibly stone manen (Martel foina) .

The red fox and weste rn polecat are common in

most parts of Flevoland, but badgers and pine

martens are colonising or dispersing into the

area ton (Dekker 2001, Muskens et al . 2001) .

In addition to the low number of common voles

in the production grasslands at the Waiboerhoeve

site, we found a male-biased sex ratio of the cap-

tured animals whereas the sex ratio was almost

equal along the ditches . In contrast to males, fe-

males can have overlapping home ranges and can

live in groups (e .g . Boyce & Boyce 1988) . This is

associated with high population densities (lee re-

view by Van Wijngaarden 1960) and is likely to

be related to habitat quali ty . The male-biased sex

ratio of the captures in the grasslands of the Wai-

boerhoeve site indicates that common voles prob-

ably found them to be poor quali ty habitat . We al-

so lacked recaptures of individuals in the

grasslands that veere previously caught along the

ditches. The above supports the hypotheses that

the chance of outbreaks remains smalt when ap-

plying a reduced clearing frequency of ditches . A

further indication of a difference in habitat quali-

ty can be de rived from the body weights . At the

Waiboerhoeve site mate common voles veere

heavier in or adjacent to the reed sections than in

or adjacent to the control sections . This could in-

dicate that reed ditches are a better habitat for

common voles than control disches and matches

with the relatively high number of females in the

reed sections at both study sites . However, this

seems to conflict with the patte rn of body weights

found at the Tureluurweg site . Here maler and fe -

males in the control sections veere or tended to be

heavier [han those in the reed sections, at least i n
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n ummer . A po ss ible explanation i s that young or

relatively low weight individual s had little oppor-

tunity of migrating at the Tureluurweg site since

the grasstand buffer zone was only a few metres

wide and bordered lens favoured arable land .

Ma nagem e nt cost s

The management colts of reed sections veere
higher tha n those of the control sections at both
the Tureluurweg (+ 17%, total colts 1 .22 Euro per
m ditch per year) and Waiboerhoeve site (+5 % ,
0 . 58 Euro per m ditch per year) . However, the
costs of the management of the reed sections at
the Tureluurweg site included the mowing of the
3 m wide gras buffer zones . When these costs
veere sub tracted, the management was con-
siderably cheaper than that of the control section s
(-42%) . The colts for the management of the reed
sections included the removal and on-farm stor-
age of the biomass . Possible colts or income de-
ri ving trom further treatment, transpo rt or use
veere not taken info account . The same applied for
the toss of production area through the 3 m wide
gras buffer zone at the Tureluurweg site . How-
ever, these non-productave gras buffer zones are
not relevant in grasstand areas .

Since the management of the reed sections

was either cheaper (Tureluurweg site) or only

slightly more expensive (Waiboerhoeve site)

than that of the control sections , it seems to be an

inexpensive way to increase natural values in

agri cultural areas . On-farm composting or the di -

rect spreading over arable land seem to be the

cheapest applications for the biomass (see Meer -
burg 2001) . On the long term ag ricultural pro-

duction could benefit through a possible increase

of the percentage of organic matter in the soit

(now ±4% ) . Such on-farm applications would

enhance the integration of nature and agriculture

at the level of individual farms .

Conc lus ion

The species richness and abundance of mammals
increased when the clearing frequency of the

ditches wa s reduced and cover remaincd on one
ditch side in winter . Small mammals, mainly
common voles , harvest mice and common

shrews, veere largely restricted to the ditches .
Only common voles veere also found in reason-
able numbers in the grasstands . Although the dif-

ferences veere not significant, common voles oc-

cu rred in lower densities in the grasstands than

along the ditches . The male-biased sex ratio of

common voles allo indicated that the intensively

used production grasstands are a poor habitat .

Although the number of common voles increas-

es with a less frequent mowing scheme of the
disches , their population density is unlikely to

reach outbreak proportions in an area as long as
the grasstands continue to be managed intensive -
ly . Fu rthermore , the reduced clearing frequency

of the ditches proved to be inexpensive, and a

rapid integration into exi sting farming systems
seems possible .
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Samenvattin g

Zoogdieren hebben voor d eel bij het minder

vaak maaien van slootka n ten in een
agrarisc h landschap

Het effect van stootbeheer op het aantal soort en

zoogdieren en hun relatieve populatiegrootte is

onderzocht op twee locaties in een grootschalig

agrarisch landschap in Flevoland , Nederland .

We vergeleken twee typen slootbeheer. Het eer-

ste type stootbeheer bestond uit het twee keer per

jaar maaien van beide slootkanten met een kle-

pelmaaier, de biomassa bleef vervolgens liggen

(controle secties ; n=3 voor Tureluurweg locatie,

n=6 voor Waiboerhoeve locatie) . Dit resulteerde

in een korte slootkantvegetatie in de winterperio -

de . Het tweede type stootbeheer bestond uit het

afwisselend maaien van beide slootkanten in op-

eenvolgende jaren, de biomassa werd afgevoerd

( riet secties ; n=3 voor Tureluurweg locatie, n=6

voor Waiboerhoeve locatie) . Hierbij bleef dek -

king van vooral riet (Phragmites australis) aan

één stootzijde aanwezig gedurende de winter .

We bepaalden het aantal soorten zoogdie-

ren en hun relatieve populatiegrootte door

zichtwaa rnemingen op monito ringroutes (Ture-

luurweg) en vangsten direct naast de sloten (Tu-

reluurweg en Waiboerhoeve) . In het Waiboer-

hoeve gebied vingen we bovendien kleine

zoogdieren op de intensief gebruikte produc-

tiegraslanden die naast de sloten lagen (extra

vanglijnen op 10, 25 en 50 m van de sloten) . Het

aantal soo rten zoogdieren en hun relatieve popu-

latiegrootte was het grootst in riet secties . Kleine

zoogdieren, vooral veldmuizen (Microrus arva-

lis), dwergmuizen (Micromys minutus) en bos -

spitsmuizen (Sorex araneus), waren grotendeels

beperkt tot de vegetatie in de sloten en namen op

tenminste één van de locaties toe door het exten -

siever maaibeheer. A ll een veldmuizen werden

ook in redelijke aantallen op de graslanden zelf

aangetroffen . Hoewel het verschil niet signifi-

cant was, was hun gemiddelde dichtheid op de

graslanden lager dan in de sloten . Een ongelijke

geslachtsverhouding van de veldmuizen op de

intensief gebruikte productiegraslanden, me t
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naar verhouding veel mannen, vormt ook een

aanwijzing dat deze een marginaal habitat zijn

voor veldmuizen .

Hoewel veldmuizen toenemen bij het minder

vaak maaien van slootkanten lijkt de kans op pla-
gen niet groot zolang de graslanden intensief ge-

bruikt worden . Het minder vaak maaien van

slootkanten was iets duurder (+5 %) in het Wai-

boerhoeve gebied, maar goedkoper (-42%) in het

Tureluurweg gebied . Lage beheerkosten, een ge-

ringe kans op veldmuisplagen, en mogelijk posi-

tieve effecten van riet biomassa op het percenta-

ge organische stof in de bodem (door compost of

het direct verspreiden over akkers) kunnen zorg-

dragen voor een snelle integratie van een natuur-

vriendelijk slootbeheer in bestaande bedrijfssys-

temen .
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Short Note

First record of the beaver Castorfiber in Luxembourg
since at least the 19th century

Laurent Schley', Luc Schmit z2 & C laude Schanck'

'Service de la Con s ervation de la Nature, Direction des Eaux et Forêts, B .P. 2513 , L-1025 Luxembourg,
Luxembourg, e-mail : laurent . schley@ef. etat .lu

' Maison 25, L - 9645 Derenbach, Luxembourg ; ' Maison 86 , L-9645 Derenbach, Luxembourg

On January 25th 2000, the second author discov -

ered an animal path in a st rip of grasland next to

the rivet Clerve in the north of Luxembourg . The

path ended in the rivet in one direction , and in a

strip of forest in the other direction . In the forest

strip, he discovered an aspen tree (Populus trem-

ula) of 29 cm in diameter, which had been felled

(figure 1) . Tooth marks veere clearly visible on

the tree . Until December 2000, the rivet Clerve

was inspected closely several times by the first

and third authors ; at nearly every visit, freshly

felled trees veere found, va ry ing in diameter from

1 to 43 cm . On December 16th 2000, a photo -

graph of a large animal was taken near one of the

fe ll ed trees (figure 2) . The conclusion was that

there was a beaver (Castorfiber L . , 1758) pre -

sent on the rivet Clerve (figure 3) .

I[ is not clear when the beaver became extinct

in Luxembourg, hut according to maps presented

by Véron (1992), the species existed in out re-

gions until the 17th centu ry . However , the last

record of a beaver in neighbouring Belgium dat -

ed from 1848 (Lange et al . 1986), so the species

may also have survived in Luxembourg until the

19th centu ry . Therefore, to out knowledge, the

individual on the Cle rve is the first free-living

beaver in Luxembourg since at least the 19th, hut

probably since the 18th or even the 17th centu ry .

The question then arising is where this animal

Game from . One possibility is that it has migrat-

ed from a small population from the rivet Rur

close to the border between Germany and Bel-

gium (Huijser & Nolet 1991) . However, it seems

more likely that the beaver originates from a

reintroduction project undertaken in Belgium,

where around 120 beavers have been reintro-

duced since 1998 without authorisation from the

Belgian authorities ; all Chose beavers leem to

originate from the population in Bavaria, Ger-

many (J . Stein, personal communication) . The

population closest to the Belgium-Luxembour g

O 2001 Vereniging voor Zoogdierkunde en Z oog-

dierbescherming . Lutra abstract a on the internet :

http: //www . vzz . n l
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F i gure 1 . Aspen t ree (Populus tremulci) fe l led by

beaver (Gastor fiber) on the ri vet Clerve (Luxem-

bourg) . Photograph: Laurent Sch/ev.



border, just no rth of Houffalize, which cu rrently

holds an estimated 30 individuals (B . Manet ,

personal communication), is around 22 km from

the site on the river Clerve . This is thus well
withm the maximum migration distance of 170

km observed in beavers (Heidecke 1984), and

much closer than the population in the German -

Belgian border region on the river Rur . Also , the

timing of the appearance of the beaver in Lux -

embourg supports the idea that it came from the

recent unofficial reintroduction into Belgium .

Even though the habitat does not seem optimal

for beavers on the river Clerve, the beaver was

sti ll present there a year after observation of the

first signs .
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Samenvatting

Eerste waarneming va n een beve r

(Gasto rfiber L., 1758 ) in Luxemburg

sinds d e 19e eeuw

Op 16 december 2000 is een bever (Gastor fïber
L ., 1758) gezien in ri vier de Cle rve in het noorden

van Luxemburg . Al aan het begin van datzelfde

jaar werden rond de rivier vraatsporen van bevers

aangetroffen . Voor zover bekend is dit de eerste

bever in Luxemburg sinds de 19 1 eeuw, en wel -

licht zelfs sinds de 18 1 of 17° eeuw . Het lijkt waar-
schijnlijk dat de bever afkomstig is van een popu -
latie bevers net ten noorden van Houffalize in

België, waar sinds 1998 illegaal bevers uit
Beieren (Duitsland) zijn geïntroduceerd .
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Recente Publicatie s

Publicaties over recente zoogdieren van België
verschenen in de jaren 1998-2000

Met aantekeningen betreffende genera en onderwerpen
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Introductie: Elke referentie wordt gevolgd door

codes die de behandelde onderwerpen en genera

weergeven (zie Appendix, tabel 1, 2 en 3) . Wan-

neer een publicatie niet is gezien, of slechts een
samenvatting is ingezien, is dit eveneens met

codes aangegeven .
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Vrelust , T. 1998 . We ek e ndje braaksel . Fiti s ( JNM -Ne-

teland) 26 ( 3): 4-5 . (apo, cle, cro, mir, mut, sor;

VE )
Vrelust, T . 1998 . Zoogdie ri nvent arisatie in onze afde -

ling : een standje van zaken . Fitis (JNM - Neteland)
26 (4) : 4-7 . (cap, chi , cro , ept , eri, Iep , mel , mie,

mir, mu s , mut, nyc, o ry, pip, rat, sor, tal , vul ; VE )

Wagenrans, F . 2000 . De come- back van de zeehond in
de Schelde . Natuur en Ruimte 7 (3) : 2 - 3 . (pho;
V E )

Waumans, F. 1998 . Vleermuizen in Poekepark . Elio-
mys 23 (1) : 18 -24 . (e pt , m y t, n yc, pip, pl e ; EC,
V E)

W a ut e rs, L . A . & A . A . Dh ondt 199 8 . Vari ati un in s p a-

cing behaviour of Eura sian red squirrels Sciurus

vulgaris in winter : effects of density and fond

abundan ce. In : M . A . Steele, J .F. Merritt & D . A .

Zeger s (eds . ) . Ecology and evolutiona ry biology

of tree squirrels : 71 - 78 . Special publication no 6 .

Virginia Museum of Natural Hi s tory . (NG )

Wiele, S . van 1999 . Stadsrat s mult van s luiksto rt . Ga-
zet van Antwerpen 24 maart . (rat ; AL, SC, TE)

Wijden, B . van der 1999 . Belang van holenty pe en be-
s tandsstructuur voor de kolonieplaatsselectie van

boombewone n de vleermuizen (Mammalia : Chir-

optera). Eindverhandeling Faculteit Landbouw-

kundige en Toegepaste Biologische Wetenschap-

pen . Univers iteit Gent , Gent , België . ( apo, eli ,

mar , muc , myt, nyc, pip , ple, sci ; BE, EC, VE )
Willems , W . 1999 . Vleermuizen op kerkzolders in

Midden-Limburg . Likona jaarboek 1998 : 93 -99.
(ept , pip , ple ; BE, TE, VE )

Zeevae rt , A . 1999 . Bescherming van de da s in Vlaan-
deren . Likona jaarboek 1998 : 89-91 . (mel ; BE,
TE)

Zooggdierenwerkgroep Jeugdbond voor Natuurstudie

en Milieube s cherming & K . van den Berge 1999 .

Zoogdieren . In : E . Kuijken (ed . ) . Natuurrapport

1999 . Toestand van de natuur in Vlaanderen : cij -

fers voor het beleid : 45 -47 . Mededelingen van het

Instituut voor Natuurbehoud 6 . Instituut voor Na-

tuurbehoud, Bru s sel , België. (chi, cri, mar, mel,

neo; AL , BE )
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App endix

Tabel 1 . Algemene codes .

Niet verkrijgbaar, ma ar ter inzage in de bibliotheek van de betreffende instellin g
$ Hierover verschenen , in dezelfde periode, art ikelen in de meeste Belgische kranten en tijdsch ri ften

NG Publicatie niet gezie n
SG Van deze publicatie werd enkel een samenvatting gezien

Tabel 2 . Codes onderwerpen .

AL :

AN :

BB :

BE :

BI :

CH :

EC :

ET :

EV :

Algemeen

Anatomie
Bibliografie-Literatuuroverzicht
Natuurbe s cherming- Soortbescherming

Biometri e
Chromosomen

Ecologie
Ethologie

Evolutie

FY :

HE :

MO :

PA :

SC :

SY :

TE :

VE:

WE :

Fysiologie-Biochemie
Hervestiging-Introductie

Morfologie
Parasieten-Ziekten

Schade- Be s trijding
Systematiek-Taxonomie

Aantal len-Te I I i ngen-Dichtheden

Verspreiding-Voorkomen

Wetgevin g

Tabel 3 . Codes genera .

apo :

arv :

bal :

bar :

b os :

can :

cap :

cas :

cer :

chi :

cle :

cri :

cro :

cys :

dam :

del :

de p :

eli :

Apodemus

Arvicola
Balaenoptera

Barbastella
B o s

Cani s

Capreolus

Ca s tor
Ce rvus
Chiroptera spec

Clethrionomy s

Cricetus
Crocidura

Cystophora
Dam a

Delphinus
Delphinapteru s

Eliomys

ept :

eri :

eub :

equ :

fe l :

gen :

g lo :

hal :

hyp :

lag :

Iep :

lut :

lur :

lyn :

mar :

mel :

mes :

mic :

Eptesicus

Erinaceu s

Eubalaena

Equu s

F e lis

Genetta

Globicephala
Halichoerus

Hyperoodon
Lagenorhynchus
Lepu s

Lutra

Lutreola
Lynx

Mart e l

Meles

Mesoplodon
Micromys

mir:

min :
mus :

muc :
mut :

myo :
myt :

myx :
neo :
nyc :

nyt :
odo :
ond :

orc :
o ry :

ovi :

ph o :
phc :

Microlus
Miniopterus

Mu s

Muscardinus
Mustela
Myocastor

Myotis

Myoxus
Neomys

Nyctalus

Nyctereutes

Odobenus

Ondatra

Orcinus
O ryctolagu s

Ovi s
Phoca (incl . Pusa)
Phocoena

phy : Physeter

pip : Pipistre llus

ple : Plecotus

pro: Procyon

rat : Rattu s

rhi : Rhinolophus

sci : Sciurus

sor : Sore x

ste : Stenella

sus: Sus

syl : Sylvilagus
tal : Talpa

tam : Tamias
(incl . Eutamias)

tur : Tursiops
vel : Vespe rt ilio

v ul : Vulpel

zip : Ziphiu s
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Publicaties over recente zoogdieren van Be lgië
verschenen in de jaren 1 994- 1 997 (aanvul ling)

Met aan teken ingen betreffende genera en onderwerpen

Erik Van der Straeten

Univers iteit Antwerpen, Depart ement Biologie, Groenenborgerlaan 171, B-2020 Antwerpen , België,

e-mail : evds @ ruca . ua . ac . be

Introductie : In Lutra 38 (2) en Lutra 40 (2) ver-

schenen voor de periode 1991-1994 respectieve-

lijk 1995-1997 publicatielijsten over recente

zoogdieren van België. Deze lijst bevat een aan -

tal aanvullingen op genoemde publicatielijsten .

Elke referentie wordt gevolgd door codes die de

behandelde onderwerpen en genera weergeven

(zie Appendix, tabel 1, 2 en 3) . Wanneer een pu-

blicatie niet is gezien, of slechts een samenvat -

ting is ingezien, is dit eveneens met codes aange-

geven .

Berge, K . van den 1997 . The situation of the mu s telids

in Flanders : a preliminary picture . Berichte der
Naturforschenden Gesellschaft der O be rlausitz 6

(supplement) : 26-27 . (mar , mu s ; TE, VE )

Bouquegneau, J . M ., V . Debacker, S . Gobe rt & J .P .
Nellissen 1997 . Toxicological investigations on
four sperm whales s tranded on the Belgian coast :
inorganic contaminants . In : T . G . Jacques & R .H .
Lambe rt sen (eds. ) . Speren whale deaths in the
No rt h-Sea: science and management : 75-78 . Bul-
letin van het Koninklijk Belgisch Instituut voor
Natuurwetenschappen , Biologie, 67 -supplement .
Koninklijk Belgi s ch Instituut voor Natuurweten -
schappen , Brussel , België . (phy ; FY , PA )

Bouquegneau, J . M ., V. Debacker, S . Gobe rt &

J . P . Nellissen 1997 . Toxicologisch onderzoek van

vier potvissen gestrand aan de Belgi s che kust : an -

organische po ll uenten . In : Potvi ss terfte in de

Noordzee : wetenschap en beheer . Synthese : 31 .

Koninklijk Belgisch Instituut voor Natuurweten-

schappen , Brussel, België . (phy ; FY , PA )
Brochier, B . , F. Cos ty, P . Dechamps, A . Leroy, I .

O 2001 Vereniging voor Zoogdierkunde en Zoog -

dierbes cherming . Lutra ab s tracts vn the internet :

http ://www . vzz . nl

Hallet, D. Peharpre , R . Mosselman s, R . Beyer ,

1 . Lecompte, P . Mu ll ier, H . Roland, B . Bauduin ,
P. Chalon & P .-P. Pastoret 1997 . Epidémio s ur-
vei llance de la rage en Belgique : bilan 1996. An-
nales de Médecine Vété ri naire 141 : 399-406 .
(NG )

B ry s, R . 1997 . De nacht van het zoogdier, 20-21 sep-
tember 97 . De Egel 15 (6) : 4-5 . (ept , myt, nyc, pip ;
VE ; SG )

Casaer , J . 1996 . Effecten van de introductie van reeën

(Capreolus capreolus) op de vegetatie en de na-
tuurlijke verjonging in het bos t'Ename . Tussen-

tijds verslag eerste werkingsjaar . Aminal , Brussel,

België . (cap ; EC, HE ; * )

Casaer , J . & J . Cornelis 1997 . Effecten van de intro -

ductie van reeën (Capreolus cap re olus) op de ve -

ge ta tie en de natuurlijke verjonging in het bos ['E-

name . Tussentijd s verslag tweede werkingsjaar .

Aminal, Brussel , België . (cap ; EC, HE ; * )
Devi ll er s, P . & J . Devillers- Terschuren 1997 . Liste an -

notée de facteurs de distribution des mammifères
de la Région de Bruxelle s- Capitale . In : P . Devil-

Iers & J . Deviller s-Terschuren (eds . ) . Réalisation

d'un premier inventaire des mammifères de la Ré -

gion de Bruxelle s- Capitale . Ré seau d'information
et de surveillance de la biodiversité et de 1 ' é tat de

l'environnement de la Région de Bruxelles-Capi-

tale . Région Bruxelles-Capitale, Brus sel , België .

(apo, arv, bar, can , cas, eer, cle, cro, eli , ept, eri,

fel, lep, lui, mar, mel , muc, mir , mus, mut, myt ,

neo, nyc , ond, o ry, pip, ple, rat , sci, sor , sus, tal,

tam , vul ; AL , VE ; * )
Devillers, P . & J . Devi ll ers -Terschuren 1997 . Critères

d ' identification de chauves-souris de la Région de
Bruxelles-Capitale. In : P . Devillers & J . Devi ll ers -
Terschuren (eds . ) . Réalisation d'un premier inven -
taire des mammifères de la Région de Bruxelles-
Capitale . Réseau d'information et de survei llance
de la biodiver s ité et de l'état de I'envi ro nnement
de la Région de Bruxelles- Capitale . Région

Van der Stroeten 1 Lu tra 2001 44 (1) :51-54 51



Brux e ll es-Capitale , Bru sse l , B e l gi ë . (ba r , ept, my t .
n yc, pip , p le ; EC, MO ; * )

Dumont, J.- M ., P . Goffart, R . Iserentant, M . Baguette ,
L . Mousson, G . Néve & M . Waeyenbergh 1997 .
La réserve naturelle domaniale des Prés du haut
Sommerain (Houffalize) . Travaux 17 . Région
Wallonne , Conservation de la Naure , België .
(apo, arv , cap, eer, cro, Iep , mar, mir, muc , mut,
neo, sci, s or, s us, tal , vul ; VE) [zoogdieren blz .
168-1691 .

Jauniaux, T . , L. Brosens , E . Jacquinet , D . Lambrigts &
F . Coignoul 1997 . Pathological investigations on
speren whales stranded on the Belgian and Dutch
coasts . In : T .G . Jacque s & R . H . Lambe rt sen
(eds . ) . Speren whale deaths in the No rth - Sea :
science and management : 63 - 67 . Bulletin van het
Koninklijk Belgisch In s tituut voor Natuurweten -
schappen, Biologie, 67- s upplement . Koninklijk
Belgisch Instituut voor Natuurwetenschappen ,
Brus sel, België . (phy ; AN, PA)

Jauniaux, T ., L . Bro s ens, E . Jacquinet , D . Lambrigts &
F. Coignoul 1997 . Pathologische onderzoeken van
potvissen gestrand op de Belgische en
Nederlandse ku s ten . In : Potvi ssterfte in de Noord -
zee : weten s chap en beheer . Synthe s e : 29 . Konink -
lijk Belgi sch Instituut voor Natuurwetenschappen ,
Bru ss el , België . (phy ; AN, PA)

Joiri s , C ., L . Hol sbeek, M . Bossicart & G . Tapla 1997 .

Mercu ry and organochlorines in four s peren wha -

le s s tranded on the Belgian coa s t, November 1994 .

In : T. G . Jacques & R . H . Lamberts en (ed s .) . Speren
whale deaths in the North-Sea : science and ma-
nagement : 69-73 . Bulletin van het Koninklijk Bel-
gi sch Instituut voor Natuurwetenschappen, Biolo-
gie, 67-supplement . Koninklijk Belgi s ch Ins tituut

voor Natuurweten s chappen , Brussel , België. (phy ;
ET , FY , PA)

Joiris , C ., L . Holsbeek, M . Bos s icart & G. Tapla 1997 .

Kwik en organochloorverbindingen in vier potvi s -
sen gestrand aan de Belgische kust , november
1994. In : Potvissterfte in de Noordzee : weten-
schap en beheer . Synthese : 30 . Koninklijk Bel-
gi sch Instituut voor Natuurwetenschappen , Brus-
sel . België . (phy ; ET, FY , PA)

Kusters , D . 1995 . Reewildbeheer in relatie tot bos-
bouw en bosverjonging . Eindverhandeling Toege -

paste Biologi s che Wetenschappen - Land en Bos-

beheer. Katholieke Universiteit Leuven , Leuven,

België . (cap ; AL, EC, SC, VE ; * )
Laar, V . van 1996 . Summer nest sites of Muscardinus .

In : Schlafer und Bilche : 56-60. Teksten van ` Inter-
nationales Bilchkolloquium (Rodentia , Myoxi-
dae) ' . Verein des Freunde des Er s ten Deutschen

N ati o n a lpa rk s Ba ye ri sc her Wald e . V ., Duit s l and .
( muc ; VE )

Lambertsen , R . H . 1997 . Natura] disesse problems of
the speren whale . In : T. G . Jacques & R . H . Lam -
be rt sen (eds .) . Speren whale deaths in the North -
Sea : science and management : 105-112 . Bulletin
van het Koninklijk Belgisch Instituut voor Natuur-
weten s chappen , Biologie, 67-supplement . Ko-
ninklijk Belgisch Instituut voor Natuurweten -
s chappen, Brus s el, België. (phy ; FY , PA )

Lambe rtsen , R .H . 1997 . Natuurlijke gezondheidsp ro -
blemen bij de potvis . In : Potvissterfte in de Noord -
zee : wetenschap en beheer . Synthese : 34. Konink -
lijk Belgi sch Ins tituut voor Natuurwetenschappen,
Bruss el , België . (phy ; FY, PA )

Laurent, Y . & N . Irwin 1997 . Etude par échanti ll onna-
ge de la répart ition des chiroptères dans un secteur
de la Région de Bruxelles-Capitale . In : P . Devil-
Iers & J. Devillers- Terschuren (ed s . ) . Réalisation
d ' un premier inventaire des Mammifères de la Ré-
gion de Bruxelles-Capitale . Ré s eau d'information
et de survei ll ance de la biodiversit é et de I'é[at de
l'environnement de la Région de Bruxelles - Capi-
tale . R é gion Bruxe lle s-Capitale, Bru ssel, België .
(ept, myt, nyc , pip , ple ; VE ; * )

Law, R . J ., R .J . Morris, C . R. Allchin & B . R . J ones

1997 . Metals and chlorobiphenyls in ti ss ues of
speren whales (Physetermn c roc ephnlus) and other

ce tacean species exploiting similar diets . In : T. G .

Jacques & R . H . Lambe rts en (ed s . ) . Speren whale
death s in the No rth-Sea : science and management :

79 - 89. Bulletin van het Koninklijk Belgisch Insti-

tuut voor Natuurwetenschappen, Biologie, 67-
s upplement . Koninklijk Belgisch Instituut voor

Natuurwetenschappen, Brussel , België . (phy ; FY )
Law , R . J ., R . J . Morris , C . R . Allchin & B . R . Jones

1997 . Metalen en chloorbifenylen in weefsels van
potvissen (Physeter macrocephalus) en andere
walvi sachtigen met gelijkaardige voedselgewoon-
ten . In : Potvi s sterfte in de Noordzee : weten schap
en beheer . Synthe se : 32 . Koninklijk Belgisch In-

stituut voor Natuurwetenschappen, Bru ss el , Bel-
gi ë . (p h y ; FY )

Libois , R . 1997 . La biodiversité animale en Ré gion
Wallonne : état des lieux . In : J . Stein & L . Woué
(ed s . ) . La ré seau écologique . Actes du colloque
Arquenne s 8 et 9 novembre 1995 . Travaux 18 : 25-
32 . Région Wallonne, Conse rvation de la Nature,
België. (eer, fel , lep, sor, sus : AL )

Linden , Ch . vander & P. Devillers 1997 . Cartes de dis-
tri bution de Mammifères de la Région de Bruxel-
les- Capitale . In : P . Devillers & J . Devillers -Ter-
schuren (eds . ) . Réali s ation d'un premie r
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inventaire de s Mammifères de la Région de

Bruxelles- Capitale . Réseau d ' information et de
surveillance de la biodiversité et de 1 ' é tat de 1 ' en-

vironnement de la Région de Bruxelles-Capitale .

Région Bruxelle s- Capitale , Brussel , België .

(bar, ept , myt, nyc, ory , pip, ple , sci, tam, vul ; VE ;

Losnon, B ., B . Mignon, B . Brochier, B . Bauduin & P .-

P . Pastores 1997 . Infes[a[ion du renard roux

(Vulpen vulpen) par Echinococcus multiocularis

dans la p ro vence de Luxembourg (Belgique) : ré-

sultats de ('enquête effectuée entre 1993 et 1995 .

Annalen de Médecine Vété ri naire 141 : 149 - 153 .

( NG )

Motte, G . 1997 . Caracté ri sation des terrains de chasse

d ' une colonie de sérotines communes, Eptesicus

ser o tinus (Schreber, 1774) (Mammalia : Chiropte-

ra) en Loraine beige . Implication pour une meil -

leu re conse rv ation de populations . Eindverhande -

ling Biologie . Université de Liège , Liège , België .

( NG ; * )

Simmonds, M . P . 1997 . The meaning of cetace an stran -

ding s . In : T . G . Jacques & R . H. Lambe rtsen (ed s . ) .

Sperm whale deaths in the No rt h - Sea: science and
management : 29 - 34 . Bu ll etin van het Koninklijk

Belgisch In s tituut voor Natuurweten schappen ,

Biologie, 67 -s upplement. Koninklijk Belgi s ch In-

stituut voor Natuurwetenschappen , Bru ss el , Bel-

gië . (phy, tur ; AL)

Simmonds, M . P. 1997 . Walvi s strandingen : hoe en

waarom . In : Potvissterft e in de Noordzee : weten-

schap en beheer . Synthese : 1 9 . Koninklijk Bel -

gi sch Instituut voor Natuurwetens chappen, Brus-

s e l , B e l g i ë . ( phy, wr ; A L )

Smeenk, C . 1997 . Strandings of s peren whale s Phvs-

eter nincrocephalus in the No rt h Sea : history and
patterns . In : T . G . Jacque s & R. H . Lambe rt sen

(eds . ) . Speren whale deaths in the No rt h - Sea:

science and management : 15 - 28 . Bulletin van het

Koninklijk Belgi s ch In s tituut voor Natuurweten -

schappen, Biologie , 67-supplement . Koninklijk

Belgisch Instituut voor Natuurwetenschappen ,

Brus sel, België . (phy ; VE )

Smeenk , C . 1997 . Strandingen van potvissen Phvseter
macrocephalus in de Noordzee : geschiedenis en
patronen . In : Potvissterfte in de Noordzee : weten -
schap en beheer . Synthese : 18. Koninklijk Bel -
gisch Instituut voor Natuurwetenschappen, Brus-
s el, België . (phy ; VE )

Smet , W .M . A . de 1997 . Vijf eeuwen potvi ss trandin -
gen lang s de Vlaam se ku st . In : Potvissterfte in de
Noordzee : wetenschap en beheer . Synthese : 17 .
Koninklijk Belgisch Instituut voor Natuurweten -

schappen , Brussel, België . (phy ; VE )
Vertinde , R . 1995 . Zaadpredatie en - verspreiding van

eikels door muizen . Eindverhandeling Faculteit

Landbouwkundige en Toegepaste Biologische
Wetenschappen . Universiteit Gent, Gent, België .

(apo, arv , cap, eer, cie, cro, eli, eri, fel, lep, lyn,

mar, met , mir, muc , mus, myt, nyc, pip, ple , o ry ,

sci, nor, s us, tal, vul ; EC, SC , TE, VE ; * )

Vervaeke , M . 1994. Introductie - pro blematiek en ge-

dragsbiologie van de Europe se rode eekhoo rn

(Sciuru s vulgaris L ., 1758) in het Gasthui sbo s .

Eindverhandeling Toegepa s te Biologi sche Weten-

schappen - Land en Bosbeheer . Katholieke Uni -

vers iteit Leuven , Leuven , België. ( s ci ; EC, BE,

HE , TE, VE ; * )

Wauters, L .A . , J . Suhonen & A .A . Dhondt 1995 . Fit-

ness con sequences of hoarding behaviour in the

Eurasian red squirrel . Proceedings of the Royal

Society of London B 262 : 277 - 281 . (NG)

Wauters, L . A . 1997 . The ecology of the red squirrel s

in fragmented habitats : a review . In : J . Gurnell &

P . Lurz (eds . ). The con s e rv ation of red squi rrel s,

Sc iurus vulgnris L . : 5-12 . People's Trust for End-

angered Species, Londen , Verenigd Koninkrijk .

( NG )
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Appendix

Tabel 1 . Algemene codes .

* N iet verkrijgbaar, maar ter inzage in de bib l iotheek van de betreffende i nste ll i n g
$ Hierover verschenen , in dezelfde periode, arti k elen in de meest e B e l gisc he kranten en tijdsc h ri fte n

NG P ublicat i e niet gezie n

SG Van deze publ icat i e werd enkel ee n samenvatting gezien

Tabel 2 . Codes onderwerpe n .

AL :

AN :

BB :

BE :

BI :

CH :

EC :

ET :

EV :

Algemeen
Anatomie

Bibliografie-Literatuuroverzicht

Natuurbescherm i ng- Soortbe s chermi ng

Biometri e
Chromosomen

Ecologie
Ethologie

Evolutie

FY :

HE :

MO :

PA :

SC :

SY :

TE :

V E :

WE :

Fysiologie- B ioc hem i e
Hervestigi n g- I ntroductie

M orfologie

Paras ieten-Ziek ten

Sc hade- B es trijding

Sys tematiek-Taxo n omie

Aan tallen-Te l l i n ge n -Dicht heden

Verspreidi n g-Voorkomen

Wetgevin g

Tabel 3 . Code s genera.

apo :

arv :

bal :

bar :

bos :

can :

cap :

cas :

eer:

chi :

cie :

c ri :

cro :

cy s :

dam :

del :

de p :

eli :

Apodemus

Arvicola
Balaenoptera

Barbastella

Bo s

Canis

Capreolu s

Can tor
Cervu s

Chiroptera spec

Clethrionomy s

Cri cetu s

C ro cidura

Cy stophora
Dam a

Delphinus

Delphinapteru s

E liomy s

ept :

e ri :

eub :

equ :

fel :

gen :

glo :

hal :

hyp :

lag :

lep:

lut :

lur :

lyn :

mar:

mei :

mes :

mie :

Eptes icu s

Erinaceus

Eubalaena
E quu s

Feli s

Genetta

Globicephala

Halichoeru s

Hyperoodon

Lagenorhynchus

Lepu s

Lutra

Lutreola
Lynx

Ma rt e n

Meie s

Me s oplodon
Mic romys

mir:
min :

mus :
muc :

mut :
myo :
myt :

myx :
neo :

nyc :

nyt :
ode :

ond :
ore :

ory :
ovi :

pho :
phc :

phy : Physeter

pip : Pipistrellus

ple : Plecotus

pro : Procyon

rat : Rattu s

rhi : Rhinolophus

sci : Sciurus

sor: Sorex

ste : Stenella

sus: Sus

syl : Sylvilagu s

tal : Talpa
tam : Tamia s

(incl . Eutamias )

tur : Tur s iops

ven : Ves pe rt ilio
vul : Vulpen

zip : Ziphiu s

Microlu s

Miniopteru s

Mu s

Mu s cardinus
Mustela

Myocastor
Myoti s

Myoxu s

Neomys

Nyctalu s

Nyctereutes

Odobenu s

Ondatra

Orcinu s

Oryctolagu s

Ovi s

Phoca (incl . Pu sa)
Phocoen a
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Low land wetlands grazed
by hun gry h e rd s

Hungry Her d s . Manageme nt of temperate
low land wetlands by grazing. J .T . Vulink
2001 . Van Zee tot Land 66 . Rijkswaterstaat, Di-
rectie IJsselmeergebied, Lelystad. PhD thesis .
Rijksuniversiteit Groningen, Groningen, The
Netherlands . 394 pp . ISBN 90-369-1258- x

Wetlands are very important areas from a conser-

vation point of view because of their characteris-

tic plant communities and very species-rich

birdlife . Under natural conditions many wetlands

contain a significant proportion of short, open

vegetation brought about by procesnes such as

regular flooding and the working of ice which

zend to reverse successional development . These

extensive early successional short grasland

vegetations provide suitable habitat for herbivo-

rous water birds, breeding waders and vole-feed-

ing raptors . Furthermore, Dutch wetlands func-

tion as stepping stones between the vast breeding

areas in the Arctic and the wintermg areas in

Africa . The short vegetations, however, have be-

come very scarce because of man's impact on the

disturbance forces through drainage, embank-

ment and cultivation . Therefore natural function-

ing wetlands have become very scarce . Luckily

several thousands of hectares of new wetlands

have been created in the Netherlands as a spin-off
from major reclamation projects, mainly in new

polders . The management of these wetlands is

predominantly aimed at developing and main-

taining an array of vegetation types rangmg from

short open graseland vegetation to shrub and for-

est. Since the natural disturbance factors are fre-

quently absent from these new areas, active man-

agement is applied to partly maintain early
successional stages and an important manage-

ment tooi in this respect is grazing by cattle and

horsen .

Sixteen years ago, the now Dr . J .T. Vulrok took

the opport uni ty to set nut and study the question

'to what eitent grazing by large herbivoren , i .e .

catde and horsen, can retard vegetation develop-

ment in reclaimed wetlands in the Netherlands

and thus favour plant and bird species whose p re-

ferred habitat is sho rt , open vegetation' . On 27

Ap ri l 2001 he defended the resulting doctoral

thesis titled `Hung ry herds - Management of tem -

perate lowland wetlands by grazing' at the Uni -

versity of Groningen . It is a beautiful book :

glossy paper, clean figuren and tables, and con -

taining a wealth of information in its 394 pages!

Sixteen years of work condensed in sixteen chap-

ters . A thesis this size han become a rare bind in-

deed . The work is the last in a series, Galled `Van

Land tot Zee ' (F rom Land to Sea), that started in

1951 and had as purpose to document the various

aspects and e ffects of the reclamation of the

Flevopolder . Most of these studies have been car-

ri ed out under the auspices of the scientific de-

partment of the IJsselmeerpolders Development

Authorities (RIJP) and the Institute for Inland

Water Management and Waste Water Manage-

ment (RIZA) . The actual research focuses on

three subquestions : (1) What are the ecological

differences between cattle and horsen? (2) What

is the effect of ungulates on the vegetation? (3)

Can grazing facilitate birds that are confined to

different stages of the wetland habitat ?

Although the work was carried out in three

study sites, the Lauwersmeerpolder, the Greve-

lingen and the Oostvaardersplassen, most of the

work was done in the last mentioned area . The

Oostvaardersplassen (5600 ha) is a recent devel -

oped wetland in Zuidelijk Flevoland, drained in

1968, and reclaimed from the freshwater Take

IJsselmeer. The rese rve consists of a central reed

marsh (3600 ha) and a well-drained border zone

of 2000 ha, where the ungulates concentrate .

Pa rts of the rese rve used to be grazed du ri ng

nummer by domestic cattle and horsen . In 1983

Heck cattle and Kon ik horsen veere introduced

while red deer veere introduced in 1992 .
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The first s ubque stion was if cattle and horsen

differ in feeding ecology . The botanical diet com-

position and the quality of the diets selected

turned out to be very similar in the two species .

Nevertheless a few differences veere found that

can be attributed to differences in digestive phys -

iology . As typical ruminants cattle are better able

to cope with secondary plant compounds , because

they can detoxify toxic compounds in the romen,

while horsen are able to consume more coarse

grasnes because their d ry matter intake is not con-

strained by a romen bottleneck . As a conse-

quence, cattle can consume more Bamboeos nigra

(which contains a toxic component as a defense

mechanisms against herbivory) white horsen have

more of the coarse grasnes Phragmites australis

and Calamagrostis epigejos in their dief . These

differences imply different effects on vegeta-

tion development . Other differences are related

to behaviour and social organization . On average ,

horsen neen[ 4 . 5 hoorn a day more on grazing

than cattle and this resulted in a higher dry mat-

ter intake for horsen . There fore horses lost

lens body mans during winter than cattle and

they allo required lens fat reserves to su rv ive the

winter period . Impo rtant social differences are

that, white the Konik horses mainly operate in

one big herti , the social units of the Heck cattle

(solitary bups , mixed groups and bult groups) are

spatially separated . The grazing etensure of the

Heek cattle is the re fore more evenly distributed

over the whole area, white the horses have a

heavy impact on the short grasstands where they

congregate .

The second subquestion dealt with the effects

of herbivory on the vegetation . Different grazing

regimes veere compared in the two former

estuaries, Lauwersmeerpolder and Grevelingen ,

and the one inland area, Oostvaardersplas-

sen : year-round grazing at love densities (O . 1-0 .2
animals ha ' ) , nummer grazing at intermediate
densities (0 . 3-0 .5 animals ha ' ) and nummer

grazing at high densities (0 .9-1 . 2 animals
ha ') . Year-round grazing at love stocking den -

sities in reclaimed temperate wetlands was not

suitable for retaining the open vegetation stages .

For noch an effect, a high grazing etensure in

the nummer is required . At the studieti nummer

densities, it appeared possible to maintain a

short vegetation and to erevent the expansion of

ta ll grasnes, herbs and shrubs . According to

the author these densities cannot be reached by

a year - round grazing regime unless supplemen-

tary feeding is applied because the maximum

animal densities for herbivoren grazing year-

round are set by the probability of cattle and

hor ses to build up fat reserves and by feeding

conditions in winter . In spring and sum-

mer, when vegetation starts growing and plant

biomass peaks , the overwintering herbivores

are thus faced with a food abondance that sur -

passes their foraging Weeds . As a consequence,

unpalatable plant species wilt escape trom graz-

ing white plant biomass wilt accumulate at the

expense of the area of sho rt vegetation . One of

the options to overcome this problem is to con -

nect nature reserves in lowland wetlands with

large-scale nature rese rves in highland areas,

characterized by coversand soils . During sum-

mer large hertin wilt concentrate in the lowland

wetlands bot migration to higher grounds wilt

take place in winter when food becomes scarce

in the nummer habitat or conditions worsen

otherwise (flooding) .

The Einat subquestion was if grazing can facil -

itate birds that are confined to different stages of

the wetland habitat. In ungrazed areas with spon -

taneous vegetation development the total num-

ber of breeding bird species remained constant

over the years, although a continuons tu rnover of

species took place . The turnover in composition
of the breeding bird communi ty was delayed bot

not halteti by summer grazing at moderate levels .

The indirect effects of reed cover proved to be

an important factor in habitat selection of most

bird species studieti . Variation in reed cover

strongly influenced habitat selection of marsh

birds . Visfits of several foraging species like

Eurasian spoonbill , herons, waders, dabbling

ducks and some passe rines correlated negatively

with reed cover . Other species noch as foraging

liftte grebes and some marshland passerines in-

creased in numbers in relation to reed cover .
Wantering geese also reacted strongly to ree d
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cover . The area of short reed (allo low reed cov-

er) was most intensively grazed by geese and had

a shorter sward than the area of moderate reed

height . A reduction of the open grassy areas, as a

result of natural vegetation succesion, resulted

in a share decline of the preferred habitat of win-

tering geese, vole-feeding raptors and breeding

waders and thus in a decline in bird numbers .

Summer grazing strongly facilitated greylag

geese .
In the last part of the final chapter `Evaluation

and Synthesis' the author makes a plea for an in-

tegrated system approach for the management of

wetlands . The most important management ac-

tivities are the reinstating of abiotic and biotic

key procesces to let the system run . Abiotic key

processen are salinisation and flooding to restore
fertility and estuary gradients . Superimposed on

the restoration of the abiotic procesces would be

the implementation of herbivory by ungulate

herbivore assemblages, including species repre-
senting the major feeding styles such as grazers

(cattle, horsen, European bison), intermediate

feeders (red deer, fallow deer) and browsers (roe

deer, moose) . It will be clear that for a complete

assemblage sufficient space is required (while

also species-specific requirements have to be

met) . Therefore the only way forward is to create

large areas (10 000 - 50 000 ha) by connecting

nature reserves according to the Ecologica) Net-

work concept . To be able to implement this con-

cept, it is necessary to understand the ecology of

the systems involved and of their reference sys-

tems, which can act as a model for a particular

area . For this understanding to develop, Vulink

feels that we Weed more fully explore the options

of critica) field experiments and we can only

wholeheartedly underline chic statement .

Sip van Wi eren

Wageningen Universit y
Tropical Nature Conservation and Vertebrate

Ecology Group, Environmental Sciences

Bornsesteeg 69, 6708 PD Wageninge n

The Netherland s
e-mail : sip .vanwieren@staf.ton .wau .nl

Life on the edg e

Li fe on the edge. Hedgehog traffic victims and
mitigation s trategi es in an anthropogenic
landscap e . M.P. Huijser 2000 . PhD thesis . Wa-

geningen University, Wageningen, The Nether-

lands . 165 pp . ISBN 90-5808-301-2 .

Life on the edge. Hedgehog traffic victims and

mitigation strategies in an anthropogenic land-

scape forms the PhD thesis of the author. The

book is made up of eight chapters including one

that forens a wrap-up discusion of research re -

sults at the end . Three of the chapters are pub -

lished journal articles, the remaining veere sub -

mitted for publication at the time of p rinting .

Chapter 1 sets the stage for the thesis and p ro-
vides a review of hedgehog habitat, ecology, bio-

geography, the implications of human activities

(past and present) and urban environments on

hedgehog populations and fragmenting of them .

Given the increasing number of roads and vehi-

cles traveling on them in the Netherlands, road

mo rt ali ty and its demographic consequences is

of increasing concern . The author and Nigel

Reeve ank how impo rtant is traffic-related mor-

tality of hedgehogs compared to other mortali ty

sources in developed landscapes? In Chapter 2,

they review the causes of mortality of more than

12 000 hedgehogs logged at wildlife rencue cen -

tres between 1992 - 98 . On average, eve ry other

mamma) casualty was a hedgehog and 41 % of all

hedgehog deaths veere trom unnatural causes .

Although there veere inherent biaces using rencue

centre data, the authors emphasize the eitent of

unnatural mortali ty among hedgehogs should be

a cause for conce rn and may seriously debilitate

some populations locally .

Chapter 3 reports on a mark-recapture study

looking at sex differences among traffic - related

mo rtalities of hedgehogs and their body condi -

tion . Not surpri singly malen traveled greater dis-

tances , crossed more roads, lost more weight

during breeding season, veere killed on roads

more often, and had lower su rv ival probabilities

than females . Interestingly, the author and others

estimated 12% of their study population was
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killed on roads including 6% to 9 % of their study
animals .

Numerous studies have shown that roads can

have a significant effect on population densities

of large mammals , birds and amphibians . In

Chapter 4, using baited font-print tunnels the au-

thor and Piet Bergers investigated the effect of

roads on hedgehog population density . Although

a power analysis prior to start ing the work indi-

cated that only an effect greater than 35% could

be detected, 30% fewer tracks veere found in

road plots compared to controls . Confounding

factors between control and road plots may have

explained their result . Nonetheless, the authors

onderscore that road s may reduce hedgehog den-

sity by 30% or more and can affect the persis-
tence of local populations .

There is little doubt that vehicles are efficient

at killing or maiming any living thing that they

encounter in their path . Tire s , bumpers and

windshields are the agents of bodily destruction

we most readily think of, however , we tend to

forget that love undercarriages and even airflow
beneath vehicles can be potential means of

killing small fauna such as hedgehogs . In a high-

ly unique experiment (Chapter 5) we learn that

airflow underneath a car is not strong enough to

lift a hedgehog (although it can be for common

toads Bufo bufo) . Because the height of differ-

ent - aged hedgehogs varies between a crouching

and walking position, the author painstakingly

obtained those measures and contrasted them

with the average minimum clearance of 100 used

car s at a lot in Hoevelaken . Vehicle clearance as-

tonishingly was only 14 cm, however, this was

high enough 75% of the time to avoid making

contact with a hedgehog . Probably more impor-

tant than pure morphological traits are behav-

ioural ones that might make a hedgehog more or

less susceptible to collisions when caught be-

tween the headlights .

Chapters 6 and 7 concentrate on how habitat,
landscape, road, and traffic features influence

hedgehog movement in small-scale ag ricultural
landscapes and their mo rt ality on roads . Radio-
tagged hedgehogs provided information on habi-
tat selection at different stales . Hedgerows veere

by far the mo s t impo rtant habitat, for feed i ng as

well as resting, and most of their nighttime loca-

tions veere less than 5 m from hedgerows . An im-
portant result of this work suggests that hedge-

rows can be used in mitigation strategies to

reduce traffic victims and maintain habitat con -

nectivity . Chapter 7 i s a continuation of the pre -

vious chapter and evaluates by a rigorous statis-

tical approach the many other variables related to

roads , traffic on them, and the landscape they are

imbedded . Linear elements such as hedgerows ,

forest edges or gras eerges, when positioned

parallel to roads resulted in fewer traffic victims

than when placed perpendicular to roads . These

findings have impo rtant implications for plan -

ning mitigation passages and enhancing their use

by hedgehogs and other fauna . Finally, Chapter 8

summarizes the research results and provides
suggestions for mitigating road infrastructures

for hedgehogs and integrating hedgehog mitiga-

tion scheures witpin the context of larger, region-

al scale plans to defragmentize the Dutch land-

scape .

The bonk provides an in-depth look at the rela-

tionship between hedgehog populations and
roads and vehicles traveling on them . Overall,

the book is well wri tten and organ ized and

reflects the same care and penchant for details

the author shows for field data collection

and analysis . The chapters fit we ll together ,

scarcely overlap and provide an excellent

account of the cumulative effects of road net-

works on one small bot very mobile species . 1

particularly li ked the applied aspect of the re-

search , always present in the author's mind, pro-

viding options and alte rnatives for reducing road

effects on hedgehogs . The Dutch Ministry of

Transport and entire transpo rtation community

will benefit from the resuits of Chapters 6 and 7,

knowing that modifying landscape elements

such as hedgerows can be an effective means of

improving habitat connectivity for a variety of

wildlife .

Being unfamiliar with the Dutch fauna and
ecological networks, 1 was left wonde ring , what
is the impo rtante of this research other than
knowing how one species of insectivore is af -
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fected by ronds? So what if hedgehogs disappear

from the Dutch landscape or other roaded land-

scapes? What are the implications of this at an

ecosystem scale? I would have liked to learn

from the author where hedgehogs fit into the

larger scheme of things? What ecosystem func-

tion or service do they provide that merits such
an exhaustive investigation ?

The book is exceptional in that the scope of
investigation is broad covering species demo-

graphics, behaviour, landscape ecology and
mitigation planning . This superti collection of ar-

ticles will he required reading lor anyonc interes-

ted in the budding field of rond ecology, the

growing pains of transportation networks, and

"charismatic microfauna" which hedgehogs por-

tray so well .

Anthony P . C levenger

3 - 625 Fourth Street
Canmore, Albe rt a TI W 2G7
Canad a
e-mail : tony_clevenger@pch.gc .ca
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Living on the edge ha s it s di sadventages : several hun -
dreds of thou s and s of hedgehogs fall victim to traffic
in The Netherlands each year .

~; Photographs: Niels Kuo~~mnn (above),
,~ AI* Marcel Huijser (left) .
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