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Mongooses in th e Tsimbazaza Zoo and the Ranomafana National Park, Madagascar

Mario PERSCHKE

In Scptember 1995, two Malagas) brold sniped mon-
gooses 16d1tdi.1is i?r.iala) ca,ne into the boranical zoological
garden Tsimbaza4' in Antananarivo, the capilal ol Madagascar.
Thc couplc wa! caught in the eastern rain forest of Zahamena
(Dorth-earl N{idagascar). Clearly. this is the firsr rimc rhis species
ha\ bcen kcpl in a zoo (R. Wirth. pers. comm.). Ihe richly
cont tu\ t rnSly colouredanimnls l ived nrrdouble panedglasscase
nr the !i\,riunr. which was providcd wirh tree branches. sleeping
borc \. ltoncs, rnd a u oor covenrg of dned lervcs. l hey { ere ted
wirh picccs oi beef and ffeshlr- killed onc day old ohicks (two
chicks per mongoose). Thc mrle died ,rfter a shon iime. bnt rhc
lcmrle $,ai obviously healthy and lcouldoblerve and photograph
her in Octobcr rnd h'ovembef 1995. She was quitc lii.ndly. and
$a\ activc during several pans ofthe da}. UnlbrtunrGly. I heard
thrt thc itmale has also died.

'f 
he picture of lhe broxd sr.ipcd mongoo!e ff onTsimbaza7a

Zoo appeared in thc Gennan journal Ahtitsptut. Zn (No. 3.
1995). It is probably tbe first rime thar a photograph of a living
indi ! idual  o l  rh is  { t t ract i !e  species has been publ ished (R.  Wirh.

In October and November 1995, there w€re arso oucf
\pecres oi mongooses 1i!ing rr Tsimbazaza Zoo: Malagasy ring
Iailed mongoosc. Calidia elqans .[,ganr (l,l) canght near
Anjozorobe. nonh-east of Antananarivo, also Galidi! (legans
,..id.nrd1t' (l.l) caught near Morondava wcsLcm Madagascar.
and Malag!sy narrow,st r iped mongoose (M&xaor l . / l r
le.etnlinedta !1e.?,ltrcal4 (2.1). also cnughr ncrr Morondava.
These were alsokcpt in il(Nble paned glasscases in thc vivarium.
each in two outer enclosurcs (modclled concrete structures wirh
cales. Iree branches, and small island! of plarrs). lt sccms Lhrr
both spccies have been bred atthezoo lir sclcral yeafs. Offspring
ofthe rng-tiiled nr('ngoosc were born at the end of lisl ycar. bur
were probably crtcn b\r their parents.

Broad-striped mongoose. G al i rl k\ i t Jas dat a. in f \imbazaza Zoo.
Phoro: Marrc Perschke.

Free'living rirg-triled mongooscs.Cdlidia.ll]gd4Jr,l,.'td'rr.
nnd Malagasy civers, Fossa fussaaa. can hoth be observed \rell
and easily in the Ranomxfanr Natbnal Park ( south,east Madagas
car. nofth'easl of Fianarantsoa). which wrs tiNnded in 1991.
During the day. several ring-r.rilcd mongooscs stay in the sur-
rcundings of a snall crmp sile. close to its entrance. With the
bcginning ofdafkness, up to two Malagasy civcls appeaf. which
are aitricled by fricd tieces of neat. ollered by rhe M.rd.rgrscln
tour leiders. Thc aniDal! have lost rheir shyness oi humans. and
e\'en o1 hrge groups of tou.ists. and will cone \ery closc.

Wi lhr  b i to f luck.  in  the ear ly  nrorn jnghours you may even
encounLcrthe foisa. C/1?ropr../a l.&rr. along onc ol rhe path! in
the.11.600 ha-l.trge rain lbrcs! rese|ve.

Egon-Kisch-Strasse, 55, 13059 Berlin, Germany

Narrow srriped mongoose. Mungotidis rl?knlineard. in TsimbaTrTr Zoo. Photo: Nlffio Perschke.



Molecular techniques and small camivore conservation

Isabelle SCHON and Huw l. GRIFFITHS

Intmduction

Zoological nsearch has been transibrmcd with the advent
ol ncw molecular based iechniques. pxrriculafly those incorpo
rrlin! the polymerase chain rexctn,n (PCR)(Mullis & Faloona.
1987i Saiki €r a/.. 1985). Howevcr. the zoological conmuniry is
!er) nuch dilided hetween those who hrvc firsr harrd experience
ol rhc usc and application ofthese techniques and those $ho arc
asafe of their signilicancc. but have a limited undcrsranding of
rh. ways iD which they can hc applied to conservation bnllogy.
The iinr ofthc prcscnta(icle is toprovide a basic levelreview on
hbora(ory molecular techniques, lo exphin the renninolog)"
uscd. rnd 1o provide examples i11uslrlting their application lo
cdrse.\alion troblenrs. The review is di!ided into three parts:
pro!iding r hislorical background, erphining lone of rhe key
D\A lechniques rsed (chronok)gically. by order ol lirst wide
spruad usc by /oologists ). .1nd some cxrnrple\ ofrheir applicarion.

The basic problen lrcnrg non molecular biologisrs is
undchtanding the simple principlcs behind DNA-based rcchni
!ucs. coutled sith diiticuhies in knowing the technical jargon
comnr()rly cmtloyed. To nnny the brsic teflninotogy used in
'noleculafwork ls complelcllr incomprehensible, and prolides an
in\uflnounLable baffier to apprecirtun ol findings presented in
research reports.joum!1 pa['ers. and even research proposals. we
hefe a\sume rhe najoriry of reade.s are falniliar wirh the brlic
{trr.rL're ofdeoryribonucleic rcid (DNA). Those who rre not, we
r.lcr to dre various s(Lrdent lcxtbooks availdle \hich olfcr
d. r r r l .d  dcscnf t rcns (e.g.  Aiberrs ?t  d1. .1989:  Wa$on ?/  d1. .
t 9 N - r r .

Historical background
Prior ro thc 198(is, the most sophisricrlcd technique avail-

rble Io zoologists lbr gcnctic analyses was allozlmc clecrro
phoresis. This operates on ihe principlc thrt vllriants ofthe sane
protcin (albzynes) nigrate al dilicrent rates across a srarch gcl
when a currenl is ,rpplied. Although allozymc elecrrophoresis
prcvides a certain anxlunl of infornation at the alpha taxonomic
scale (especially a1 spccies levelJ, ilis of less use li'r intrapopulation
studies because ofthc often limiteddegree ol vrridion (polymor-

I ' h i . n '  '  i n ! o l ! e d .  A  m u r { , , . n e r J l  l i m , r J l r o n  r .  r h e  n { r . * i r }  r , ,  u . e
iiesh o. frozen material. With DNA brsed molecular techniqucs
thc major advantages are thal much more variatbn mry be
available, the sample need notbe fresh and rhar only very limited
quantities of DNA are rcquired.

Hnu<rer .  the l i r {  D\A hJ,ed rechnrque'  $er .  n. , r  qu c - '
flcxible. Reitriction tragncnl lcngth polytnorphisms" (RFLP'
and "DNA fingcrprintinS were among thc first available (all
these terms willbe fully described later). Bolh suffered to a degree
in rhat theyrequired fairlycomplcx protocols and the inlbrmation
rhar rhey provided was ofien dilficult to inrerpret. Since the lale
1980s lwo key developrnents have enabled researchers other ihan
sI'ecialized moleculff bnllogists to use DNA techniques. The firsr
was the advent of previously mentioned 'polymerase chain
.eaction '(PCR), and the second was the dcvcbpmenrofso-called

''unilcrsal (properly. versatilc") primcrs". Both techniques to
gelhef enabled DNA anallsis f.om poor quality specimcn!. with
no pnor sequence knowledge and. norc imponantly. no con!en
rional "cloDing". PCR and subscquent DNA sequence analysis
have also made possible Lhc DNA equivalenl of allozyme clc.rro
phoresis. i.e. -microsrlellitcs. . and have facilitared the improved
use oi RIiLPs fo.large scale screenins progmnrmes

DNA techniques
I)NA extraction

Thc majoritv of DNA lechniqucs rcqui.e a very small
lissuc/DNA sample that need not ncccssarily be of good qualiiy.
Nonerhelcss. stcps shouldbe raken to prevenr srmple deSradarion
asnuchaspossib le,  e. r .  s tor ingin95E ef tanol  o.a 20 'Cf i€ezer .
A range of nonlelhal sanpling .egilne! are possible and should
ai$ay\ be coDlidered. Ear punchcs or hlood lamples nlay be
collected (e.g. trom thc lails of voles). but sioce lnamnrdran red
blood cells havc no nu.leus. the volume ofsanple rnust he larger
thar a corrcsponding srmple taken fion other \c.rcbmte grcups
(bi rd! .  Anphib i ) .  e lc . ) .Wi th DNA rechniques i t  may nol  evcn be
necessary to capture fic rnimal. Hairs (from "sticky trpc" trNl't
or elen lrc.al remains (Tabe.let & Bonver. 1992) conlain suffi-
cieDt DNA for PCR b.rse(l techniques. Finally, it is worth noting
rhar hrge numbers of specimens ltrc alailNble in museums and
othcr archilal resources and rhcsc mav also be used as sources ol
DNA. Howevef. nruseums reccive frcqucnt requests lbr tissue
sp€cinens rnd will often .equire a research proposal bcfore they
are willing to releasc pafticularly importaol specimens. Spccifi.
technical problems are associated wrth so-crllcd Nncient DNA".
patrcularly when lhe samtle is fonnaldehyde presened, so thrr
specialized cxtrrction protocols are required.

Tissue! selected as DNA sourcc malcrial are processed to
yield relalivelv purc DNA. Extracrion must be undeiakcn with a
certain amount ofcare, primNrily ro prevenr cross,conmminition

Fig. I Singlestepsofthe"polymerasechainreaclion"(PCR)(after
Schijn. 1995a)
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ofthe samples. For irrstarrce, a recent dinosaur' I)NA sequence
rurned out to be contamination by the researcher (Zischler ct //..
1995).  The exl ra. r ion method vrr ics depending on thc $urce of
ihe tis{e samtle rnrlykd. Tradiln)nrlly, DNA purification has
ir!ol\ed p()reinasc digcstn)n, li)llowcd by phcnol/chloroli)rm
e\n,r.rion to lyse cells, denalure iDtrNccllular pr)tcins. rnd frec
th. DNA. DNA cxtrrction in now bc(errchieved through the use
, i f  s inrp lcr .  sr fer  rcchniqucs:  s i l ic !  ( I Idss & Pnabo,  l99 l ) ,  cbc lex
1\\alsh ./ ,/1..1991). connefcial krts (Qiagen. Pharmacia) or
\ imt lv  hy boi l ing rn ! l iquot  o l  r issuc in  br l lcr  (Schdn,  1995r) .

In p.actice. diflereni research aims afe tulfilled by the
.\rDrinarion of dillerenl DNA types: nitochondrial DNA (mt

D\A).  ch ioroplast  DNA. and a lso varrcus nu. lear  DNA regions
rh l r  erohe at  d i f ferent  rares (e.g.  r ibosonal  or  rDNA. and
micro\.rtellile DNA). Thc dilltrcnt sc:rlcs r1 which these l)pes of
.nrrly\cs opcr.rlc are illuslrated btr Alise (199.1). We will describe
rhese in more detr i l  la ter .

t)\A-Fingerprinring
l'crhapl rhc fi6t DNA bascd technique ro allricr wides-

preud,r t tenl ion wi th in thc zook)gicr l  conmuni ly  was "DNA

IIngerprinting . a technique developed by leffrcys .r dl. (1985).

Ihe rechnique makes use ol hypcrlarirble parts of rhe nncleir

lenome, ln in isare l l i res" .  which are muhi t le  repcr t  nni rs  oIDNA
'equcnce. Minisitellire fragmeols are between I and 25 kilobases
lb=onc rhousand DNA bases) ard highly polymorphic so rha! in

rhcor). no lwo individuats (except identical nvins) will produce
rhc srme DNA palrern. Their specificity and use in forensic work
!xve risc tr) thcir nlnrc. Thc technique is now considerably easier,
rnd lingerprints have been obtained lion a widc laricry o1
't.cics. but hccatrse minisatellites are so highlv vnriable. theif
u.es in coDser!rtion ccology h!!e been litnired outside ofstudies
, , f  tarern i ty .  mrt ing sts tcm. rnd inher i l rnce.  Other  l inr i ta l ions
.!. thlt r rclari\cly largc and good quality DNA sample is
r.quircd. and rhrr it is difJicult to apply the usual statilti.al
.Lnrl)\cs (such as tesli g lbr Hardy-Weioberg Lquilibrium) be
.ru\e each DNA iragnrcnr is csscntiall) anonynxn's (i.e. ol
rn lno$n or ig in) .  AsDNA f i rgerpr int ing isamul t i  dage process.
r.inS t.chniqucs not .rpplied Io other t]_pes of DNA analy!ii, the
fr.rhods arc nor cliscussed lurtherhere (bur see review of Bruford
,  r  r l . .  l99 l i  Degnan.  l9 i l . r ) .

I'( R (Polymerase Chain Reaction)(Fig. l)
I'CR essentirll) minics in vitro rhe process of DNA

rflr.!tur (DNA making r copy ofilself). This process was first
. l ) re\  ed in  rhe lahorat i lv  h]  thc usc o l  pol ] rnerrse enzymes to
, r r ) l i i !  bacrer ia l  I )NA. Of ig inr l ly .  Lhis  rvrs a pain lu l ly  s low and
honous pRrcess.  lo  mrkc mul t ip lc  copics ofa speci l ic  region of
rf I)NA molccule (such rs i gene selecred at the staft of the
r.rlrah prograonDe). you had to use ! chain of reaclions 11
'.'.ific temperaturc londiLrms. cach cycle of which would
!Lblc lhc DNA conle t. The process rtself invdves thfee ther

'r.Lllt rssisted components. logelher tcrmcd a cyclc. The lirsl step
. rhe denaturing step. in \r'hich the DNA douttlc slrrnd i!

. . l , r ratedrn lonvosingle st r rnds at  a lcmpcrr l  u  re between93' '  and
,i ( . lhis prcduccs lwo single slranded DNA templares upon
, hirh thc polyl]1rrrse enzynre cin act. F_.or thls pufpole. it needs
.r)r.rll pa]1 ofdouble stranded DNA 10 bcgii its polymerisatron

irction. Thc lccoDd stagc thereiore is termed anneahrg' iI
.hrch a primei'. a short l)NA fragmcnt which is rrtilicially
.\nlhesized bnrds rd the l)NA fragmcnl in thc reaction. The
:nnrerbinds at thi! position, $,here ils blsc scqucnce lits wilh lhe
.rquence of thc DNA fr:rgmcnl. The reictioo solutior now

consilts oftwo tcmphlcs with primcrs auached. in solution wirh
appropfiate salts. fouf frce nuclcotidc bascs (trom which the new
sLrrnd (rn bc brilt) and the polymerase enzyme. Annealing lakes
phcc dt r rrnge of lenrperatures betweeo 37" and 65"C. In
practice. thc optimuIn annealng temperaure ior each reaction
musr be n)ught bl experinrentalion. The third stage is knos,n as
''exrension . It is during this stage rhat the plymerase enzyme
causc\ slnlhe\is of a new. complementary DNA strand from the
tenrl'latc and thc licc nucleolides. Ho$ever. al the end ofa single
cr-cle such.rs this. there is only a doubling ofthe DNA contenl of
rhc originrl rercrion. For analyticil purposes. rhis is insufficient.
v) lhe rcrctioD cycle must be repeared 20 to 35 times. each with
rn rs$ciltcd doubling of DNA contents. Afier 35 cycle\. the
anount of original DNA has been copied by severil ordcr
magnilude. and ihis abundance of DNA allows easier laboratory
handling aDd tfeahents. However. lhc sizc of a typicrl PCR
pr)dtrcr would nor normally exceed 2 kb. due to the polynerisa'
tion linrit of the enzlnre. If working with hrsc sized DN,^ Irag-
ments. special condilions must be used c.g. cloning vccrors rnd
yacs (yeast artilicial chromosomes) both of whi.h arc bcyond thc
scope oftlis article. The rnajof breatthrough ir thc harncssins of
DNA analysis in rouline laboratory studjes canrc wirh thc disco
vcry ol rhc cnrymc I/4 pol),merase. The enzyme itselfis derived
from a hot spring-dwelling bacterium :/li. !r d4!a.nrs. and is
now commcrcially available. The adv:rntage of nrq polvmemse
over lhe othcr llpcs ol p()lfmcrasc cnzr' mes alailable is its high
resistrnce to elelat.d tcmFruturcs (in the "denaruring srep of
the.ycle) that would cnsc tbc olhcrs ro denarure and lose lheir
function. Thcrcli'rc. insLcad ol adding r tresh anount ofpolynef'
ase after each I'CR cycle. /?4 polymctusc is included in rhc
reaclion mir liom lhe beginoing.

The .esuh ol PCR is a highly concentmred. hrgh pufitr-
solulion of thc rrnplilied DNA fiagment. fts size can be assar-ed
by rhe migration of r small anrounl ofthe P(lR prcduct &ross an
electricall) charged gel. lhis trocess is lcry similar ro rhar of
allozyme elecrrophoresis. but the gel is mrdc ol agrrosc, not
\tarch. Visualizalion of lhe DNA is achieved by staining wilh
ethidium bronride solution shich can bc \ccn under UV light. Size
can be assessed by conrparison with a nrixtrtrc oI DNA lirgmenls
of known size lotren tnown as r "laddcf 

). Tbcsc .trc usuall)-
constructcd on a logarithnric scrlc which gives higheraccuracy 1()
mc.tsuremenrs ol small iialments (see Fig. l).

I'rimers
The specificitl ofDNA polyme srLn)n i:.rctio is largel]

a p()ducr ol rhe pri er decrled or. Prinlell\ {re usually shorr (15

to 25 bascprirs loDg) and synihesized fbr specific purposes. Thc
choicc ol princr \ill depend or rhe targei I)NA region. This iLscli
will ofien be selected on the bdsis of alailabiliry ol published
sequences (eitfier in reserrch litcrrLue or ln prrticular DNA
seqrence data brses). Il. ibr example. thc DNA lr.tgnrcnt of
interest lies wirhin mitochdrdri.r. dal.r hrscs can be searched lor
miLochondrial sequence rhar is likel] Io h !e a high degrcc ol
s inr ihr i ty  (homologl )  $ i th  rhr l  under invest 'gatrcn.  Once r
suilrble tirgct rcgion hrs been chosen. a \ho{ leqoence of bascs
is selecred tbf use as a pfimef Prinreh rre \ynthcsized aulomati-
cally. folbwing a baie lecipe ld€rll). thcre should be sutfr
cient homology berween DNA \eqrences a!rihblc on thc dara
base and that to be inveltigated Io allos rmplilicalion lo occur.
Sul l ic icn l  d i l l t rence is  a lso requi rcJ ! )  thar  the l )NA sanrt lcs can
bc comprred and difltrences brt$ccn rhe identified. If no
approprirte DN,{ sequence darr are  rillble. it i! also pssiblc
to use "raodon prinrer fbr DNA .rmplrll.irn)n. These are very



AACCTGACTG'I'I'AACCGTCGTACOGCGCCATATACTG

4. EledbpLodiclt sprrriion oihe DNA-fngr.nk

shot primers (10 ro 15 basepai$ long) which bind n) rrndom
regions in the DNA. This procedure rs knou,n as "RAPD" (or
!crbally. "rapids'l ( 'randomly .tmtlified polymorphic DNA ).

Sequ€ncing (Fie. 2)
Sequencing is a lery conrplcx proccdure which is now

made considcrably eal ier  by the a la i lab i l i ry  of  aulomared
sequencing nrachines Unfbrrunately. such lacilities are only
.tvrilable in the largest instilutes and univefsities and are lcry
expensile to install.In pmctice. most workers musr sril1 lequence
"by hand". This is a tinre consrming procedure that cin bring
rnvcstigatofi into contacl bolh with noxious chemical reagents
and radioactive isoropes. In short. N sequencing reaction is quilc
sinilar to PCR. but the end result ofsequencnrg is a thotographic
imagc of bands rcpresenting individurl nuclcotides in their order
of assembly. (Some ol the basic uses of DNA sequencc analysis
in ecological research are discussed by BLrtlin & criftirh\. 1995).

'lhe 
first step in DNA scquencing is separating rhe double

stranded PCR producr. This can be done by various rcchniquei
c.g. rncubatjng at a high rempcrNture o nagnetic separation rsing
'''nagnetic. chenical labcllcd heads ' to which one DNA slrand
will bind. In a sccond !tep. sinilarto the PCR cyclc. a primer. rhe
lane as in lhe origin.tl rcaclion or one specilically designcd lbr
the purposc ofsequencing. binds to the singlc slranded l)NA. Also
in this lcchnique. a polymerase synthcsises a complementary
stxnd. It has a greater accuracy than dle Id./ polymerase (o
ensure lhat only r imall amount of sequeDce divcrgences arises
due to mismrtching. The great difltrencc. compared to rhe
rcacrion nir for PCR. is thc nixture of nucleotides. ln thc
seqrencing reacrion. equal sized neasurcl ol PCR producrs are
incubated wnh ditlerenl nucleotides individually (i.?. rhcrc rre
n)ur difterent complcrncrtNry reactions. one tbr eich basc). To
visualise the rerclion products at the end ot' rhe proccss, a
radrorctjvelr labelled nucleoride is included. which will provide
an inagc on an X my film. Speciiic amounrs of .hemically
modified nucleotides are also includcd. one being used in each
one oflhe lbur sep.rate feaction mixes. Every limc one of ihese
nuclcotides is incorporared by the polymerase. the enzyme stops
lnrthc. polymerisation. As this hlppens randomly- the reaction
ends with a mixture of DNA strands of diffcrent length. allowing
thejr eventuil visurlisatir)n electrophoretically. Thesc mixtures
rich in the fourbases (G. A. T C)re separatedon acrylariide gels
wh'ch have aresolutnrn ofsingle brles. After erposure oflhe gcl
to an X ray film. a pattern of tour lancs is rcvealed. Each lane
represenls oncol the four bases wifithe presence ol lhc base being
indicaled by a d,rrk spot on the lane. Th s, the prcsencc of Cuanine
will be shown by a dafk spot in the guanine lane, but nothing in
the otherthree. Thcrcfore, hy looking dowowardsftthe pattcrn of
spots on the lanes ofthe gel, it is possible to detennine the DNA
sequence from which thcy derive.

The process of sequencing nccds 10 be done in both
directions , t.". on boLh strands ofthe DNA, with the sequenccs
running in oppositc dircction from oDe another. ln rhe cltsc of
autonratic sequencing. the fbur bases are labelled with fluorescent
dyes. which are detected afier gel elecrrophoresis by a laser in rhe
machinc. Eventually. this provides r printout iDdicating the
position of lhe vanous bascs within the sequence.

S€q[€nce data analJses
DNA sequence infbrnation providcs the "rrw" data from

which analyses are made. Such daiaconsist of"chNins ofletters".
which reier to thc four blses in assembly order. Il is necessary k)

2. Sep.ntion olrhc dorble 3lntrdj pdns !trDerting

(ody one DNA sirud is shoM nos)

{ACGTGACTGCTT,IAGCGTCGTACCCCGCCATATACTG

3, P oly h.risrtion ol th. rw synrndi!.d rad

AACGTGACTCCI].I{CCGTCGI AC6CGCCCATATACTC

f__-l crcaccmTrcccrccr

f 
Il-.l 

crcacca,alrccmrc,crc

fll]]]l crcAccaarlcccrccrcc

fllJ crclcclAlr cccrccrccc

f 
Ill 

crclccMttccctccrcccc

flll]l crclccAAllcccrccrccccrc

l=l crclccllrrccctccrcccccco

l---_l crcaccaamcccrccrmcccccr

f J crcaccaarrccfl ccrcccccccra

,\. C. G. |= rDnil nuclcoridcJ (dNlPt

A. C G r = chehically modincd nuclsrid* (ddNTpO. $cii ituo,tD,!ftn ftsuns

rn tmmloi df the Flrmedsdion{.action

alioictlc lab€lled nlclelide

l-ig. 2 Single steps of r "manurl sequencing reacrion



make a conrparison of both strands (directions) fiom the same
DNA sample. This helps to guard against enors in the sequencing

troccss. once this is done. ir is possible to compare sequences
berwcen individuals. populrtions. rnd species. Specific algo
rithms alk)w computerised sequencc anltlyses, which nake the
process m uch crsier than the prev ious mcrhod in which sequences
wercconpiredby '  eyeandhand". lncompuleranalysesthemosr
commonly used packaSe is "gcg ("generics computer grout ),
which is available. liee ofcharge. frorn Daresbury. UK. The use
of thcsc programs allows thc ready alignment of similar se
quences lnd rlso rhe rever$l of sequence orientarion (if neces
!ary). ])atn thns gcnerated cao be comt.trcd with preliously
published l)NA scquences in various data b6cs. Newly generated
sequencc drl.r should be submilted lo r lbrmal DNA data blse

such a! Genebank (US National Acadcmy ofSciences) of EMBL
(Eu(,pean Molecular Bnnogy Laboratory. Heidelbcrg. Germany).

wright s F starislics also can be aptlied lo DNA sequence
dara. in a similar manncr 1o (hit used for the analysis of infbrma
rion lioln allozyme studics.

Nlicrosatellit€s
The analyljs of nicrosatellites (also olicn contusrrgly

refeffed to as VNTRS aod SSR) i! thc most recent aDd mosl
frshbnable DNA lechniqu€ thar has been deleloped. Exaclly as
in an ordinar) PCR reaction. a srnall region of the genorne is

amt l i f icd,  but  the region selecrcd wi l l  conta in h ighly  poly-
morphic. shon (rypically dimcric) DNArepeats (e.9. ACAC,\CA-

CA). These microsateliites hrve such high mutation r rc lhal they

are useful for line-scale studies ofpopularion difttrentialion and

in ltudies of very closeLy rclttled lineages. The adlanlages over

allozymes are thlt oiien rnany more !llelcs .tre present. and thar
good qualitl specimcn preservation is not requred -museu'n

preserved materialorDNA tion faeces will suilice. Howeler. the
problem Ns$cir(ed with mi.rcs{tcllites is thal new markcrs

comn nly have to be devekrped lbr each species undcr investi
gation. a p().css thal may take from three months to one ycrr.

What can molecular data tell us ?

Population size and subdivision
Allozymic te.hniqucs are weakest when cxamining diver

gence wilhin species as the levels of varirtion observed wirhin
studied populations are ofien too low (i.c. beyond the limhs of

rcsolution oflhe aoalytical technique). This is pfecisely the type

of troblem to which molc.ular geneiics data Nrc idcally suiled.

The techniques aclually utilised in phylogeny feconstruction are

discussed by Swofiord & Olsen (1990). Awide Ya.iety ofspecies
hrs thus far been investigatcd fromdillerent points ofriew. Byrne
.r a/. (1990) describe various polynorphisns tbund amongn
populations ofwoodmousc, Apodenus s\lwtit us, and bank vole.

Cldhrio glareolu!, in lreland. Schijn (1995 a.b) uses similar

pol),morphisms to examine the ellects of habitat iiagmentation

on vole (Mi.r.,tuJ) population sub(ructures. Similarly. spccies

regarded as beins highly eodangered ha're been profiled" Ibr

rheir populxrion vrriation. pafticularly when populati{)n sizes are
rcsrricred. Taylor 4 aL. (1991) investigated thc microsatellite
lari.rtion within the nonhcm hairy'nosed wombar, a species

\rhich has gone through a populalion bottle neck.

Similafstudies havc been underlaken up()nspecies such t$ thc

European brown bear {Randi er a/.. 199,1). thc black rhino (O'Ryrn

.r d/.. 1994). the Ethn)pirn wolf (Gotell i cl d1.. I 995). Sp€kes Sdzellc
(Buder er dl.. 1994). and hunrpback wh.tles (Baker ?r 41., 199.1).

Hybridization
Somc ofthe most stfiking rcsulls to emerge frum molecu-

lar studies arethose in lvhich apparently well known species have
h(rn f^Und errher  r ! '  he h)br id.  belqeen Ihe 1, , \J .  ur  compo' i le .
of scleral species of conlcrgent appearance. The most well

chara.rcrised ofthese cases is thc now notorious dispute arising
from Wayne & Jenks' (1991) study of the red wolf. Here.
molccular data revealed thc red wolf. a specics that has attracted

considcr:rble alleirlior and funding fionl the conscrvalion com-

muniry. was in fact ahybrid between the grcy wolfand the coyote.
The porcntial fbr hybridiTrtion 1o occur betwecn related species

either nnl('wing hunan habitat chlnge or ihe inroduclion of

exotic ordomesticated species. is also widely appreciltcd. Aber-
ncrhy (199i) demonstratcd cxlensive hybridization between red

deer and the introduced sik.t deer (itself possibly a hybrid).

Hughes & C.tn (1993) repofted r !inrilar case amonglt Amcrican

white tdilcd deer lodl)cocilus tiryinionus anll O. h"'nionusJ.

Recent DNA sequence .rnalyses have revealcd ll prior hybridiza
tion cvenr between Amcrican bison and crlllc (Polziehn ./ dl..
1 9 9 5 ) .

Similrr techniques are now cunently being applied ro

invesdgate the innl)gressive hybridizarion between Europcan
polecnt Mutteh ruhtius and feral ltners M. p. /xr., in Britain
(Drvison cr /1.. in prep.).

Phylogenetic reconstruction

Until rccc.tly it was commonl] thotrght lhat the bursl of

mrmnnlian radiations ca. 65 nillion ycars BP would prove r

stunbling block to resollirg ammalian phylogenctics lrom

morphological feaiures (rll groups having bcen derived at ap
pn)ximately the same time fcrur, I 9931 ). Molccuhr data are thus
perceived rs providing a robusl neans of rcconstruchng the
clolutionary history ofthc various mammali.tn groups by the use

ol traits that arc less prone to subjcctive interpretatn)n and

evolutionary conle'gcnce. Allempts lo rddress the phylogeny ol

different mamrnalian groups havc been nade by many authors,

e.g. Kuma & Miyala (1994. mammalinn phylogeny), Cao €r al
(1994. Eutheria). Vntu et al. (1994. h;gher level of arcbid
groupt, Masuda & Yoshida (1994. Mustclidae). Hoelzel cr d/.
(1991). Milinkovirch et al. (t993, Cerncea), and Graur er d/.
(1996, Lagomorpha). At r lower phylogenetic level. Beltrancidl
(1996) have looked at thc rclationships of lynx and relalive!.

showing the uniqueness of the pardel or lberian lynx, rtnr

tberl.d. in cornparisoo to Canadixn rnd European lynr. veron &

Catzefljs (1991) h.tve similarly examined the relationships ofthe

abenanf Malagasy \i\erid Cr\ptopro.td ltu-'falEt],r et al
(1994) conrparc lhc evolutionary histories oflineages of cornmon
shrcw. So/"r dfl'e&r. hy combining cytologicrl and molecular

appro cbcs.In somecases, ithas evenbeen possible lo inYestigate

tbese types ofrelationships for extinct lbrms such a! thc Tasnra-

nian wolf, by the extfaction ol DNA lrom musenm mateful
(Thomas ?r .r/.. 19891. A more detriled review of molecular

rcchniques in phyhgenctic work is giv.n by Avise (1994)- Ir is

important to note howeler. that diffcrenl DNA systems (e-g

mtDNA versus nuclear DNA) may give differcnt phylogenelic

results. For rhis reason. it is belt ro utilise two (or more) types of

analysis in tandem.

Animal welfare implications
Asidc frcm rhe ad\!nr!.!cs ofiered by nolecular work

from a purely scienrill. Ilnnr of riew. DNA lechrology has also
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Fig. 3 Electophoretic separation of DNA iD a 17. agarose gel
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some implications that are ethically beneficial. For example, the
ability ro use DNA from road-killed animals. and from mate al
such as hair rnd f.tcccs lbr analysis ncgxles ihe need to lrap. This
obviously reduces any problems ass({iated with animalhandling,
r n d  r e r n o \ e .  r n )  n e e d  t o  k i l l  u n r n r r i ' . , r  r i '  u . e  i n r r . i r e  r i ' s u c
sanrpling techniques. both ofwhich arc undesirablc ifpopularions

Howevef. a word of warnins is necessary here. Not all
DNA telhniqucs can bc applied to samples such as fiese. For
example, in thc case of facccs, thc large lmounLs of other DNA

trelent contrairdicates the use ofmitn{hondnal pnmcrs, although
micrcsatcllircs. or specics speciiic prirners. may prove useful.
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Columbian Weasel

Dave FAWCETT. Vladimir ROJAS DIAS and Hem6n MONTERO

Introduction
Thc Cohmbian Weasel Project was initiated in 1993 k)

realise a recomm€ndation in ihe the IUCN/SSC Action Plan for
rhe Conservrlion ol Mustelids and Vivenids (Schreiber e, dl.,
1989). This was to search for and study the e€ological require
ments of the Colombian weasel MusteLo Jelipet.
lN B. Unless otherwise slated. all sites mentioncd are in Colom
bir. Abb.eviations: RNP = Regional Natural Park; NNP = Nr
tx)nal Natural Park.l

Materials and methods
The projecl used wooden box live traps ofdimensions 60

x l5 x l,l cn. based on the design used by Sleeman ( 1987) tbr M
ermineo hib?nica. \|h;ch rdrprs the Whidock mechanis'n used
fot Mutteld nirtlis tJy Ki.g (1973). Non absorbent cotton wool
was provided in the trap as insulating nest material. For thc
majority of tbc sludy. the traps werc baited with sardines ortuna
from acan. The vegetable oil in which lhey were prcse.led, which
smeit particularl_v strongly. was applied 10 rhc tmp enrrance.
Maize or wheat grain was also prolided to sustain trapped small
rodents (since sone appeared to avoid eating the fish)- An initial
nial employed live five-day old chicks as brit. bul none survjlcd
the coldofthe tirst night. so tbis w:rs nolconlinued. Anempts were
latermade to use live small adulrchickensas bait, butlhis roo was
soon abandoncd. since the traps were not really of a suitable
dcsign 10 accomodrte them. For a limited period near the end of
rhc sludy, rs an additional attractant to the sardines inside the trap.
rhe gut contents of donestic rabbiis werc mashed and applied
.rfound the enlrance area of ench trap: an English gamckecpc.s'
rrcric employed srccessfully by King (l9il9i.

Thc traps wcre sct in lrdnlects at a spacing of approximately
l0O mctrcs. usually in forest, amongst or beside tree roots, logs.
hnmchcs, rocks rnd bmks {)f e.rth. (Theexceptir)n to this was the last
month of field eftbn. when tnps were widely dislribulcd iround a
lrrnrirg area. l wo to five t.aps were set - sometimes in gaps under
buildings - al each farn previously visited by weasels). Sevc l
picccs ol branch wcrc ollcn an"nged as a tuDnel" towards rhe rrap
.nlr.rnce. Large leaves were pltucd on ihc (x)fof thc r.ap (r deflect
rxin. Traps wcrc chcckcd dlily and lefl set at ! given l)cation for one
qeek on alcrage (varying fi)m r coutlc of day! to thre€ weeks).

Table 3: Species caught r1 crch study sitc

Results and discussion
Caprures were dominrted by srnall rodcnl lpecies. which

rre of interest here particularly as potential prey for wersels. Our
rr apping effons yielded orrly one weasel. a subadu h m le lr,l usteld
/r.,dtd. caughl in Ucumnri RNP on 20 Fcbrurry 1994. The tmp
$as baited wirh a dead 5-day old chick. and ser bclwccn thc Rio
( l r in  andamuletr r i l  (2 .5 k tn f rom El  Ced.a l  en.oute fbrLa
l'$lora. ahitude 2.100 m) on the gfound under low thin tree
brinches. The immediate habital appeared tobe second.rry growth
tiresl. (with estimates of cover: canopy 07.. understorey 60q.,
herb lryer 57.. f:llen trees <5E, lcal liucr and rxn mass 90./.,
bire soil5E and woody slem dcnsitics: 4.5/nr' of diamcter < I cm,
-1.8/mrof  d ianeter  l -3cm.0.3/mr of  d iameter3 l0cnr ,  0-3/mrof

Table L Study sites

N' sireDme (o odiiaier DrCanms(t Approx.altlrde5

I UomdiRNP 0.4"41 N,75'll W Renlda 2,050 2,550

2 Riosaitafad 05"03 N,76'02 W isnlda 1,150 2,2t0

I Alto&6al;pi90r 04'51 l{,75'12 W Vrh/(htu 1,800 2,050

4 t !&ade los  01 '12  [ ,76 '04W Hl i la  l70O-? ,150

5 tumlindadja.rnt 01'421i,76"03 W H! a r,700 2,100

Trblc 2, Trapping effol1 and captures

5lt Dats N"lrp [".aptuc Crptue N"rp*iri

trigNs

I tr1t94 4/1t94 679 5A 1 .4 6

) 191!94 111\t94 402 78 194 1

3 2Jl4l94 n$M 1,A72 54 50 4

4 )3t5t94 2416/94 361 6 01 1

5 1816194 13nl% 166 2 05 2

Tori t,130 tso 56 ll

N'irdividul5 lN" popim {ei$ | t&hi5)

5 l t l  5 l r  2  5 l r l  5 l €4

t l r )
r  1r)

r01rl

r41rl

I {01

l r B )

4 l

110)

5 l i l5 ) 24p0)

510)

I (0)
I10)

3 Q i

'coruedblhrnd,sidh( udd ntippinqdda



This weasel was resirainedwith an intramuscu lar iDj ectbn
of ketamine bydrochloride ( 100 mg/ml in Vetalar) at a dose of 25
mg/kg. for examination ud thc allachment of a radio tag (Biotrack
\S-2 $ i th o c lb le ' ie  r , ' l l ! r .  l .5r ) .  M{J 'uremenr.  in  mm sere:
tolal lengih 433. tail 175. hind foot 49, ear l9i body wcight 250 g.
Two ticks were removedfrom an ear and the back ofthe ncck. The
individuallt unique outli.c oflhe lightly coloured llrea on under-
side was traced dircctly onto a sheet of transparent acetale using
.r permanent marker pen. (A reference collection of these could be
reliabLy used for ind;vidual identitication should collars be shed
or as an alternalive to ear-tagging.)

As f,r as wc were aware. radio iracking ofthis species was
prcviously limited to three individuals in Nonh America (King,
1989, citcs Devan, 1982 and Vispo pers. comn.). Tracking
Muskln Jrcnata \\as dlso inrended to aid fulure lracking of M.

J;1lpsl in similar habitat. The main aim was to try and identily
hunting sites and den sites (through "honing"). Fixes were
triangulated continuously (at intervals typically less than five
minutcs) during periods of iracking effori, which were main-
tained part-time, io enable trapping for lvlustela feltpei ro .oi
tinue. Following release at the point of capture. the weasel was
tracked for three hours, first trrvelling rapidly to a half-hectare
flat area of open wet meadow on the other side of the mule trail,
doninated by herbaceous vegelation such as long grasses (lhere

was low grazing pressurefrom asingle horse). and sunounded by
shrub-dominated scrub on three sides. and by forest up stceper
slopes (o the nonh. The weaselremaincd active in and rround this
open area (perhaps hunting) beforc cnrcring rn adjacent den.
localed 250 m liom the point of caplurc. under an epiphyte ladcn
understorey tree with a very high density of tbin, low branches
protrudinginal td i rect ions.Thiswasgrowingonsoi lpackedwi th
large rocks. in agroveofsimilartrees and shrubs interspersedwith
patchcs of low scrub and herbaceous plants. This gave an overall
impression of regrowth ailer previous clear felling (almosl cop
picelike). DurinS conlinuous daytime tracking the wersel s time
was splil between the same hunting area and den on lhe second
day. bur spent entirel) in tho dcn on tbe third day- On the fourth
rnoming the weasel was tracked on a one hour sotie in thc
opposire direclion fiom the meadow. passing through a compara
bly sized area of mixed scrub. before crossing the mulc rrack to
nparian forest beside thc Rio Olnn (approx 7, kn upstream fiom
thc poinl of caprure) and eventually returning to the den via the
same r)ute. A sevcn minute so(ie was made into the same scrub
area mid-afternoon. Towards evening the weasel leli thc dcn and
contact was lost as it headed bcyond the meadow into the sieep
forested slopes below Cerro Buenavistx. Il was later lracked in
that area. travelling constantly for ove. one hour (perhaps hunting
or looking for alternrtile den site) but contacl was lost despite
overnight tracking. The weasel was briefly found back .t the
original den ar lhe slxrt of tbe lifth day, before disappearing up
the slopes where it had been lost the night before.

The weNsel was however recaptured on 26 February 1994,
approx.2 km south west oflhe o.iginalcapture siie. fbllowing the
nofth bank ofthcRioOtin. (i.e. approx. v, km along the path f.om
El Cedral to La Pastora). The nap was baited wirh sardincs. rnd
set anongst large rocks 4 In from a lmall stream approxirnarely
30m into thc Iorcslbctween the parh and rhe RioOtun- Estimates
ol habimt cover were: canopy 20'l.. understorey 40'l, herb laycr
<57. fallen trees 307., lcafliuer xnd root mass 80'/.. bare soil5'/..
overhanging rock (noss .o!crcd) Ii57.. and densities of woody
stenrs:2.5/mr ofd iamctcr<l  cm. 0/nr  of  d iamerer  l -3  cnr .0.3/m:
ot diarneler 3-10 cm. 0/m: of diatneter >locnr. The detectable

.angc ofthe radio lransmitter range was down to 60 m along line
of sight (suggesting thar lhe ballery had failed - they do not store
well). As we couldonly handlethe weasel under anaesthesia once
it became clearthat the collar had been i,ut on 1oo lightly xnd the
animal was in poor body condition. It did not .ecover fron
anaesthesia rnd laier died.

Afier this an at(empt was made to locate nest of latrine
areas within the den site and find scals and olher remains of prey
e.g., fur or feathers used to line nest. No signs were found.despite
extensive excavation, which s ggested thal it was not an eslab-
lished or well used den. Ahhough sorne taeces had been deposited
prominently on what appeared to be territorial "landmarks such
as rocks beside slreams, it was nolpossible to identify any ofthese
as weasel scais (they were often deforned by rain). Some elon-
gated pellers fbund beside the Rio OtLln were idcndfied as lhe
faeces of the tonent duck Merganetta amuta.

lnhabitants of areas adjoining study sitcswere asked which
mammals they were faniliar with. Almost all fam dwelling
people questioned had seen weasels, and usually thought of lhem
as pests. since most encounters involved predarion upon chickens
ordomestic guineapigs (or in one case. a frog). The chickens were

usually fr€e-ranging, although a few people had nighl cages on
lmooth bamboo legs, lvitb small mesh chicken wire. designed to
be inaccessible to weascls. It was nol possible to substantiate
many peoples' claims (unsolicitcd by us) that they could distin-
guish two kinds ofweasels found locally. on the basis of size and/
or colouration differences - usually one reddish-brown. one
blackish-brown (all these could be accounted lbr by individual
variatbn within M.,frsnatl see also below paragraph). Some-
times this included naming oneofthe "forms".",ndd.e/ and the
ot]cr chucui $ co,rdunbi. T\ete was however, no apparent
consistency in the combination of names with descriplions,
pe.haps because all three names arc merely the word fbr weasel
originating f.om a different language:the latter two coming lrom
distinct indigenous linguistic families and the former coming
lrom Caslillian Spanish. No description was given of the main
distinguishing fe.tures of Mustela ftenata (the black tail rip) or

/l"si (the dar* spot in the cenirc of the pale coloured ches/
rhroat). Obse.vdn)n of thcsc fexlures had not been possible at a
distance of 6 m during the one chance sigbting we had ol lwo
weasels crolsing our path, approximrtely lkm fiom El Cedral in
RNP Ucumari, shonly before dusk on 25 Nolember 1993-

On close comparison of a specimen of lelipei h the
Universidad del valle collection (A lberico, 1 994) withorrM ustela
y'erard specimen from Ucumari RNP. the lalter appeared darker
all overthedorsum (whercas Izor and de la Tore, 1978. obse.ved
the opposite in specimens elsewhere). as well as on the head and
upper neck (the dorsum ofleli/si was of a uniform coloumtion).
This was due to the darker brown colour of the /"e da s $ard
hairs, wh'ch coDtrrsted strongly with palerduller brown underfur.
The guard hairs ofthe/.?/"?i were much more rutous. as was the
less contrasting underfur (both seemed more dense ih aninJre ata).
The venters ot both specimens wcrc mostly washed witb a pale
orangccobur, being whilertowards thechin. lt is possiblc that thc

Pltpet m.ty h.rve hded slightly since capture in 1988. A faded
specrrcn of M. afri.a,ta at the Escuela Polit6cnica Nacional in

Quito was a lightcr much redder brown above and yellowed
below. although andher caught in 1989 had naintained a very
dark cotfee (notrufbus) brown do.sum and near-while venter. The
Inr<rdrr IJ l  $  ehhrng in rhe /pr l , r t  *a m(d ro b(  no Inore e \ 'en. i t  e
than that in thc te&td. As King (1989) points oul, weascls in



general are 8ood swimrners, whilst Alberico (1994) noled $ar
hunting in water bodi€s by carnivore should not bc laken as an

indicarion ol habiral restriction.

FollowinS our visit to the Nutriovo chickcn frrrn in La
Suizr. outside RNP Ucurnri. its stafT captured a malc M6131l

/;",d/zr in a sack on ll March 1994. and l(rk il !o lhe local
INDERENA centre. Nhcrc it was examined and !ideo iilmed by

Jofgc Marulanda. Javief Busr('s .tnd Victof Aliia, bcfore being

rele.ised 1ne. Mcrsurements in nlm wercr total leng(h 4'10. tail
125 (ip missing). h ind fool 52 r body weight 290g.This individual
wrs an rdu11. with testes desccndcd ltnd a high degree ot sc.tning
obs.r\cd on the iace.

One k)cal inhabitant ofthe hamlcl ofJerico (nearl'alesrina,

Huila). Aitredo Galindoz. brought us a iubadult male M!r/r/d

l;?,drri. Measuremcnls in nr|ll were: total lcngth 471. tail 201.
hind foor,19. ear 23: body wcight 265 S. He had caughr il ir a

home m{dc trap of a style in widcspread use. These lfups are

\\'ooden boxes with aslrong metalmesh crsc on the back. in which

a live chickcn is housed as a highl), tttraclive bait which wcasels

car see. hcar ancl smell. Upon entcring the wooden box k) rcach

Lhe chicken the wcrscl lriggers 3 pilot on the roof of the trap.

releasing thc door which slides shul down channels in thc box

.nrrrnce. Safe behind rhc mcsh. lhe chicken snr!i!es. whilst the
$,eascl is liable to starve. (this was the unthtuulc late of the

abole mentioned individurl. rlicr leeding u'ith raw cgg lailed lo
rcscuc il). Although many rcports ofweasels killcd by lhis method
or with dogs or guns wcrc encountered. onl] a \mall number or

:ikins scem to be kepr (as cur()s or tbr sale tbf medi.inrl use e.g..

llrinftrtility) - three wcrc lbund around Palcsrina, Huila. and one

at Casangr. ncrr Baeza. Ecuador all Mustetu lre at!1. Bol;es

were alnr)( iD!ariably discarded irrctnevnbly ' owing 1o tbetr

strong smell or supersdtion - even bcing burned to pfevent therr

Small lamplcs fbr DNA analy sis $ ere collected from rhree

Ll \tu ld lrcnalu skr]s (telilcred to the Ministry ol Environnent

collection in Bogord). for compnrison ith ru. /.lip.i md M

d/ri.rrd. 1t hrs not however. yer be.n possible to secufe matcritl

liom lhese hl1cr species lbf the rcsclrch on mustelid molccular

fhlkrgcnctics which is being carried out by Angus Drvison.
.\ntone able to p()!ide simples of thcse or any othe. poorly

known mustelid specics should contacl him al: Department of

Geretics, School of Biological Sciences, Univerlity of Leeds.

Woodhou\c Road. Leed!. LS2 9TJ, UK.

Opponunisti. chccking of museum specimen collectx'ns
around Colombia and in Quito failcd ro reveal any furlher

e\amplcs of M,sr.l.r ,&!ipet amongst specimcns labelled as

/rdndrd. (Thrcc ot' the five known specimens of M. &1i,"; had

r)nginally been labelled /i"drd prn{ to knotlledge of il".i

Funher cxplorition of Aho de Caldpago. the sitc lhere

Alberico (1994) reporied k1t.i rcvealed lhat;t is in facr at lhe
hcrdwarers of some strcxms, Quebrada Cristrlina and Quebrada
Prcilico. which drain norlhwards and n)uthwards respectively .

The flow oionc branch ofthe latrcrseemed to have bccn rflected

bv its diversion on construction ofthe road. Alto de Gal.ipago is

situated in th. Senania de loi I'araguas mounlain rangc.just 1o the

south of wherc rhis leaves Tatamn NNP. In 199'1ln
inniatedtodevclopprotection ahns fte firll iength ofthc Senania.
banning f nher fell i ng .. scttlemenl of tbresl abole 1 .800 m AS L

and dc!cloping sustainablc mrnxgement in sunoundtng zones.

Actior rnd Mrnagement I'lans wcrebeing fbrmuhrcd by MunicF
pal Committee!. Antonornous ReSional Corporations. the Envi

ronment Ministr)-� and Lhe Biopaciico programnre.

Sanh Mana. fte holotypi. hcality of Mr?rr"1a t 1i'ei. lies
just outside Purac6 NNP. rr 2.700 nl ASI- in a srccp sided fbrested
valley whcre the Rio Ma-sdclcna leaves the prrk rrom rhe Perano

de la! PapNs. weasels afe frequenrly seen afound Laguna San

R!lacl. in the nol1h oflhc park, hunting rnbbirs in pdramo habitat
(high moorland in which M. f/cnatd but not yet &l;23t, is known

to occur elscwhere in the Andes). A trail pas!ing thrcugh Sinla

Mafta in&) thc prrk lionl Quinchlnx. is an excursion from Sa
Aguslin. one of the main torrist sites in the counlq,. This cunently
prescnls lilrle pressurc and could encouragc prolection of fte

tbrestsand iI'ec Lac tr1ar landscape currcnlly lying outside rhc park.

A proposrl h.rd already been made to extend thc boundaries to

include more of Rio Claros basin. Furthcr unprotected foresr

cxrcnds below rhe I'drann) dc l.t Soledad forrbour 50 km (equiva

lent t() 3/a lhc lengrh of I'uraca NNP) tiom Santr Mrrta eanwards
alongrhera ge ofmountains where lhe eastern cordillerajoins the

.cnrrrl. ro Cueva de los Gutch.tros NNP. whcre r specnnen of

Mun?la lelry.i lon undertheadrninstrative herdquarrers cibin

wrs captured with a blrnket by INDERENA staff ln 1983 and
preserved in alcohol in Uniftm collcctnn in tsogot;i). A surley of

this lbresr might idcntily a potentially important stronghold ltr

Baeza (0" 25 S. 77' 55 W. provincc of Napo. Ecuador).

fronr which rhe American Muscum ofNatural Hi(ory has 3 1923

specinen ofMrst.kr lclirsi,lies iustoutside two huSe Ecological

Resen es, CNlambe-Coca (wb ich extcnds lo the norlh) and Anlisana
(which extends to rhe west). bolh of which contain habiLat of in

appropriate altitude range forli'/it'zi. The ffea also hrs toLemial
for conrplrrlive study ofthis spccies with its nearcsl relali!e. M
ati.dnd, which I)r Luis Albuji (per!. comm.) of the Escuela
Polir6cnica Nacional in Quilo captured in l9U9 al Huaticocha.

I.200 m ASL. near Sumaco to the louth easl. This is yel cbserto
Blezr than the previous rccord of M. afi.dnd liom the Jatun
Yacu. a lribulary of the Rio Nlpo.

Funher prolected arcds wiftin potential gcographical and

altitudinal rangc or /c/i.i include the Colonrbian NNPS of
sumapaz and Chingazr in the Eastern Cordillefa. Nevrdo de

Huih and L.rs Hernosas in lhc Cenlral Cofdillcra, and . Carananta,

I-xs Orquideas. P.lranillo. Mrnchique and Los Farallones de C.rli

in the Wcsrem Cordillera (a p.oposal has becn made to consene

habitar bctween the latter two as a biologic,tl corridoi' to
maintain !inble wildlife popularions), and NGO-run Nature Re

serves such as La Plrnada in the Nudo de los Pastos range

Addilional N ation!l Parks of potential inlerest in tcuador inchde

I'odocarpusand Saogay. which.tre already thc subjecN ofAndean

mamnral conservalioD progranmes (carnr\ores and mounlarn

tapirs respecrilel)). There rlso remain considerable areas of

fbrest of approprirte altitude ontside protectcd arers. and ot

couNe wc still ha!e no evidencc tbalJ./?ri crDnot also survrve
in farmin-s areai. as ,enzrtd clearly does. despile pemecutn'n

Concluding rernarks

Thc lact that we failed 1o lrrp MAr.rdr&/qrci should not in itself

bc seen as an indicarion of ranrr'. After tll. through our own

trapping etlbrts we onlr encounrered onc individual ofthe wide

spread. common spccies .lt /i.ndra. Alrhough we .cmxm uncer'



iain of the species' status it seems prefe.rble to continuc 1(] focus
cllbrts on aftempts to study this animal in the field (if it is
endangered we nced {o identify its habital needs for protection)
ratherthan lo diven.csou.ccs inlo caprive breeding (Schreiberel

.rt, 1989) on the assumtti{)n thar i1 is endangered.

Future trapping effort might bcncfit frcm penelrlting into
the deepest identifiable areas ofvi.gin forest o.. contrrily, liom
cxploiting the attraction of domeslic animal prey in luffounding
larming areas. aDd .r modificd lrxp design could be used to
rccomodate live bair. The lafter is being tested by Elizabcth Mcsa
Gonzalcz. a srrdenr al the Universidad Nacional in Bogoti, who
is cunently r(empting a trapping and radio nacking study ofthe
diet and habitat use of Muttela ftenatd in and around Tambito
Rcserve (1,500 -  2.700 m ASL.  near  PNN Munchique),  whcreM.

/a/?el may wcll co occur.

A search tbr local reports (and especially sk in s) throughoul
th. potenrial rrnge ofrhe species. could lead to new distributional
discoveries. This is onc .rim ol a conservation awareness poster
''t-esscr known mammals of the cloud lbrest currendy being
dcvck)pcd by Dave Frwcett and Paul Robinson ofthe MV&PSG.
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Field observations of Wolverine (Gulo gulo luscus) in eastem Talkeetna Mountains,
south-central Alaska

Jeff CAIN

A field study on wolverine demography and ecology
conducted by the Alaskan Dept. ot' Fnh and Game and the
National Park Servi!e has continued in south centr,rl Al,rska since
rurumn 1991.I was fortunalc to work on the project and observed
$ollerines, occasionally at chsc range.

The remote studyareaof 4,l000kmrlies between 62'8.30
62'.19.15'N and 147"12'-1,17'9.30'W in lhe eastern Talkeetna
Mountains. This splendid wilderness region provides iavourable

wolvefine hab;tat. The vasi taiga forest and willow shrub, abun'
danl river drainage. and high alpine tundra suppons aheakhy sub-
rrctic environmerl Moose (Al.er a/..s). caribou (Rdrgd?r.d/t

,d{). brown benrs (Ursar ar.ror n,/rtrilir). black bears (Urtlt

.n"fta'{s). wolves (ahtrir /"prs), lynx lal,l'r .d na.l(ntis). rc<l
ft'x ( v,/,'er v"hcr). mal1er.(Martes anericani).gtound squircls

lsp.nnophilus la'ryit). and microtine ()dcnts are relalively

numerous in rhe area. The winte.! rrc bng, cold and dry. and tbe
summefs cool and wcL.

Wolverines tnvel quickly. colering great distances and
rrc. consequently. difficuli to find. The wolverioes in the prcrect
wcre located primarily by eithcr ftnlowing trails in fresh snow or

blr fadio tfucking individuals frcm fixcd winged aircraft. Wol
verincs were most oflen observcd above the treeline between 900
?nd 1.,100 melres and were active in broNd dNylight. Kill siies were
monitored for wol!crine activity. as were ac.umulations of lracks
around snow or rock holes. these indicating possible den sites.

RcJ lorL,  u ere s(en c lo le r , '  $  '  ' l \  cr incs un rwo o(cr . ion '
In nid April a wohcrine was foraging down r willow-covered
gully. Frnlowing behind came a .ed lbx that appeared intereslcd
in the mustelid's movemenls. The wolverinc then suddenly
ru.ned back up the trril, sending lhe fox scampering overa ridge.
The orhersighting involved aiemale wolvenDc thal was scaveng
ing from.tn old moose carcass. A red fox trotted into view lDd
circled the vicinity cauttuusly. The fbx decidedto wlit i1s lurn and
curlcd up nearby. while thc unconcerned wolye.ine conrinued

teeding. In both ol Lhese observations. il was clerrthat wolverine!

Wolverines are renownd scavengers and are rdapled su-
perbly fbrthis trrde. However, they can also be effedive hunten.
A successfnl ptarmigan kill was noted on x fiozen lake, no(h 01

rhe Oshetna River. From a dense willow parch, wolvenne tracks
sere lbund wilh wing m.r*s on cilher side. The winding trail

cnded in a circular rre.t of hard packed snow, and nothing
rem.tined ofthe ptarmigan apart froln a few chewed feathers. The
wollcrinc had capturcd the bird amongst willow shrub. and
canied ir alive across the lakc 1o m area lree of drifting snow.

Porcrpines primarily inh.rbit the spruce zone. However.l

did observe indiliduals high on the alpine tundra. Wilh thoir

needle sharp delence these forrnidable rodents can le )usly

injufe axacking prcdarors. For example. a radio-collared male
wolverine was found ro have potctp;nc (Erethi.or.loratun)

quills embedded in his throat. mouth, rnd forehead. The \dve
rinc was lbrtunate not b hlvc been blinded. Fieldwork ;n the

Yukon Tcnitory. Canada. also re!caled porcupine quills in rnany

ol  (he sol rer inc (dr f : rse.  ra l ,en b)  l rap| { l \ .

Golden eagles (Aquilu Lhtrstl.tos) often patrolled the
skies. or fed on s.attred canion. On onc such
watched a goldcn eagle tearing away at a cffibou carcass. In thc
dislrnce. r small female wohcrine bounded through the snow
towards lhe kill site. As the wolverine approrched, it lunged

aggressilely altheeagle. which onlyjust nanaged to escrpe. The

wolverine then sniffed arcund the area. and urinaled near the

carcals beforc slxrting to feed. Snow tracking in the Jokknokk
areaofno(hem swedenledto agolden cagle that had been k;llcd

and paftly eatcn b) a woherine. ln an earlier study. nofth of the
Tllkeetnas. withid a s,hite sprnce irea we fbund where a wolver-
ine had dug up a cache that contained a golden eagle.
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Appreciation is convey€d to the coftributo19 ofthe following

EEP Ncvs
The red panda EEP was officially organ ised in 1986, but has

been coordinated unofficially rincethe lnternationa I Studbook was
established in 1977. In order to provide EEP parti.ipante with d€
raied ana ysis of the red panda population in their region, it was
decided to produce a separate EEP nudbook, beginning in 1995. h
w llappearevery second yedr alterndting w th the production ofthe
lnternat ional Studbook.

Demoqraphic trendt in the EEP red panda populat on indi
cate that lf t continues to grow at curr€nt rates it will number400
individuals n l0years. Thisistwicetheenvisioned(drryingcapacty.
ThB increase B dLr€ to both an increas€d birthrate and decreased
infant mortalty a(hieved 5inc€ the introduction of hlrsbandry and
management guidel ines.

Another trend s a female sex b as in the EEP popllation.
Ana ysis ndi(dtes that infa nt mo rta ity is hiqh€rin male5. Addition
ally, pedk ferti ity seems to occur earlier (2 8 years in male! as op
posed to 5 12 yedrr in fema €s). These data mean the generation
lengthformales is5.3;considerab y low€rthanthatof f€malesat6.7.
In addilion, the negative effect ofinbreeding on reproductive value
is moremarked in malesthan females. The female populdt ion also
enjoys a more stable age distr ibut ion than the males. Al lof thes€
need further invenigation.

The geneticvariation ofthe EEP population is good; twenty
four ofthe possible 26 founders a re represented. The representation
ofth€se founders in the des(endant population could be improved
bytransfersandexchangeswith otherregions. AGenedropanalysis
indicate5thdttheEEPredpdnda5contdin94Eooinaturd lyoccurr ing
variation. The rn ea n inbreed ing coefficient of .02 is fa irly low. How-
ever, this (an be expected to rke in the future as fewer !nrelated
anirnals wi I become available to form new breeding pais. This in
turn could have a deleterious effect on the reprodlctive perfor-
manceofred pa nda r worldwide.

The Red Panda EEPCommitteemembership hasexpanded in
two ways: First, by ifcorporating the Jlvlsc programmes ofthe IJK
and secondly by the increated number of EEP zoos hoiding rcd
pandas. The present committee (onsists of:

Peter B ircher, l\,4atuell Zoo
PaulVogt, Krefeld Zoo
Kuno Eleijenberg, Botterdam Zoo
Leif Elomqvltt, Hel5if ki Zoo
Jose Cobo, Mad d Zoo
Pierie Gay, Doue la Fontaine

United Klngdom 5ub Group
Gelmdny
Eenelux
Scandinavia
lbeia
talyand France
Cenlral Europe

tlZG Nzwe

The lapan€se region holds l82 red pandas at 19 institutions
per the 1994 studbook. The JAZG representative has indicated a
de5irelo relocate the I7 red pandas of the,4llurur f fulg€nr5ubrpe-
cieg to other regions, thereby focusing their efforts on the Chinese
subspecies, ,4. f j\7ari Cunently this sLrbspecies is he d at two
in!t i tut ions.

I|CPID Nzve
The Australasian Specles Llanagem€nt Program ior the red

panda includ€s Southern Hemisphere zoos (currently South Africa)
ln its region as these institutions shar€ the same breeding season.
lhe first approved cdptive management pldn forthe Nepa ese Red
Panda hasjust been publ ished bythe Australar ian Req iona I  Arsocia-
t ion ofZoologica Park5 and Aquaria (ARAZPA):

As the sma len reqion in the International Studbook with a
current population of 29 animals, the AslvlP's founder representa-
tion is only 21 out ofa possible 26 founders.

However, in other terms of measure it has done well. ln
g€netic diversity, it has retained 95% ofthe wild genes. The mean
inbre€ding coeff i . ient l , .012, hal f th€ globalaverage, dl though l ike
other regions, thisfigu.e is setto rise.

Perhaps the most nota ble varlation in A5t4P red panda data
is the lower infant mortal ; t r32.8%of blr thsagainsta global average
of 40.6% This does not appear to be due to the longevity of the
region, as the first births in Australia occ!rred in 1977, the garneyeal
as the International Studbook data began. However, 5rnail gample
size may be a contributing factor.
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HUSBANDRY
Training regirnes developed at Knoxvile Zoo,IJSAare now in

use at Columbus Zoo, among other SSP zoos, to hdbitLrate red
pandas to keeper contact. This contact permits the ta king of weights,
mea5ur€ments and various other procedures without the stfesr of
captufe. The traininq proqram at Columbu5 has been completely
succes5ful with their male following several months of gradually
incfeased contact, but hasdeveloped more slowlywith thefemale.

DISTE]\,4PER
Preliminaryre5ult5ftomthe European Canine DistemperVac:

c ne Proj€ct are encouraging. The Webgter vaccine from Australia
produced sera titer antibodies in 8 of the 9 red pandas tested.
Webstersisintheprocessof developingaspeclal inact ivaledvaccine
foruseon al l  non domest ic carnivoreswhich ueesa smal lervolume
and is hopefully mor€ eff€ctiv€.

A quantity ofkilled freeze-dried DistemperVaccine has been
offered by Solvay Duphar Ltd., Southampton, UK, for use with red
pandas. Whi ist this experimentalbatch is nowtwelve months pdst
expiry date, th e ma n ufadure6 state that, being a freeze d ried prod'
uct that has been stored in ideal conditions, it is ttill cdpable of
nimulating a qood immune rerponse. The IRP^,4G plan to use some
of thevaccine in red pandasattheDarjeel ingZoowherethepossibi f
ty of distemper i5 hiqh due to domestic dogs having access ro the
zoo. lhe feasibi l i ty ofvdccinat ing the localdog populat ion is also
beinq considered a5 an ddditional protecion.

REPRODUCTION
The UKis planning a rerearch projectto investigatethe use of

qenome resource banking and artificia methods of reproduction,
with the red panda being used ae a role rnode for the use of such
techniques n the .ons€rvation of smal mammal5. Several institu
rions haveexpressed lnterestin such a proj€ct, and fudher informa
tion is expeded n subrequent repons.

Two projectt oneat Lisbon Zoo, afd dnother at Adelaide Zoo,
are dssessing faecal proqestln levels using RIA (rad o mmunoassay by
so d phase tech nique). They are both designed to detect ovulation and
!estatlonif theredpandd. TheLisbonproj€d tbeingconductedbyDr.
Bui Marqu€s Leitao of'Estacao Zootecnica Nacona". The Ad€laide
project t being (onducted by Andr€w Spanner of sydney University.

An ELISA test for the detection offaecalproqertin evels in
mammah ( i rc uding the red panda) s belng developed in Aunral ia.
The EL SAtenls notneces5driyspecierspecf ic.  Onc€ developed, i l
\,/ould produce th€ same results as RlA, but in a simpler fashion,
enabl ing manyzoo labs to do their  own fert i l i ty test ing.

I llte> x at i e x a I F,e4 P an4a
Plaxagencht Aror.?
lulectix6 Dubl in,  reland,29 l0 September 1995

OB5ERVERS
Benqt Holst (Copenhagen), Leif Blomqvitt (Helsinki Zoo),

Fletcherl\,4organ (Himalayan RESCU, UK), Sian Waters (Bristol, UK), U.
Minnanhem nda (Thailand), sean |\,4cKeown (Fota, lreland), Debebe
Des5aleqne (Wildlif€ Information Network, UK).

Dr5CU55t0N
IRP^,4G membersgavean overall pict! re of red panda activi-

ties in each reg ion. As a result of standd rd ised h u sba nd ry practices,
the captive population har experienc€d net increas€s so that the
carryinq (d pacity may b€ rea(hed in the very near future. All agreed
thatfuturegoalsof theredpanda proqramaretobefocuredbeyond
captive breeding, and on inritu conservation. The briqhtest pros
pectfor such efforB at this time i5 no(heast India- Fffectively, this
excludeg the ilyad subspecies in the medium-term in favour of
A.f.fulgens. Howevet, outcomes should benefit both grolps by
establishing a proven structure forconservation activities.

RPMG support of the captive breeding program in India
developed into a Red Panda Workshop in Darjeeling in April 1995,
initiated by the Central Zoo Authoity, India. In addition to providing
some technicdl population ma nagement training for localzoo and
wlldlife staff, m uch attention was drawn to loca I conse rvation. Th ree
Himalayan zoos wish to form a captive breeding nucleus, and the
Forestry Departmentis interened in restocking red pandas,asoneof
several species, intoprotected habitat.

The prospect of reintrod uction has attraded a qreatdealof
attention to the red pa nda prog ram. Preliminaryfieldwork in Singalila
National Park in West Bengd indicates rhat suitdble habitat exirts.
The decline of red panda in local forests is attributed to their past
removal for pets dnd the "zoo trade". Forests are now wellmoni
tored. But both the need and efficacy ofany restocklng cannot be
determined unt i la great dealmoref ield data on exlst ing fed panda
populaton! and their habitats accumu ates, This research is valu-
able in and ofitsell whetheror not it u timately results in reintroduc
t ion.

OBJECTIVES
. Providefinancia support fof contlnuation of fieldwork toward t

the production ofa comprehensive managem€ntand ronserva
t ionprogramforred pandasand redpanda habitat ln Indiaasw€ |
as Nepaland Bhutan.

.  Arrangefurthertechnical training as ne(essaryforv€t€f inar ians,
directors, curdtors, ke€per',et(., from thethree Himalayaf roo5
(Darjee ing,Slkkim,andArunacha Pradesh) both insidednd out
r de ot lnd a.

.  Establ i !h with the ndian coordinator a capt ive breeding
masterplan to i rc lude thp nlrmber ofpairs needed forthe core
populat ion in ndi i  and in exchange strategy to achieve thes€

. Support the development ofdn education project covering the
schoolsandvi l lagei intheDarjee ingareanearSingal i la in coop
€ration wlth the Zoo Ortreach Organisation.

F!nct ional roleswereassign€dtoindiv dua lRPlvfGmemberr.  Addi
t ionalmeetings ar€ necessaryto ma nt. in moment!m and faci l i tate
communicat lon. A red panda fund B p anned tocentra isef inan. ia
ruppon.PART]IIPANTS

IRPMG ^4em be15: Angela Gldtston (Chair, Rolt€dam Zoo), Carol
Bach (Taronga Zoo, Sydney), Peter Brrcher (^4arwellZoo, UK),lakashi
fillyake (Shizuoka Zoo, Japan), Frank Prlnce€ (Stichtinq NOD), Mies
Robens (National Zoo, USA).

5.C. 5harrna (Central Zoo Authority, Ind ia)

E ?rlra.A Ay 1a>ol BacA
ASMP ReqionalCoordinalor  for  the Red Panda,

Taronga Zoo, PO Box 20, Mosman NSW 2088, Australia



Dental and skull abnormalities in the Stone marten Martes foina (Erxleben,1777)
from Slovenia

B. KRYSTUFEK and S. POLAK

The dentition of mammals is typically highly differenti-
ated (heterodont and replaced only once during ttn animrl s
liietime (dilophodont). The number of ieeih is conslant and
frequently dixgnoslic of gencra or lrmilies. Any damage to, or
lGses frcm such a stable and integrated dcntxl complcmcnt will
necess{.ily result in an inbahncc. and frcqucndy also in the
reduced lihess oi an individual. Anyhow. tooth loss, either
through congcnilal or traumatic within many
natural mammalian popuiations. but generally at low frequencies.

The dentNl complement of thc stonc marrcD is thc same rs
for the Senus Mdr.r itlelt i 3/3 c l/l pm 4/4 n l/2 = 38 (Millcr,
l9ll). Deviations tiom.his in a lample of43 rtone ma(ens fronr
Poland were studied by Wolsrn er d1. ( 1985). They found no extr!
teeth. although oiigotoDties. patticulafly those expre!sed in a
dcficiency oflhe first lower premolar, rlere quile common. Th€re
were also no dental abnornulities obsened anong Polish stone

we collecled skulls during a survey ot the two maien
species in  Slovenia.  An unusual ly  h igh f reqtrency ofmiss ing tecth
and othef nalfonnations was e!ident at fi.st sight. with s)mc of
these anomalies being so severe that they must have reduced lhe
surlival abilities of the affected animals. Thus. we believe that
our rc lts may contribute to a better understandrng of the life
hisl(try ol thc stone mfften. a highly adaptable and successful
Europcan mrmm.rl-

Material and methods

We exanined 106 skulls. collected fronr different regions
ofSlovenia. mainly between l98l and 1994. To albw slatistical
conrparisons. material sas pooled into reasonrbly l[ge srrnples.

^i.lj',

Sample areas were kept as snall as possible and restricted to
pa iculrr phylogeographic regions (as defined by Wrabef. 1970),
these being considered to roughly indicate environmental homo
geneiiy. The abbreviations lbr these regions as used in sample
designations and also in Fig. 1 are: AL - Alpine: PA ' prc'Alpine:
SM - Submedi(enanean: DN - Dinalici PD pre Dinarici SP
Subpannonian.

Skulls were cleaned by boiling and subsequent macera
tion. They are stored in the collections ol lhe aulhors; tbeir inilials
are given with their collection numbers in the subsequent tert.
Dentili('n srs obscrved macroscopically and, when necessary.
aln) viewed undera stcrcomicroscope. Fouf growth groups (GG)
wcrc rccognised, based nainly on the degree ofdevelopmenl of
thc sagiurl crc( (Heplener & Nrumov. 1967).

Sample desiSnations and their contcnls arc 1isted beb$'.
Ccographic locarionsxre shown inFig. L Abbrev iations for sexes
are (M) for malcs. (F) ior lemales. and (l) lor sender unknown.
Sample ALI: Kranjsk! gora; Manuljeki Srednji vrh (3M.,lF)r
sample PAI: Tol.nin. Volce (8?): sample PA2: Kranj: Skofja
Lokar Spodnja Idr i ja ;  Z i r i  (6M. lF.  l l ) t  sanple SMI:  Dekani i
Strunjant Dutovljei Scana (lM. 5?); sample DNI: clerknica;
Planina (10M. 2:lF, 2?); sample DN2: Borovnica: Ljubljanski
vrh:  Sodrazica:  Ribnica:  TaboAkr jamr (6M. lF,2?) :  sanple
PDI: Bela krajina (4M. lF. 2:))j sanplc PD2: Goriancir Otocec:
Mirnapec:  Kostanjev icana Krk i ( lM.  8?) ;  sarnpleSPl :  Slovenska
Bisrri.a {5M. 3F, 2?). Four furrher specimens (lM. 3?) we.e not
ascribed to any ol lhe above samples.

In the lubscqucnt tcJ(t and figures, teeth ofthe upperjaw
are designated by capitals. and those from the mandible by small
letters I e.g. PM I and pm 1 are the firsl prcmolxrs in the upper and
lower Jaw. respectively.

Results and discussion

Congenital deficiency ofthe first lowcr prcmolar (pml)

ODly those cases in which a pml deficiency was presuma
hly congenitNl wc considered here i.e. wher€ there was no sign of
irs prid presencc. c.g. by lraces of an oblitefated alveolus.

The deticiency ofprnl is rhe most common fom oidenlal
deviation in slonc mrrtens trom Slovenia. In appfoximately one
half of the specimens this small tooth was missing, a! least on one
side (Table l). Bilntcral oligodonlies were more than twice as
fiequent as unilateral onesr the diffc.cnce being significant
(Xr=,1..14, p<0.001).1n the case ofunilarcral oligodonly.lhe tooth
was missing on the right sidc in sclen cases. and on the leti !ide
in ninc cascsr this dillerence was not significant. Oligodonty wns

in le .nales wi th 50.07 of  specimens bcing
oligodontic (N=3:l) againsr 39.47. occurrence m nrales (N=33):

however. the differencc w.rs not signilicant. wolsan .r d/. (1985)

recorded a nuch lower occurrence of pml ibsence trom 43 stone
nurtens fion Poland. i.e. 20.5'/.. Unilareral oligodonties pre-
vailed in Pol;sh material, being c!idcnr in 75E ofthe speci'nens

Fig. L Geographic varirtion in lrcquency ofibsence oftirst lower
premolar(pn l) in nineMdrles&tud samplcs rrom Slovenia.
Percentage of uni and bil(erd pml oligodoDties are
proportionalto shaded and black arcas. Scc lcxl lbr details
of smrplins sires. localilies. ind phytogeographic rcgnnrs.
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Table L Incidence of oligodonly of the first lower premolar (pm I )
rn Mdl/er/o/nli from Sk,venia according ro geographic sarnptes.
see liig. I lor sarnple acronyms.

Sdnrpl< (N)

ALr  t7 )
PAI (1i)
PA2 (9)
sMl (6)
DNI (35)
DN2 (6)
PDI (9)
PD2 (9)
sp 00)
Remaining (4)

Uniiareral
N 7 r

I
I
I
2

3
I
2
I
I

:r (]7.5)

r (r6.7)
r9 (5.1.3)
r (50.0)
3 (33.3)
1 ( 1 4 . 1 1

Bi latera l
N 7 .

Biialerrl
N 9 r

N
Total

r 0.1.3)
.1 (s0.0)
r  0 1 . 1 )
3 (50.0)

23 (65.7)
6 (100.0)
4 (44.'1)
6 (66.7)
r (2s.0)
l  (25.0)

52 (50.5)

Toial
qc

( 1 4 . 3 )
( 12.5)
( l l . r  )
(13.:r)
( l  L. t)
(50.0)
( 1 1 . l  )
(22.2)
(25.0)
(25.0)

( r 5 . 5 )

Fig.2.Lower toothrow of slone marten from Slovenia. Left =
complete dcnrition: riSht=set wi{h bil,rrc.ally loss ofpm1.

fotr l  1103) 36 (3s.5)

Since lhe tecfi. and particularly thc sma,lest ones, can bc
n\I during the course of an rnim!l'! life. and with subrequent
,ihlitefationof the.rlveoli.thefrequency of oligodontiesascribed
ro congcnital deficiencies rnry be overestimatcd in older age
rroups. Wolsan cl dl. (i985), who studied oligodonries according
ro rge groups, found thc frequency ofmissing pnl to be mainly
.onslanr duringthe lift ofstore martens. bur wilh agreat increase
Il rhe oldest age group- Howc!e.. small sample sirc (their oldest

.,Sc cohof included only three animals) rn,tde Daking definire

.onclusions very difficult. In our naterial a dccrease in the
,ccurrence of (hc misliDg pml is evidcnr with advanced rge
1able 2), so is suggesting that specimens wirh complete dcnri
, . 'n \  Jr (  l r l ler ' '  Ihrn rho.e mrs,rng h crh.  PJ ' rwr 'e compa'  i - rn\ .

however. did nol demonst.ate stadslicrl significance in these

Tlblc 2.Incidence ofoljgodonty of rhe firsr bwcrprenolar (pml )
I Mdrer /nt"d liom Slovenia according ro growth groups (see
re\t for explanrlbnl. Growth groups follow Heptner & Naunn)v
r967 )

Fig.l- Upper (lefr) and lowerlright) denrition ofa very old lrone
marten (5637 BK) from Slovenia. Note heavy traumnric
inJuries-

pm1 iiequencies by cnvircnmentally based sclcctive fbrces un
likcly. Ir is therefbre morc probable thar ihis oligodonty is due lo
some Senetic dilfcrcnce.

Other congenital oligodonli€s
Only four cases of I missing first upper prenolar (PMl)

were .ecogn ised among 103 scoredcrania(i e.3.9E ): on thc.ighr
side ofan unsexcd !nimal tiom sample DN2, on rhe lefi side of an
unsercd specimen lion sample Pl)2. on the lett sideofan unsexed
marten tronl sanrple DNl. and a bilateral deficiency in a female.
also lrom srrDple DNl. All specinrcns were subadult (GG II). and
all lacked the lirst lower prernolar. eilhcr unilaierally (specimeD
PD2) or bilatcrally (the remaining rhrce).

Onc unsexed sp€cimen (CC II l) from sanple PAI lacked
ther iShtsecond l ( )wcrnolar .  bul  (h isdel ic iencv couldbealsodue
to traumatic {ooth los\.

Several othcr crses of oligodonty were rssociated with
badly defbrmcd skulls ln sucb c.tscs. missing reeth more 1ikcly
resulted liom mechanical injurics rather than any congenital

Traumatic aooth losscs
Included here rre sp€cirneDs which had evidenlly lost one

or mo.e leeth during their lintime. either lrom mcch,tnical
rn lur jes or  other  unknown causes.  Of  95 skul ls .  l l  (13.77.)
showed lraumatic denlrl injurie\. I ldal. 39lecrh wcre missing
( thc number of  jnc idenccs is  shosI  i  brackers) : i l  (3) . i2(4) . i3
( 3 ) . c ( 3 ) . p m I  ( 4 ) , p m 2 ( 3 ) . p m l ( 1 ) . p n r l 1 . 1 ) . I |  ( : l ) . l 2 ( 2 ) . I 3 ( 3 ) ,

Growlh

l l
I I I
I V

(N)

(54)
(30)
(  l 6 )

20

Unilate.al
N %

9  (  1 6 . 7 )
4  ( l ] . 3 )
2 (  12.5)

(37.0) 29 (53.71
(30.0) r3 (43.3)
(25.0) 6 (37.5)

The occunence of pml oiigodonry vffied berween I L l./.
,\ample PA2) and 100% (DN2) iD differenr gcographic samples.
Ihe fbllo\,"ing pairwise conrparison s were starisiically significanr

F0.05) :  ALI-DNl  (Xr=5.71) ,  ALI-DN2 (Xr=6. ,11) .  PA2-DNl
lXr=6.55) .  and PA2 DN2 (Xr=7.71) .  A h igh inc idence o l  p ln l
oligodonty seems to be ccntered in the Dinaric Alps. then decreas-
,rg gradurlly bwards their periphcry (samples PAl. SMl, PDl.
rrd PD2). Nonhern Slovenia, on thc orher hand. is chafitctcriscd
by a k)w incidence of the pml deficiency. Diilbrcnt frequencies
ofpml occurences were lbund regions with similrr cnviron,
mcnts (e.-!. ALI againsl samples DNI and DN2 from the Dinaric
Alps) ,  as were populNt ion!  f rom conrrasr ingly  d i f terent
rhyrogeoSraphic regions (e.g. SMI vs. DN2) chamcterised by
'imilar dcgrees of pm I oligodonty. This makes the explanrtior of
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PMI (l ). PM:l( l). and Ml (l ). Mosr frcquently lost were incisors
and k)wer pren]olars. i.e. teelh nor crirical to the hnnling luccess
of nartens. The esscDtial paft of the dentition ( can ines, carnassials.
and M1) ults r.i.cl)' xffected.

Traumaic eiiects wcre more conxnon in rhc dentition of
oldcr.ninrals. Of 13 specimens, 5 each came fiom CGIII rnd
GGIV. {ndonly 3liom cc IL As could be expected, rhc incidence
of injufies accumulales with age (F-is. l). Therc were no differ-
ences in Lhis respect between sexcs. Affected specirnens occuned
in a l l  samples except  PDI and SML

Abnormal tooth wcar
Spccimcn No.1520 BK (Fig :t), rn unsexed subidulr (CC

II )  i ion]  srmp;e PDI Al l  inc isors.  a l lcanines and both pnr2 ( tnr l
are missing on both sidcs) are severely worn. and theif pulp
ca!iLiei are oper. Other leeth lrc not ntuch affected. Injurie! are
particularly sclcre on the right side ol rhc nrandible which is
parrly won our, together with j3- As rhe teerh ire so rnuch
lowc.ed. nrrlocchrsion resultcd: Lhis is paticularly e!idcnt in the
arc.r of thc fight canines. The exrcl history of this specimen is
unlnown, but ii $a! presumnbl) shor in the wild

Specimen No. 9586 BK. a sLrbadult temale (GG II) from
s.tmplc SPl. Both PM-l and leti pm4 are much worn. wirh open
pulp crv i t ies beins v is ib le.  Thc pulp cavi r ies of the uppcrprcnx)
lrrs rreopened labi:lly. suggcstiru thatthis pirr wrs.or worn out
by possible mrlocctusion with pm3 and pnr,1. The re.tson lor such
an inomlk)us pattern of over-wea. is unclear. but the spccimcn
wls k i l led in  the wi ld .

Spccinrcn No. 3.2/t I SP. ltn adult fenrale (cc lll) lrom
sa plc DN2. Both uppercanires lind rhc first rwo lelt incisors rrc
mucb wo.n. but the lefi 13 is ol normal lenSth. Corresponding
teerh olr the lowcr iaw (leti canine and r1l incisors) are broken.
'1here 

afe also olher traccs of traumatic injuries in the skull. The
anim: l  uas k i l lcd in  the wi ld

'l-raumalic 
abnormaliries in sl,ulls and re€llr

Specrmen No. 5252 BK, an unsexed adult (CG IV) ftom
sampie PD2. killed in the wild. Only the righL upper canine is
fumlionrl. whil( the leti one never eiupred: irs rlveolus is open
:rnd thc apex ofthe canine is clearly visiblc. At firlt sight the skull
showcd no nace of traumntic iniury, but careiul exanrinntior
revealed a nasal asymmet.y. the lettone being slighrly shorierand
shitied backwrrds. Tfii! suggests a old rnechrni.al injufy which
most probably inhibited thc cruption of rhe cinine. All lhe
remaining reeLh. nrcluding the opposing lowercrnine. arc normal.

Specinen No.9589 BK (Fig 5) .anunsexcd subrdul t (Cc
II) tiom sample SPl, shot in the u jld. The rostrunr is abnormally
dcvcbped.  wi th the r ighl  s idc bc ing moreat teded.  This ise! idcnt
m a lho(er right preoraxillar) hone, a shoferright nasrlbonc, and
by an asy rnnrct r ic  na!o inc is i !e  inc isure.  Thcr ighr  inc isorsandthe
incisive fora en rrc rhilied slightly backwards. Both second
premolrrs are aiso lrltected. thc rnlcri(r pa.t ofthe lelt prenolar
bc ing s l ighdy inc l ined mesir l ly .  whi ls t  ihe opposi te is  er idenr  in
the left premolar. which hrs a labiallr orientated rnrcri(D pal1.
Ncithcr upper canine hrd eruptcd: thcir alveoli afe open and lhc
.tpcx of each canine is clea.l) !isible.

Ilostrrl dclbnnalions should be ascribcd ro traumalic
injury with subsequeor repair. AII upl'er fremdars are conprcs
scd nrrc rhan is usuil in this spe.ies (see reladons betvveen pml
rndpm.l in Flg.5) indicating that a very strongfbrce squcczcd rhe
cDtirc rxtrum. 1I ii wonh noling that the mandible with dentilion
shows no tmce of any previous deli).m!tx)n. Both lower canines
rre also normally de!clo['cd.

Specimen No.  '185.1BK (Fig.6 l ,  !n  unsexed subadul t  (CC
II) from sample DN2. which wrs found dead. ln the upper toolh
row. lcft 13. both canines and both PMI rre milsing. with s(ill
visible traccs of hone repair. The situation with the incisors is
nrostunusual. Thc lcft Il rnd 12 are shilied anteriorly rnd slighdy
towards (hc right. The left ll rhus lies in lront of the fighr ll.

Fig. ,1. Upper (left) and lower (middle) dentition of slone mrrtcn 3520 BK to show abnormal r@th wear. Risht: lhe same specimen
in lalcral vieD to show malocclusion- See text tof explan3rion.



Irrces of mechanical iniury a.e a,so evident in the region of rhe
.!\als. which orherwise already fused wirh rhe naxillaries and
nrf lu\ i l lar ie, .  dnd In Jn r ,)  mmerry ol  rhe nd:ornr i . i \e inci ,ure.
Ihe animl rlas apparently injured when rhe cranium was (ill
Jrr t ihginous. The,nandible is normal ly developed, and i ts
rnolhrow complete (except fbr the bilaterally abseni pml).

Specirnen No.3267 BK (Fig.7). an unsexedyoungsubaduh
OG II) from sample PD2. This animal was killed by a car,

relulting in damNge to the braincase. The rostrum rs much
shortened (Fig.7) and iurned in rhe sagi[a] plane row.rrds the
right. The toothrow is bxdly deformed. with oniy rhc rwo posterior
prenrola.s (PM3 nnd PM.l) beinS unafiecred. The right pMl and
PM2 were lost, and their alveoli are s(ill nol.ompletely closed.
On the left side the PMI and PM2 are prescnt. but the second
prcmolar is badly deibrmed. The left upper canin. is turned
forwads, and ihe nrsals a.e much shorierthan usual. The mandi-
ble is of normal length. and its teclh are not much detbrmed.
allhough both pml are missing. The occlusion, which is p€rfeci
in ihe camassials, is disturbed in the more anrcrioreeth. When the
jaws are closed the upper incisors louch the pm2 whilst the lowcr
incisors piotrudc fo.wards. Judging by thc lcngrh ofmandible. rhc
rostrum is shortened by approximately 20% (Fig- 8). The reason
for this is not clear, and we cannor exclude rhe possibility of
congenital shonening of tbe rostrun.

Such a shor.enjng. resulting in the condition known as
''Mopschiidel" is quite common in domestic mammals, and i!
somelimcs even considered as a sign of domesiicarion (Klatt,
I 9271 Hene & Rithrs. I 973 ). Hu(erer & Weber ( I 983) also report
ii in a liee living shrew. C.,ridura russula.

There are scler. features common ro all four cases
described above: (i) oniy the .osr.um is affecied and not rhe
nrndible. (ii) nEltbrmations supposedly resulted liorn sone
nechanical 'njury in very young animals when the rost.un was
s{ill not ossified. and (iii) when thc region around upper canines
was traumatically aftecied this presumably inhibited rheir crup

Conclusions
Of 104 stone mntens examined fiom Slovenia. only,ll

( i .e .39.4E) had a complete denral  complcment  of l8  teeth. In rhe
remaining animals, at least one tooth was missing. eithercongeni-
tally, or traumatically. orboth. Arnongst affecred martens,9 (i- e.

F i g . 5 .
Upper dentilion of stone
manen9589BK. Seetex(

Fig. 6-
Rostral part of slone
marten 485:1BK in ven-
trlrl (left) and fronlal
(right) view. See text fo.

Fig. T.Rostral palt of stone marten 3267 BK in venrral lleti) and larcral (righo view. See tcxt for explnn,Iion
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Fig.8. Piotofrosrrun lenglh (nreasured Ironl M3 1() premaxillary )
against mandible length ( irom articularprocess to symphy
sis) in youns/subidulr stonc manens (Crowth group II)
l ionSlo\ (n iJ  Di ' r ,  rx{mr l l )  de\e lop(d.pecicm.:  , *e,
specimens having injurcd roltrum (wilh collection nun

bers). Rcgression was calculated tbr unaffccted specimens
only. Dimensions are in mm.

8.7E ) had such severe abnormalitiqs that lheir huoing success
and consequendy their survival wereprcsumNbly reduced. One of
rhe.e.pecinren5 q3.  \ ( r )  ^U rnd i r \  n , ! l formJrron,  s i re m,^ l
probably duc to advdnced age. The remaindcr were subadult (6
speciment or adull (2). Specimens with severely iniurcd skulls
and denrition arc unde. represented in older age-grouts. which
does soggesl compctitive intedorily.

skulls of rhe pine marten. Mdlter mdrrer, fron Poland (Wolsan,
1984). Besides, none orlhe skulls r€ported on by wolsan (1984)
was as badly injurcd as was the case in sorne of the specim€ns
amongst our mateflal.

The first lower prcmola. is not a functional part of the
denrrron. In rhc .ronc manen ir  i \  reduced In .r , ,e In compdi\on
with the pine marten. and lhis could bc an imponantreason fbr ils
frequent deleiion (Wolsan Ir dl., 1985). Our results suggest rhat
even such minor dcliciencies in the dental complement could
rcsult in competitive inferiority in rhe specimens affecied. Does
this nean. however. thrl rny deviation from the standard denri
tion necessarily aitccts the vital funclion ofthe aninxl? Due tr)the
small sample sizes ir is not possible to demonstrate slxtistically
sign ificant difterences in pm I dcletions between diffbrent growrh
groups. More data, and from different paris of the species'
geographic range, dre needed fbr the proper cvaluation of the
lirnctional and cvolutionarl significanc€ of pml reduction in the
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The tiequency oi malformation is much higher in stone
manens lbm Sk)vcnia than in a representarile samtle of 220

Mapping the species distribution of sub-saharan African mammals

l
l

l\r drc lliive(irl oi Copenh.!en we ha\c rcccnrly iinirled!n al1emfl ro
map rhe species richnes\ xtrd cndcnrinn \!lue\ ol sub saharrn Africa ar rhc scalc
ot I dearee squaE W. bcl'.vc rhrr rha is lnmtortant tulk d thc prcscnr tnnc xs
i hewor l d i sdebd ine rhcva lucso l  b i od i ! €A i r ]  r nd \o f r r r s re . r casa rc rhcn
rrc norlelrmaps ot the brodrvcsit! pnontt rea rn conrlnenlrl Airica $hicharc
band on rh.conrtrutrncd mrlv\n olspecies disi.iburioiildrh Thi\ \cen\ r)
r{r€senr !n oblious baincr ro thc \c(ing of con\ervarion prioriries. and ro
undcAhdrng !h) ceniin arcas xrc so rmponr 

 

hr pd,culitr sp€cie\ assen!
hllges ll is dso som.thiD! thrt s. belidle *e crn do sonerhinp abour b!
coinpiline rh. cx6ridgdak,burionaldrta inl undenakine sonrc r.liivel), nn,ple
anxllsrs on xlr€ad! e\i\tin! cornpurer pr.gramnrcs

'I 
htr at.mpr ro m.p l\lii.r.btudive^rtv |0mrmmils $illb. rrdc rhrou.lh

rheCcnEof Tropic.l tsrodrvcfsitt irCol[ihrg.n. incrllahori!ion $irh ft srdc
aNrsorl ol .ollxborarng rgencle\ rnd indrv u.lsas $ill b. pr.prr€d r)tr)in in
rhl\ t!\k. The nerhonolqyrnd p,orc.r phx\e\ rhrr wc rnvl\r!enre xs lbllows
. produce \pecreslisG of Atii.an drninll! liom Wilson & Rcedcr ( lg9l.
. iathcfspc.icsdstrrburiond!talorthecr 960sFecieswhichlLvcidsub sahrtun

. 'npul spe.iesrm!. a.d localitldatroiti rl 'e \t€c,rhsed biodivcbiq dalysn

nrugr{nnne worldMap $hi.h hr\ bedi delel,)ped d The Natuftl llisrof}

. .h..1Jrxli sprcies dntiburi.n rri ocilirv Naps with rc.ogrard expcn\ in

. finxlisc rh. dia hlre on rhe conputer and analyse thc partcnN 'n renns oi
\pecies richness a cndcmknr rallnrannxk orsublet\olrhem (tunilics,
nE( rpecies. phyloe.trcric rcli.:)

. pLbll\h an olerliew olthc bnrdi!.*r! di{riburnr olAh.rn nnnrnmls. and
\Frrllnr n!ne^ a\ appropfiarc.

. promotcdrcNsulls{ihdrl,escieniili...onse^arlonrrddev.lopmcrtNorlds

So lar.. specie!list olAlii.ai Jnannnak ha be€n compiled fronr Wilson
&Reede r ' l h i s i sava i l r h l . n t r r o l l abo r l t r s i n t hnp ro j ec r t ohaveand to ru ' i i .
Wc arc nou lrring k, rtl *herher you qould be prp cd ro hclt srh rh\
cidex!our. etpecirll! with dre rttuttl Alrnrn ranite\ r\r drn {lsc rhe non
'nponrn[trings seem ro ns o bc t col]o.r:
. cofles ol rny publicdions shi.h r-ou or .ollcague\ I'rve pn uced which

.o.h,n specie\ distribution maps lb. Aiircan namnrh
. Liis ofrhosc rclircn.cs which tou know t, conrrin re ilble s|ecies drifibu.

" i 1  f n ' ( .  \  ' . ' n r , . o . f o  r  A r ' . , n r n d " n d r  O . n .
. fuhe\ rnd conrd details of otlref pcoplc who loD rhlnr rhar $e \hould be

conucnn! about this prolccr

\\e sould lile to assurc lou rld aiy nriniiDrion rnd dltx thlt ]otr
F)vnL Lvillunier Do circtrnstan.cs bcduplic.rcd, orta.n.ii€d ln)m u\ t, other

t.^ons Plexre c.nlur: Dr. Neil Burg€ss, Coo.dinator, tlanish C€nrre for
Tropi.al Biadiversily. Zoologicil Mtrscum (lnirrrlity of Copmhaaetr.
Uniroiitrtsp!.k$ 15. DK 2100, Copenh.gen. D€nmark
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Coati studies underway in Tikal National Park

Since June 1994 we have been studying rhe White,nosed
.oari (Narud tra./.d) in Tikal Narional Park, Guatemala. The
.rudies composing Proyecto Pizole" con*itute our doctoral
Ji\senation rescarch at lhe University ofFlorida: SDB in Witdlife
tscology and Conservation. and GAB in Zoology. we are focus-
ng on coati bebavioral ecology and population generics, and

reproducti!e biology. respeclivcly.

Until very recently, coatis had been siudied inrcnsively
,)nly on Barro Colorxdo Island (BCl). Panrmr, where a series of
Lnlesrigations have bcen conducted in the last four decade!
Kiufmann, I 962 i Russell, I 979; conpper. 1994). Their findings

rLrm the basis ol our cuffent knowledge of Central American
rrocloDids. but this isolared population ma] not even be repre
.rntrlive of the species. In contrast to BCI. Tikal is part ofr lirrge
.drd relalively intrct ecosysten\ with a fuli complemenl of Inrge
rcdrtffs. This nalionll parl also has unusually high densiries of
:ruit tree! perhaps duc to ancient Mayan cuhivation -which mry
ntluence coali ccology in a variety ofways. lt therelbrc prelents

.rn idcalopportunity lbrcomparative studics with BCl. as wcll as
r)rny new avenues for research.

To date wc have caplured 79 cortis: l7 adull mal.s,3l
.dull temales, rnd ll immature animals. Rccaptures l]rerourincly
Nudc, and blood samplcs and a battery ol morpholosical meas
rfenrents are obtained from all caplurcd animals; lecal and urine
.rnrplcs are also oblained iioln these and fiom free,ranging coaris
(henever possible. Thirty-tbur rdults have been radiocollared,
Ircluding 20 females disrribulcd antong lbur bands. we have
frbiruated two ofthese bands and several males b our p.esence
:n order to condu.r behavioral obscrvations.

Alrcady some exciting differences beiwecn Tital and BCI
hrve energed. Our two habituated bands contain 76 and 150
,Ienrbers, by far ihe largest cortihands everdocumcnred anywhe-
:c. P.chninary radioielemctry dara indicate thrt rhe bands have
.orrespondingly large home rlnges. During most of rhe year the
.raies occupy nruch smalier areas lhan the bands, bul durirg the
nraling season ihey travcl with the bands, battling fiercely ibr

access to the females; mo.e than one male has been observed
copulating with the females of a given band in a single maring
season. Radiotelemefy and observations reveal that bands are
fiequently accompanied by males at oiher rimes ofyear as well.
Genetic analyses arc planned lo clarify ihe rclationships among
the males and band members.

Morphological dara and observations indicrte that coaris
inTikaldisplay reproducli ve pattern r simila.in mosl ways to rhat
toundonBCl!nd suggestedelsewhere. M]tingtakes placc within
a highly synchronous period in the middle of the dry season.
parturition occurs somc two-and-a-halt' monrhs later -aboui onc
monlh before the wet season and the young lirst emerge from the
nest as (he rains begin. But. in I phenonenon not prevnrusly
reported. r sccond breeding may occur ifrhe first fails loproduce
young or the young do not survive. Serum and lecrl hormonal
analyses wi ll be conducted to charactcrize the reproducri vc cycle
A wide varicty of dietary and phcnological dara are also being
collected !o examine environmental influences on this cycle. as
well as on othef aspects of co,rli ecology.

Wc are also extremely interested in the region's mustelids.
especi.tlly the tayra (Eird bafiara). During a pilol srudy con-
ducted in 1992, wetmpped nnd radiGollaredan adult mrle Gruy
headed Iayra (t. l). r?r.T) in Tikal, but due ro equipment failure.
we werc not able to collecl much data. we hope ro puhue tayra
studies in thc juture at anotber hcarior. as the species is oDly
rarcly seen rn Tikal.

We would liketo hear iionr anyone with an interen in $ese
species. particularly our coleagues in Costa Rica and Colonbia,
whosc recent coati studies were mentioned in lhe Ocbber 199.1
issueoflhis newsletcr. At the present tine,lhc only reliable wal
to communicate wrth us is by lax:

Susan D. Booth-Binczik & Gerald A. Binczik
University of Florida, Gainesville, FL, USA

Fax (in cuatemala): 502-9-500-077 .

Eumpean Marbled polecal in need of conservation aclion

The European marbled polc.at vorneh per.suvd

tfr..s"rtrd is Iisted as a Priorily Species in need ol conservation
.rcrion iD both rhendi.,,lpld nfor nunelils dnd iwrrils(Scfteibcr
tt u|.,1989) ntld Snall Lamibrc dss?ssnett & mdnagc,ru'nt plan
t ( A M P ) (w irth et a1., 1993). lt is also lislcd in the I UCN rc.l li n
,l thr.ut?ned aninalt ^nd in regional red data books lbr the
li)rmer USSR and Bnlga.ia.

There has bccn a resurgence ofconscrvation interesr in lhe
nurbied polccat and the sreppe ccosyrren which it inhabits. The
r.ruse ofdeclinc in this subspecies ol thc m.rbled polecat is not
Lno$'n wilh cenainty but rhe steppe habint in the Bal*ans and
Ulrrinc is continuously undcr threat from intensivc agriculture.
Ir has bccn suggested thar rhc ccological pressures f{ing the
nrarbled polecal mry be similar to thal of the BlackJboted fencl

M"rreld riAlip.rwhich becamc extincl in the wild dnc to.onver-
sion ol its Nodh American prajrie habirat ( Schreiber €/ d/.. I 989).

Hisrorically the range of V. /,.1,?rc8&rrd was extensi!c.li
is now thought only 1o oc.ur in the Ukraine. MoldrviN. Bulgaria.
Romania, ibrmer Yugoshria (Serbia. Macedonia), and possibly
slill in castern Creece. Thc present distribution rs n
wilh rhe lwo l!.ger iiagmenred popuhri(nrs to the norrh and
'south divided by an 800 knr conidor.

Recommended consenarion action includcs field studies
lo deternire the population sliru\ and rhc distribution and ecol
ogy of the European marbled polecrr (including datn on i1s
rs$ciation with s@ial roden( and lhe Stcppc pole.ar Mrrkl.?
"r"rsndnniJ. Equally imponrnr i\ a ta\onomic inve(igltion of
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y.,.,iela ro ideolity thc validity of thc European (and orhet

The IUCN/SSC Mustelid. Viverrid & Irrocyonid Spccirtist
Group (MVPSG) has been approachcd ro assist wirh a number of
con servation el fons fortheEuropean marbled polecrr ir tsulgaria
and Romnnia. The MVPSG has agreed ro investigale thcdcvcht
mcnl or conserralron trogrammes rn rhese and orher .ountries
with a view of providing a regionrl conservation srrategy. lt is
hopcd lhat any conserlarion effon can bc inregfared in rn ccosy!
lcn approach to li'.ui on the so hcrn steppe regions. rhough we
as a group rcsponsible lor the conservation ol smlll carnivores
*ill still hishliSht the Europern marbled polecat rs a flagship

l'aul Robinson has been askcdroco ordinate rhc Vormela
Pr(tcca . The main task ahead is to idenlily current conscrlation
and research rctivitv in rhe European marbled polecat or in rhc
nurbled polecat generally.It is important to developa netwo.k of
conscr!ationistshesea.chers with relevanr cxpertise who rrc in
lerested rn sufporting this programme. Addit()nally. it is equ.rll]
.nrpo rdnr  r , ,  ( . 'n  nUnr. . , r .  s  Ih . i rh<r  con.r ' \  Jr ,ur  or f  anr : : I rnn.
inlol\ed with other k{a and/orhabilal manaSenent in rh. region.
Such a .rptroach will hopcfully prelenr thc pof'sibility of dupli

calion of etTorts and lhe waste of valuable resources. The nexr
\ l rpe sould be ro in i r i , r rc  r  s  u inp group too\r ' .eecon,errar i i ,n
activilies rnd lo inplinent a regionrl conservation sr.atcgy for y.
p. p?ftgusna, and to disseninrtc information to olhcrs on the
con.er \ r r i "n " ' rhc IuropeJn md'h leJ poleca. .

Schreiber. A.. Wirth. R.. Riffel. M. & Van Rompaey. H- 1989.
Wense!s,.inett, nongootes anJ tlrcn relatires. An A.tiu plan

lbr th( .onserrutbn of "t&rn ll/l d,./ y;rel.tllJ. IUCN. cland.
Wirth. R.. Byers. O.. Ellis. S., Foster Turley. P.. Robin!on, p..
VJn R, ,mf, le) .  H.  d.  SeJl .  U.  laq]  5n,  t ,  ra  \ 'p ,  rar ,  \  r t  n ,n
ossessntent ah.l nunasenenr t1d,. (laptive Brecding Specialisr

The MVPSG fequests thc assistance of rts orembers who
have relevant expcrtise.rnd knowledgc ol Volrx,fu 2"r"s!t,rd of
who can rssili in other rays. Please contact:

Paul Robinson, 41 Moss Lane, Hesketh Bank,
Preston PR4 6AA, UK.

@ ++ 44 (0)1772 816;170; fax ++ 44 (0)1704 506556
e-mail: pr8@student.open.ac.uk,

Abstract

Carnivores in a Central African rainforcst

Ra). J. C. 1966. Resourcc use patterns lrmong mongooses and
orlrercarnivorcs in a Clentral Africrn raintorest. Ph.D dissertation.
Uni lenry of  Fbr idr .  Cia inesvi l le .  FL.  251 pp.

lwo )-ears of research in thc Dzangha-Sangha Reserve/
Dz:rnga Ndoki Nationrl prrk in the Cen(fuI African Republic
proudcd ecological datN on aD assemblage of eight sympat.i.
Curni!orr (inctudmg thrcc herpestids. threc !iverrids, and 1wo
lelid\) rnd lhcir .esources.

The 28 km:siudy area was a mosaic ofhrbitats, includtng
loggcd aDd unlogged lbre!ts, which demonsrrated distincl diffef-
ences in community comfx)sition of large (> I 0 cm DtsH) xnd smrll
(< l0cm) trees. slern density (forboth lrces and lianas). brsalarea.
species and lamily diversity. and vegetrtion sructure (,tnilysed
1or both understory [0 l0 m] and canopy cover). Snlati Inmmmat
trapping rcsulted inthe capturc of 1.957 individuals of t5 species.
13 ofwhich werc rcdents and lwo shrews. The splcies composition
ol the rodenr community indicated a relarively undisturbed habirrt.

In prima.y forest. the fulio of Hflons.ls: prdor,r,r was
high. D"on]J was abundant. and species characreristic ot' savan
nahedge hab;tats were absent. Highest levels of rodent abu ndance
xnd diversity were attained in secondary frtresli detailcd analyses
ol trrp sites where ()dent species wcrc captures demonshted
that dense undcnbfy was imponant fof mosr spccie!. Repeated .
sampling during th.ee seasons overrwo years also yicldcd impoF
tani diilercnces in populatn)n levels of all specics in this highly
. e r . u n r l  f ' r e . r  { i t h o u p h . . J - , n J h l \  I n  b r ( . J i n g  ! ( r r \  }  u d ,
e\ iJenr .  Inr . r  )errdr l ler (nr( '  in  t , 'pu la ur  d{h re.  $ere e\en
'nore significanr. Radio track;ng oi livc hng-nosed mongooses

\H"rp?stes [XeMsalel ndro) ard one marsh nDngoose lA/i1d
paludinosus) relealcd clear sepanrion in rctivi!y. habitat use.
.rnd movement p:rllcrns.

A detailed analysis of predaiion on small mamnals by
Heryest?s naso ̂ n<J other carnivores indi.ated a highly divcrse
prey base. including l6 species of shrews. Analyscs of seledive
t.edatior on rcdcnl species for which popularion dens ies could
be estimated indicnted a tendency for small carnivores ro selcct
specie! inhabiring xreas with relarilely dcnse undersiorles or
lnrge rmounts of fallen limber. Inte.estingly, nor only was the
incidence ofprcdrtion on shrews untrsually high (asjudged by d
extensive lilcralurc suney), but monrhly frequencies ol rodent
rcmains in the scals closely n rrored shrew liequencies. Of ihe
1.066 carnivore scats collc.ted. 666 (62%) were identified using
seven techniques, including the analysis ofbilc acid pa(erns via
thin layer chronotog.rphy.

Deta i led ident i f icat ion of  mammal ian.  r r thropod.
herfxrlofauna. flsh, liuil, ,rnd bifd contents in scxrs revealed clear
dietary separation between mosl of the eight species in rhe
comnunity. Those species that experienccd I relatively high
degree of ovcrlap in the diet wcrc rhe most likely to exhibit
differing habrtat use or activily prtte.ns. The diers of all spccies
were dilerse. bur two sFII€.ies (Atild patuainosus aod Cirettictis
. iretud) were relatively spccializedby vlrtue ofrhcirrcstricted use
of hxbitat. Arthropods dominated rhe scats of all spcies except
the two lelids ( Prole/lr dl'/ ruk! and Punthera paftlus), which wcre
spccralisls on mamnrlian prey. lt is suggeslcd that the mainre
nance ofrhis highly dilerse camilorc community was lacilitated
by the breadth ofthe resource base. mrrkeddegree ofmicrohabirar
hete.ogeneiLy. and high levels ol abundance, or high rares of
rencwrhility in sorne prcy groups.
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interested in mustelid, viverrid and procyonid conservation and to stimulate

conservation related activities lbr the species involvcd,

In order to do so wc should be financially indcpendent.
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