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Abstract. Althorgh it remains virtuall)' unknown to western scientists. an insular popnlation ofpitvipen in

norfieastern Chinahas atlracted intensivc study for > 30 vr The smitll (< l kmr) island of Shedao lics on a

migmtory palhway fbr passednes. and the regula] spil]g and autumu migrations of these blrds luppot a

rcmarkably dense population of endemic pil\'ipers (Glor.lius shed@entis) Adu1t pitvipers ofboth sexes

average 60 70 cm snout rent length and prey alnost entirelv on birds. Juvenile snakes leed less ofteD than

adul$. andconsume invertebrares as $ellas bids Reproductive output is high, perhaps because the assurtd

food supply after panurition each year mininizes energy based "survjlal costs of reproduclion " Offspring

size is large, presunably as m adaptation |o fte paucity of small prev itens on thc island The snakes

ambush birds from trees and shrubs as well as from the ground: arboreal ambush sites xrc more frequent in

.juveniles than adults. Snakes are inactive for most of the vear apart from brief (6 wk) pedods of bird rnign-

lion in sprirg and autumn. Even in peak periods. only one-third of !n*es are active erch dav The s1'kes

display hi-qh philopatry and high energy assimilation efficiencv Rese.trch on C. rleddoensis has stinulat-

ed major conservadon initiarivcs to eliminate illegal collecting, reduce fire fiequencv. increase water avail-

abiliry, reduce the nunbers of introduced wceds and rats, revegetate areis xlTected bv l'tndslides' and some-

times directly supplement food supplies for the snakes Since these management strategies commenccd' the

nunbers ofpit\ipers have ind€ased subst.tntialy ard thc age stucture of the population has shifted

Key Words. China;Conservation;Foraging; Gld)di&s si?rdoerrtri Reproductionr Viperidae.

Stud;es of snake ecdogy have increased dra proportion of the world. For exanple' Norlh

natically in number over recent decades (Shine and American s t'er snakes (z?dmnophis \pp) ^r't nr

Bonnet 2000). Although this increase has involved tlesnakes (Cfatdtus spp ) and European vrpers

an expaDsion of the geogr,tphic and taxononic Iu�ge (Vperu spp.) continue to be ihe subjects of a Ingh

ol study. nost research lras continued to lbcus on a propodion of all studjes Thus, much of the expan

relatirely sn311number of ta{a in a rclatively sm.tll sion of rcscffch on snakeecologv hns involved morc
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\ork on alrerdy $rdied rxxx rnd arc!\. Br\ccl oD Lhc
conlent\ of ieceft ismes o I hc|?.lo k)gic.rl or ccolog
icrl jou rls. or revie$,s ol srrlic c(ologr (Scigcl

and Col l ins 199: l ) .  onccould imlg inc thrL thcrc hr \e
bcc| \ir rl!) no det,riLed studi.s on thc ccologl o1'
thc sl.rke t:run:r olef LrL:e frli ofthc wo d.

This rppafent reglecr nray rell us as nrurh rbout
t r  l - . r ^ o  . , r  n u r . . : l r '  e  e e  . i  l

r , t  r  . .  . . -  ,  1 . ,  ' .  r . ' . '  : '  ' i  r  l  r ,  . l i  r . i
bulion ol feser.ch elT.ni In rhis t.rtc. \c rclic$ thc
rcsLrlts of r tdongcd xn.l ambitious nsc ah pro

l . l l l  o '  c f  t  t '  l t  J  , . ' . . . ' t f

a progrnm rrgurLbl)  r i \x l ins.\cn Hcnry S. Firch's
hcrculc.u etlons (Fit.h 1999) if sonre rstc.Ls. Thc
Shcdxo rese ch prog|llm is surely onc of Lhc N)sl

xmbitions coi\eA,riioD oricnrcd ccok)gicrl \tuclics
. r L  R  ' . ' . ' \ t . . ,  t , r , . .

r .  l \ < 1 ,  ' F  ' J  ' .  f  | . ' l l '  . . i ,

1 , . , . , ( \ <  .  '  " r " . I .  r . , l  |  . r  B . - | i t
. . . , r  , { l n  . " . 1  '  r l l  . ' . i .  '  l .  r r  . . r ' r l
Chi|]cse la|gnage toLrfl ls. ihe rcscdrh clnicd out
oD Lhi! uror has itincted very litt!. rllcnl()n lun
rcscarchers \\io pl'blsh ln Nestcrn LaDgu!!c

{E| ]g l ish.  Ffeuch.  erc. )J  '  ru ls .
l |  an r t tenr t t  tu  hf ing rhc a h in. \c  rcscrrch 1o

rer f l ts  of  r t r  ies on lh i \  s ! \ |cm. This i \   . ,  "
nrrightfb|i,,.ri irn( he\ ious I-D.1rlish lxDg!agc
puhl ic . t io l l  on th is  sy l tenr  (Hum: 1989!  I - i  19951
gcncrr l l )  p i r \ ide cofc lu i ions hut  rot  rc lual  r l l t r

r )or  s t i r t is i ica l  Inr l lses l1) f  |hc r t$
d.rta. we hrve Sore to thc originll fuh
l icat io fs .  I r  cnses $,hcfc sulJ ic icnt
detr i l  is  a! r i l {b lc  wc hx\c cxr icc l  out
strristical rcsts on ltprofrirtc hlfolhe-
ses (rtll n'ch lcns 'r th'\ txpcf xrc or I
o$n.  f rdref  rhrn rcpo.L ing o l  pr i ( t r
anr lyses) .  Nlo\ r  of  lhc ahino\c patcrs
do not if.lnde su.h tc(s. rrrl oltcD (hct

tfo\'lde orlt rlcrr-gc vrlucs (nlbcil.

dien wilh rcconrrxnlmg SD!). Il w.r5
not rhllls Jor\iblc to ric\. orignrl
dxlx bccru\c nunrcrous \r,rkcN have
heer ir\ollcd. DuD,- o1 shom .lle r)o\\'
ieiifed or .1cc.!!c.1. \Jc rln) lftJni r
Jn jof eiulls thxL wcrc simpll tuNrlccl
r i  conclus iors in  Lhc or ig inx l  s tuc l ics
Becruse Chinc\c $or l icrs  h! \ .  (eDr lcc l

ro nreitsurc trairs othcr rhln tho\c l&di
r ionr l ly  quar t jJ ic . l  by $cstcnr  $orkeN
{rgr i r  rc lcct ing thc hck o l  i | lcn)r l io l r -
r l  conrnrunjcaLionl .  wc suf t ) lc l )cu l  lh is
fe! ie i l  i ! i rh  of ig in! l  cht r  l rorr  o! r
fecenr !ollrbortL\,c sL(1rc\.

;i, Nt^l ERI,\LS ,\ND NILTHODS

' 
Stll(lJ ̂ rea

'  ; r .

Iiigure L Thc Sh.dro nil\ ifci. a;r^rftrJ r/rfrd,arit. il i ttpicrl !d{

Shccko ( l iLcrx l l , - .  ' ! rxkc is lurd )
l ies ppn)x inrr tc ly  l l  kr r  (7 n: ru l ic : r1
mile\) olT thc corst ol thc Lixodolg
Peoi l rsLrLr  i f  nof iherstcm ahiDr.  iD lhc
Bohr i : ier  (38 'a7 N.  120'5t ) 'E) .  Thc
is l r l rd  is  0.73 knr ' i r  o \cr ! l l  s izc.  rnc l is
!e^ s ieet  s ided lh.  h ighost  pcrk oI
the is lxnd ls  l l5  m rbolc s . r  lc \c l .
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rigure 2. Wcather records lrom Sh€dao, bascd od a
Beteorological slation set tlp on the islxnd The gr.plis
shos mea; ninima and rndinia (uDperemplr) and mean
ralues and srandld deviatioDs lbr daily records (loser
graph) over the ycds 1990 97

Several epheneral waterrourses runin shallow val

leys on the southeastern side of the island. but ihere

is no permment wqter except for thar provided bv

hunan activities (s9e below). The island is lbmed

by sedimenlary.rodks thar havc been deeplv folded

rnd fractured, blg4ing nany crevlces that Fovrde
retreat sites fbr snakes. The island was formed by

uplift about one million years ago, but was con

necled to the mainland (Liaodong Peninsula) intel

mitlently du ng Pleistocene se.t level fluc[ranons
(Li 1993: Zhao 1980).

The climate on Shedao is highly seilsonal. with

an annual mean temperature of lbour I 0'C Winters

f lc .e\ere l )  co ld.  DLnng rhe ' ,d t ( '  r1 : r in  rcr r \ ' )

penod'  'Ma) rna \e. rc . r lber , .  r i  remper, , rure rvpi

cr ' l )  mrge'  f i^m l0 '0 'C, l - rg 2 Rain fa l l '  pr i

marily in summel (June Augusr' The island is lie

quently exposcd to srong whds. typicalv ftom rhe

southeast from March July but switching to the

noflh in Septcmber. Despite its small si7e. cool cli

mate and lack of sLrndine watet the island supports

209 species of plants. ExcePt lbr vcrv steep ilreas,

most parts of tlre island rre covered by shrubs or

trees. The species conrpise plants typical ot

Northem Chin.i. Sxrveys have rc\'e.iled 143 irvere-

brate taxa on Shedao, pdmarily afthopods Apan

lron,  5hcJro f i r \ iper .  he onl )  ter  rbrare l i \ i r '

permancndy on llre island ar€ one microchiropleran

bxt (Pip^hzllus ahrut]1tts), the introduced brown |at

(Rdt&s,a .stckr), and scablds (bl.tck-tailed gul

Iarus oassirastris; Chinese egret Eqrctta eulo'

plores; nonhem white runped swift AP,s pd.ri4."s).

Each year the island is visited by large nunrhers

of migatoq' birds (at least 84 specics total. 50 of

ihem passerines: Snake Island SuNe) Team 1973'

197,1. 1976i Shine et al. unpubl. data) The migra-

tion occun in two discrete seasons, in spdng (mid-

April lo the end of May) rnd autumn (late August

uniil the end of Octobet. Most of these transien!

birds probably rcinain on the isl,tnd lbr only a few

days (Snake kland Survcy Team 197'1, 1976) rhe

peak of the bird migmdon periods occurs before (in

spring) and after (in autunn) $e m.tjor snake activ-

ity periods. presumably bccause thetmal condirions

restdct snake fonging more than bird nigmtion

Hisiory of Bcological Rescarch
Although the island and its snakes must have

been known to local people (fishermen frequentlv

lisit the island in smnll boats in calm weadrer), the

firsl scieniific repots oi the extraordinary density

of pitvipers on Shedao date fron the Japanese

occupation of Manchuria iHasegawa 1932; Koba

1933. 1938i Moi 1932). Alftough based on onlv a

single day's daia collcction o. the island, Koba s

1938 paperprovides a long (20 pa-se). detailed' and

wcll-illustr.iled account on topics such as the

snakes' moehology, diet, and fecding behlvror.

Chinese scientisrs began significanr research

on Shedao ir the 1950s, although nost papers were

bricf and many were seni-popular(wu 1957, 1958.

t o r , t l .  l h e  i n : t i d l  s l i m u r u .  t o r r l , e  q o r k  $ a .  s . e n

tific curiosity but with increasing underst.tnding of

this remarkable system the emphasis began to shift

towards research on conseNition issues Seveml

nrajor papers were published in the 1970s under

collcctive authorship ol the "Snake lsland Sunev

fe, ,n,  inc lLd 'n!  r  .er l i 'popt  hr  .  nrhe ' i 'o l  maio l

resul$ in 1976. The tesearch was broadly-based,

and included exrensive surveys and analysis ofthe

island's flora and fauna, not sjnrply the snakes (e g,

s
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Huang i979). For example, avian migration p3t-

tems attmcted detailed study.

Tarcnomy
Early publications refer to the snake as

Askistrodon hdlrs, bnrzhao described ir as a sepa-
rate species in 1979 (Zhao 1979) based on moryho-
logical traits. Zhao recognized two disjunctpopol'-
tions of Agrirtrodon sl€datsnrrr' one on Shedao
Island and one in mountainous areas of the mam-

land (Quianshan Mountain 90 km S Shenvangr
Long-panshan Mouniain, 100 km N Dalian). A sub-

sequent paper by Zhao (1980) exanined the taxo-

nomic distinctiveness of the island siakes in much
more derai l  u ' ing n wrde ana) ol  Jara including
electophoretic analysis of venoms' renom toxicity,
immunodiffusion, and scalation counts (see also

Chen et al. 1984). Zhao (1980) also interprcted rhe

biogeographic history of the taxon The distinctlve
ness of G .!r?ddo€u,r w.ts lurther demoDstrated bv
Jiang and Zhao (1980). wbo comp €d (;'

shettaoensis with mainland pitlipers in terms of

ecological traits such as hrbitat use, food habits'
daily activity cycles, seasonal activity pattems' tol-

erance to low tempentures, and rcproductire biolo
gy (dates of paturilion, litter sizes, olTsprjng sizes)

Since those studies, most axthorities have
neatetL G. slrcdaoensis rs a sepdate species (see

Literature Cited). HoweYer Ji er al. (1989) treated

G. shedaaensis as a subspecies of G. savltilis'
based on similarily of coloration and scaiation
Electrophoresis of23 pres mptive loci failed to dis

ringui.h berseen C. (dri?,irr Jnd r|h'do "t15i5'

although this technique differentiated all other ta{a
investigated (Murphy et al. 1993). Genetic stud'es
indicare rhal rhe r$o O. .r?danPa';r  | ' tpu'Jl ion'
are very similar to each other. bul distinct hom G

rarr i rs \ShJn el  al .  lor lJ,  lhe o\errU cunclu' ion
from this wor".eem. ro bc rhar C ' r"dro'  a ' i '  i '
indeed a dlstinctive laxon. albeit closelv related to
G. r. drilis. Recent changes to the understanding of
higher level phylogenetic relat;onships lv hin
pitvipeN have led to division of "AqkisttuLlon.

with the Asian species now alocated to Glo)di,r
(Gloyd and Conant 1990; Parkinson et al. 1997)

RESULTS AND DISCUSSION

Venom Compositiotr, Toxicity, and Yicld
The venon of C shedaoensis conr^ins no

detectable neurctoxins. and hence is less toxlc tban

Herpetological Natural History, Vol. 9(1), 2002

rhe venons of most other Asian pitvipeN (Zhang

1989i Zhang and Hsu 1985; Zhao 1980; Zhao et al-

1979). Interperitoneally ;njected LD50s in mice aver-
aged 0.81 mg/kg (Zhang xnd Hsu 1985).In compar-
ison, LD50s averaged 038 fot G intermedius'
0.Jl-0.0J ror6., 'vrde" ' i r '040 0.E8 lor C br"ur

cad,r, and 0.83 for C. saz,il,s (Zhang and Hsu
1985). A norc rccent study suppons most of these
conclu' ion'  tchen el  1l  lou2r '  (hine'e 'creol i ' r '

envenomated by G shehoensis have developed
massive local sweling but few or no svsterdc svnp-
toms (LS, pers. obs.). Hospilalization for p io 2 'no

can occul after r very severe bite (LS. pers obs ).
Fangs of adult G. shedad€tsis average 7.4 mm

in length (range: 4.5-100 nm) and the venom
gland weighs an avemge of 163 mg (50 310 mg:
Wu 1977d). Asinglebite yields approximatelv 96.5
mg of \enom ,2' .5- l5h u mg' A snale reqr ' re '
about 10-15 d to fully replenish its venom supplv
after emptying the glands (Wu 1977d)

Morphology
Glqtlius shedaoentis is a relativelv large

specjes, with a n1axnnuln recordcd bodv length oi
99 cm (Li 1995). Aduhs average about 60-70 cn

total lengih, compared 1() < 60 cm tbr most other
Chinese species of CL,l'dtas (Zhao 1980) Gen'ral
body shape is similar lo that ol congeneflc taxa
(Gloyd and Conant 1990) The dorsal scales are

strongly keeled, and the overall color of the dorsum
ranges tiom dark grxy to pale pinkish-gray
lneguldr l rchr coloreJ blorche'  breJ ,rp rhe 'ni-

mal's oxtline. such thiti the sn.tkes are well camor-
flaged, boih in arboreal and terrestrial situations

Early studies provided daia from dissection of

snakes to quantify relative nasses of medicinallv
important componenls of the body such as tht

stores. gall bladders and venom glands, as well as

the gonads (wu 19774) This work documented
higher fai reserves in adult females than ln adult
males (wu 1977z7). Li (1995) ptovided an English-
langurge revi€w of scatation. bodv size. color and

skeletal moryhology.
Males and fenrales anain similar adult bodv

sizes (Table 1). Analysis of our own data on SvLs
of ad lt snakes confims that mean adult bodv sres
are very similar in the rwo sexes (unpared rrdr =

I 14. P = 0.25). Body sizes at maturitv are known
with contidence only for fenrales: the smallcst
female of 79 aninals rccorded to give bfth was 54

cn long (Sun et al 2002)
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TABLE 1. Body sizes ald sexual size dimollhism ofShedao piwipeN, Glolir snslad?rsii. Table shows values rbr
total body leryrh. except that fte last row shows snout vent lcneth and is based only on adult snakes (estnnated ar > 50
.n SVL). All measurement! in cm.

Males Females Ref€rerce

mean (SD) range mean (SD)lange

78
28
4 l
8 1

9' 8 7

l 9
.  4 l

48.0 78.4
61.2 82.0
53.3 73.0
54.5,80.0
51.0-69.0

6,1.4
10.2

s9.8 (4.s)

69.7-84.0
60.0-79.0
50.4-'�78.2
5t.2-'�76.1
50.0-74.0

69.3
68.3

60.? (5.0)

Koba (1938)
Snake Island Su ey Tean (1973)
Zhao (1980)
Ji er ai. (1989)
Shine et a1.. unpubl. data

Life History
Chinese researchers have classified snakes us

"juvenile," "adult," or "old adult" based on body
size, color. scale rugosity, and the presence and
number of white spots on a snake's head and body
(Li et al. 1990; Snal(e Island Survey Team 1979).
These "white spots" are unpigmented scales.
Although long tern mark-recaptue programs have
been a central feature of research on snake ecology
in western countries and in Japan (Fitch 1999;
lukadi oq2' .  Ihe) hdve not been empl^)ed in
China. Such a study has recently conmenced on
Shedao, to clarify gowth tmjectories and age stl1rc-
ture of the Shedao pitviper popularion (Sun,
unpubl. data).

Demography has been well-studied, with se\-
eral shorr telm mark-recaptue censuses to quantily
oorh ab.olJle number. ol  .  ule5 and p"pJ dl ior
composition in terms of sex raiio and age siruclure-
Females generally outnumber males in these counts
(537. of 1638 snakes in Li et al. 1990 againstanull
of 50E , t= 4.s2,dl=r. P < 0.05). The prcporron
of the population composed ofjuvenile snakes has
decreased through time because heavy commercial
harvesting removed many adult snakes during the
earliest years ofstudy (Huang 1990). wiih the ces'
sation of harvesting in 1980, relative numbe of
aduhs have jrcreased. By comparing numbers or
offspring born to the rate of population recovery
Huang (1990) estimated an annual survivllrate fbr
neonatal snakes of approximately 567.-

Seasonal Aciivity Pattems
Tbe snakes hibenaie through the colder

montn. of  I \e )ear.  emerg.ng rD mid Atr i l  dur ing
the first bird migration period (Huang 1989; Lt er
a1. 1993; Snake Island Survey Team 197,l, 1976).

Juvenile snakes tend to emerge befbre adults, and
adul t tmale. beiore idul  mrle.:  'uch a pat lern i .
quite unusual among snakes (Sun ei al. 1993.
2001). Even at the peak of the bird abundance. only
about one-third of snakes in the population !r'e
acrive on any given day (Sun etal. 1990). This esti-
mate was derived by paini-marking snakes within
large field enclosures, followed by visual censuses
to determine the proportion of marked snakes
aclive at different times. Dudng surnmer the snakes
are largely inactive, and remain hidden except after
rain showers (Li 1995). The aurumn bird migration
period engendeN a similar level of itctivity to the
spring migmtion, with the snakes disappearing to
dlei hibemation sites in late October Detailed
analyses reveal subtle seasonal shifts in habitat use;
for example. the Foporiion of snakes recorded in
grass versus trces varies among months. The snakes
use boih habitat types fairly equally in n;dsunmer
(when there are no birds io eat). but tend to be
found more ofien in trees dudng the bird-migration
periods of sprjng and autumn (Snake Island Su ey
Tean 1974iYang 1986). Such shifts may, however
reflect seasonal biases in obser,'ability (dre to veg-
etation growth in summer) radrer than (or as well
as) actual changes in snake behavior.

Because palturidon is highly sea.sonal, fie age
structue of the populalion shows regular seasonal
fluctuations. Neonates are most abun&nt in lale
autumn. soon afier binh (Snake Island Survey
Tean 1974).

Diel Activity Patterns
Within the main seasons of activity, the snakes

also display regular diel patterns of movement.
They typically spend the night on tbe ground, ofien
under rocks or grass. They cljmb to their ambush



sites early in fie nloming. stay there for a fc$'hours.

fien retreat to the ground in the late moming (Sun

lquO s l r r reerJr . 'n02,r '  l \ r )  r i rurn r , '  rhe r ree.  'n

rhe lare J. ,erno"r .  de 'cerJ ing ar  ou ' l  Sorne rn i

mals remain at their fbragjng sites ovemight. and

others nrove about ,tclively dficr dark.

Home ranges of indilidu.tl snakes i.clude an

overni-ght reteat site (on or ulder the gu'nd) plus

one or more tbraging sites Thesc are typicallv close

together (Sun 1990). lndilidual snakcs usuallv

retum to lhe same foragirg site over long Pedods of

nrne.  l  d  'p lJ jed 'e !er  ro rhe e\ r .  , r  o t  being

removcd from the island and rcleased in the sea nerf

by ' .  lheJ rdprd l )  r r r rm ro rhc i r  onPin! l faprure ' i re

(Sun 1990). Snakes displaced 500 m fiom Lheirusual

home rrnges retumcd within I week (Sun 1990).

Although thennoregulatory biology has played

a central role in the study ol snake ecologv. it has

attracled liitle direct interesr ftum Clinese

researchers. However. thcy hare noted lhat diel

shjfts in anbush-site selection (especilllv. the tcn-

dency to spend thc niddle ol the day on the ground

rather than in thc trees) may be drjven bv theflnrl

cues (e.g., Li 1995). Also. lhc snakej retreat to deep

burrows fbr rhe winter is presumably forced bv the

lacr that the ground freezes to depths of up !o I m

(Sun 1990). Bun:ows uxcd during winler typic.rllv

, i \ c l e : r l l r a e r  b l o c k r r !  r h c  e  , . m l J c  r h u ' o r o \ i . l i r g

additional ins lation againsl selerely low air tem-

peraturcs (Sun 1990). Hibcmating snrkes typictllv

display body lemperatures belween 2 and 5"C (t iel

a1. 1993). Themal factors rnay also explain whv the

snakcs do not co mence loragirg undl after the

peak of the bird-nigratbn peiod in spdng. rn'l

cease tbaging pdor to thc end of the bid-mjgrxrion

pcriod in autunn (Shinc cr al. 2002r)

Repmductive Biology
Reproduction by Shed.to piivipeN has attrarl'd

substantial study over { long period of ti'nc

Seitsonal cycles based on sizes and histolog'cal

ex.tnination oflhe testes xnd ovaries werc reporicd

by Yrng (1983), who infened fronr these dat{ rhar

most matjng occured from Augusl to Ocloher

Tesles are largest durjng midsumnrcr (June July;

Yang 1983). Spcm arcprcdnced fr('n April to July,

arJ Ic ' re '  rnd epidrd lme.  . l  daulL In '  ( '  corr ' in

Indru .  \permdr i i /oJ r ron JLI- -Ocr !orr '  OtL l : r i  n

occurs in June. wilh pafurition fiom lalcAugust to

mid Ociober (Sun et  a l .  1993.  1994.2002).  Mosr

birLhs occur dudng Septenber (Sun cL al. 1993).
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MaDy paper! rcport litter sizes. nrostly frcm

dissections of gravid femalcs (e.g, H ang 19891

Snake Island Sur\cy Team l974: wu 1977d). More

extensive data crme fiom x study nr whicl ncar-

term fcmales were captured and nainlained in crp'

tivity unlil they gave biih (Sun et al 1993, 1994.

2002). Srillborn otspriDg are rare (5 3'l. of

neonaies were stillborn: sun cr al. 1993) The pro

portion of reproduclive animals in samples of adult

females averages around 257.. slrggesling a '+ yr

reprcductive cycle (Sun et r1. 1994). For example,

L i  pr  . ' r .  ' loq0.  epor .ed r \Jr  '2  of  r2I  adul t  ' ize

femalcs were grxvid during summer (23Eo) Of 6a

femalcs $ith lengths > 900 lnm. only ten werc

gravid (15.6'l.). The authors suggest thal this 'nav

leprescnl a significant declinc in reproductive fr'

quency with incrcasing body size (and thus. per

haps with age) bur statistical analysjs does not sup-

port Lhis inference Or = 1.60' d/= l. P = 0.25). The

f r " p o n i o n  u f  r e o r o d u .  r ' r  J  n , ' l  n r )  \ : ' r \  i n

response to yeff'to-year variaiion in fbod supplv:

cer : ' i  r l ) .  le l r : '1 .*  dre i r  h igher  o.  J)  .  ondi r iun i  '

some years than in others (Sun et al 1993, 2002)

Studies on reproductive outpuL show rhar

lemalc G. sreddo",rir produce a remrrkably hexvv

litrer reladve to naternal nass and produce vcrv

lafge offspring (Sun et xl. 2002) In both respccts.

thcy difter substintially liom related ta{a (includ-

ing the maiDland populaLion of G shedaocnsis; Li

pers. conm. 2000). The very high relative clur'h

mass (0.80 \,s. < 0.50littcr rnass as percent female

poslpartum body mass for most otlrer pitvipcn)

may rctleci the fact that some components of lhe

costs of reprcduclion (posl parturitn motality?)

are low on Sbcdao. Because patunlion occur just

bciorc the aulumn bird migratrrn, post parlum

fenales face little risk of dying lion sr.trvalion

befbre they c.tn obtain food (Sun et al. 2002). The

largc otlspring size on Shcdlo (14 vs < 7 g jn orher

Olordi,r) plausibly leflecls the scrrcilv of srn'll

prey on the js lrnd. Neonatl\l G. shdaoenlis rh^r'rre

ioo snall to jngesl passernres must fccd on jnvcrle-

bnies, thus eDforcing strong seleclion tor larger

lize ai birth (Sun el aj.2002).
' I  

l 'ere r  eq tuhl i . ' reo o, , r , ,  on behdiof '

associated wilh rcproduction. becr se counshlp,

male lnale combat and copularjon are rnrclv

ob.er \cd on ,hr  : . ldnd , l  : .  pe^.  o ' .  ' .  Cooul : ' r i^ r

c - n , . r u r  I n  b " r h  d r b o r e  l J n d . e a e J r ' r '  l o c u r i ^ n '

! L i  , n o < , .  J r J  r r r )  b e  r c l : r r . \ e l )  b r i e .  l l 8  n ' i n

duration: Snakc Island Survey Teanr 197'1. 1976)



Shine et al,-Ecology of Glo|dius shedooensis 1

unpubl. .lrt.r). Crpe-limitation
is importrnl with sonle bifds
being killccl but lhen rejected
he.ausc they are too lafge !o
sw.rllow (c.g., do\,es). shedao
pin'ipcrs rrc .rble lo s\rallo$,
prey jtems th{t $,cigh as much
as the snakc iLsc l l  (L i  1995:  F ig.
3). Juvenile snakcs r.rke snrrll
bids. bu1 also lbcd upon invel
iebrates. Of 12 prey items lionl
juveni lc  $rkes,  seven $ere
birds. lour Bcre ceniipedes
(O/or/l8n!s Zlitrr), ard one
was an ilofod (Metoponofthr!
piilrorrr: Snakc Island Suliey
Tea,n 1971). Rcscarchers have
seen pitlipcrs approaching the
nells ol scagulls (presunably 1o
fccd on chicks). but the lnakcs
werc rhcked by ihe aduh bifds
(1,S. pcrs. obs.).

Shedao pitvipers require
3 7 d (depcDding on the size of
the prcy and \eaiher condi
tions) lo lirlly digest their pre)
(Li cL al. 1990), bLrt they do not
cersc longing during this pen
od. Sone snakes in ambush
poscs conlai fieshly in8eltcd
bids. For exalrlple, one samplc
of adtrlt suakes ircluded ten
inakcs wilh empty stonlachs.59
$rakcs wilh a single bird ir
cxclr. nire snakes each coDtain
ing two bids. and one w'lh
thrce birds (Sn^ke Isl.rnd
Surlcy Tern 1974). Of l6juvc-
nilc snrkes. six had e'nptl
stonr{chs. cight contained sin

Food Habits
Adult Shedao pit!ipcrs lted almost exclusivc

ll, on bifd!. Of 8l prc) i|ellls fecorded i'r adull
snrkes b)' the Snakc Ishnd surveyTeam (1974),80
" . r ( b  a . r n J ' r e ' ' h , r " : r ' J r . r  l R  , , '  4 . ,  ' . :
.!t. Aralyses ofitonra.h contcnls h:rve docu'nent
cd prcdatior or 2:1 specics oi bids. all of them

t . * r  r f  *  e \ c <  ' r  I . r  , \ " . t ' r i . *  o  q r J . l r . b , , , r , '
catllmi\, Tt!t'11, lahki). Warblcrs rnd buntjn:s dre

. , .^o:b l )  .he |  ,uJ r  f i i r . ' r  r r ( \  cro,  ( ' r ' r r

glc prcy, and two contrincd hvo piey jtems each
(bird plus cendpede; ccntipecle plus isopod: Snakc
Icla d Suney Team 1974).In other studies. are pm
portion of snakcs coDtaining prey in autunrn avcr'
aged about 20% nr rdults and 10'l. in juvenilcs (Li

1995;L i  et  a l .  1990).  Acluh temales typ ic{ l ly  con
Lail] lbod nore often tl n do adult males (267., !s.
22C. in Li et ai . ! 990). SlatisLical inal,vsis of the rrw
data used lbf these conchrsidrs reverls that tfie dil'
lcrcnce hproporlions with food between adults and
juveniles n sjgnificaDt (xr = 9.03.,1/ = l. P< 0.003)

Figure.l..\ Shcdao pn!ipei Ol,fdnd rr../d.,,,rn', $\a!losirtg a blfd
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=:tF

whereae thlrt bct$ ccn m{les and fenales is ot (Z- -
1.05. .f = l. I = 0.31). Thc k)$ef rare of feeding rr

Juvedle ikes n y rcsult from gape limnndor:

Juvenile snakes r unxblc to iD:est nosr bird
species h ihe area (Lict rl. 1990)

loraging BehaYior
Snakes catch bifds from ambush. and tbragrng

snakes displa) distin.tive postures arxl patrerns .)1'
habitai selection. AlLhough s(nne birds e raken
frolrl the grourd. mrn) de c.iftured on arboreal
pefches. Snakes lie \!ilb thc hexd facing oLrtrvards
along a birnch appfoxinralely I m abole the
! r o  r r d .  r l e  n r . h , . l  .  L  - n e d  I n r o  J  . o , . e | |  n : r
shape to pcnnir r rrpid strike $hen a bird alights m
fiont ofthe piLlipcf (Fig..l). rhe nrcidence ol arbo
r e t l i r )  ( \ " .  o . ,  s  i r l  r L r .  . i , e  .  h e  . n r . .  J p t  ̂ \ i
nately 907. ofiulenilc sD{kcs are tbund above rhe
ground, whereas dris ic rruc ior oDll 63% of adults
(no ra$' data rvailabler Li 1995).'1hi\ difiefe|ce
nray be partl,! attriburablc Lo the lo$er visibilib of
snall smkes on thc g()und compafed to i| :r rcc
(Sun et al. 2001i Shinc rI.1 Snn 2002). The heighl
above grou d lo which the snakes cljnb io adopl
thel ambush posLufc rls) difiers bet{'een igc

Sroups (adults iypically climb to I 1.5 m.jr\,eniles

to 0.5-l n) and ilso v{fics with the tinre of day
(higher in the morring rhan Lhc aftcmoon) (l-i
I995: ro ra\l ditr r\ail.rblc).

AlthouSh rnost pn\ .rr uDdouf'tcdly taken
fiom ambush sites. Sbedao fitlipch will also eat
dead bids or those lrrppcd in mist Dets (Sun 1990).
Thus. thel clln lbragc acLilclr a! $'ell a! anbLrsh
thejr pre). Becausc srn{ll snrkes ollen snjke and
kill birds ih:u:rrc lm largc i(n drem io swallo\l: an
actively toraging smkc lnay wcll cncotrDter a dead
bifd or ihe glonrd. The tulcrtcbratcs trken b!juve
nile pinipers arc presxl]]abll takcn rt nilht by
actile tbraging: ii is comn n to see small snakes
rnovirg about rt rhis linrc {RS. pers. obs.).

Sone bicls lakcn fir)m bofeal Frches are
fetaired after dre inilirl (ikc, whereas othe^ a1e
struck and released (RS, pcfs. obs.). ln sonre cases.
rhe snake talls otT its perch cithcf rt Lhe time ofthe
'  i  e  J . .  , l x o v  r .  b o . l )  l  { v . , r J l  .  l  r .  : F  r l
siruggles wiih a biid thar il lrrs scizcd. In othel
case! it rerains irs trold o lhc btunch {n.l m{y swal
loiv dre bird l\ithort lcaling thc trce.

\ n  . 1 , .  ' . 1 . -  J r . r b  r J '  b  r J .  ' r "  I  r "  - " .  a  l .  t e ,
These usually involvc a lightly coile.lposture. oilen
$'ith the head tncnrg to\ards aD cxposed open afea
lrch as a rock. Co monlt a snrkc rlill lie wiih

FiguN. l .AShedaop j l \ . ipc f ,C lo ) ln^ lk t lu f tn . r i t , -p ica l l c rcsda l fbmgingpose
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only its head visible, and the rest of the body hid-
den under leaf litter (Sun 1990). Surveys suggest
rh,,r  appro{ imdrel}  r$orhird. of  .nrkc" L.e !rbore-
al rather than ienestrial foraging sites (Snake Island
sur\e) ledm lo74,.  br, .  !hi .  enir ldre naybern. i -
tive to dilTerential obseflability of snakcs in the

Studies on 17 captive snakes have qilanlified
the efficiency $ilh which the snakes citn tum bird
biomass into snake biomass (Wu l977d.b). These
snakes nnged in mass fton 53.5 l88gpdortoihe
€xperiment. They ingested 15.(H2.5 g of mice,
and gatued 2.0-36.0 g in body mass- The mass
gained as a proportion of mass ingested averaged
.13.4' . .  , ,nJ 'an!ed from .0 /2 - ' ;  ReBre"ion
analysis revealed no significant relatioDship
between assimilation efiiciency onass gaincd/nass
ingested) and absolute body mass (, = 17..= -0.13,
P = 0.61).

CONSERVATION ISSUES

Research by Chinese scientists identitied a
lunber of polential or actual threats to the Shedao
pnviper population (reviewed by Huang 1989 and
TJIg loqu' .  Ihe,e can be c d,. i f ied i f lo r \o mrior
lypes: threals that involve human activities, and

Effects of Human Activities
Commercial exploitation. Pior to the com-

mencement of research. the Shedao piiviper popu-
lation was heavily exploited for commercial pur-
poses (Tang 1990). The snakes were killed to nake
" n : - k e  u  i l e  o r  n a l e p o $ d e r ' { , o l e e d r o d o m e ' r i c
pigs. Snake venom was used for medicine.
Research ro document this thrcat involved a com-
parison of population estimates from earlier work-
ers to assess snaLe numbers through time. Although
the data were imprecise, they suggested a strong
decline from ihe 1930s (approxinately 100,000
snakes: Koba 1933, 1938) to the 1950s (50,000
snakes) and continuing through the 1970s (20,000
snates) to rhe early 1980s (10,000 snatet (Tang
1990). Regular nark recapture sludies (xsing shon-
telm paint-marking) were il]stituted, io provide
more robust estimates of actual snake densities.

Introduction of feral plants and animals. The
leguninous vine P,e/a/ia lol'drd is the lnost impor-
tant thrcat in this category It is it strangling creeper
that eliminates or overgrorvs native woody vegeta-

tion (Zhao et al. 1990). lrs slender branches do not
provide sujtable anbush sites for the snakes.
Sun e) .  'h ! '$cd rhar  ndkeabJndrce$3. loue in
plots covered by Peeratd than in control plois;and

that the removal of Prerdli.l on these plots was lbl-
lowed by a significant indease in snake nunben
(Zhao et al. 1990). This experiment involved three
plots. each 12 x 12 mr. one was covercd by dense
tangled P&€faltd (typical of2E of the island's sul
fhce area); one by P"e/irla growing over other trees
(iypical of I 07. of the island's sffface ar ea): and one
was a contml (P,"':.4'l7-kee) p1ot. The first of these
sites contained few snakes (nean = 0.3 snakes
recorded per day), whereas the other two contained
n ore Jrumxl ,  lmean'  of5 r -60snr leJ Fol lo$:ng
remoral  o i  Pr , .  'n fu i  r  .pr i lg  loSq rnd repLnr ing
wirh native vegetation, the numbers of bids and
snakes in the cxperimental plol increased substan-
ur l )  |  ru  r  m(an o i  |  . . -  .n tu(eJdr)  oter  3 7 'd per i -

od). Unfo unately, Prer.arid is difficrlt to kill
because it is fast-growing and resistanl to droughl.

The other feral organism of potential concem
is the brown ral (Rdtus d/tegrcr,r)i one of these
animJ.  $ a,  ̂ b 'c ,ved a| |ackrnr  r  jur  en ' le  .nake in
the laboratory (Tang 1990). More inpoftmtly, the
rats'activitics may damage plants and soil cover on
the island. However. rat numbers on the island are
low (avelage capture rate < 5 rats per 100 trap-
days: Li 1995), perhaps because the snakes readily
feed on these rodents. Thus. rats 'nay at times pro-

vide a significani pley resource.
Fiie. Severalfires prior to 1980 destroyed veg-

etation over significant areas of the istand (Tang

1990).

Threats Due to Natural Processes
Research has identified a series of potential

sources of mortality which might reduce the raie of
popultLt'on recovery.

Food and water supp\'. Experiments with arn-
ficial hibemacula suggested that > 407. of neonatal
snakes die during winter possibly due to low energy
reserves prior to hibernation (Wu 1977d,r).
Laboratory experiments show that neonatnl pitvipers
cin survive for very long periods withoul food. as
long as they have access to water In experimental
studies. seven neonates survived rn average of 148 d
(range = 30 392 d) under tbese conditions (Wu
1977d). Another eight neonates survived rn avenge
of 274 d (range 53-246 d) under similar circum-
stances olr'u 1977d). Ho$ever neonaies kept with-
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ou1 water died nore quickly (nean = 78.2 d. Hnge
1 4  I n T  J  W r  t o / . ) . A . . h o r s h r r i r ( i , n . , , t  n J : I g
walcr naturally on the island, ihe snakes frc.tuendy
drink dcw on grass. or dlrectly frcm the artificial
pools no$, in place (Sun 1990). However, rainfrrr ,s
r , , rc  Jur iqg rhe m] |n bId-mre r ion p.n^J,  I r  . f : rg
and autumn (Fig. 2).

Food may be limiting in some siluatbns. It is
common io see relatively emaciatcd snakes on the
island (RS, pers. obs.). and the 4-yr deiay betlveen
succcssive UtteN by a given female Geerbovc) sug
gests that replenishment of energy stores is n siow
process. Lo.g ternr observations suggest lhrt the
nunbex of nigrating passerines have dcclined ovel
thc yeaN (Tang 1990). Because this declinc is like
l )  r^  ref le(r  brord 'cr le  en\ror  menr i l  JrghJ.  r iur
ovcrthe bids'summer or winier habitrls, any solu
tion must irvolve a massive spatial scale. Uhimate
ly, the populxtion derNiry of pitvipers on Shcd,to
will probably dcpcnd upon processes arwoltoverx
vasdy greater area than lhe island itseli

Landslides. A typhoon inAugust 1985 cauxed
18 ixndsUdes. covering a totai arca oI ,1000 nr,
(Tmg 1990). Plant! were destroyed, soil was k)st.
and nrmy snakes were killed.

Predation. Birds of prey are ftequently sccn
on the islrnd and have been recorded to eat neona
tal pitvipers (Koba 1938; tang 1990).

Disease. Nincty six of 225 snakes exarnnred
on the islrnd cxhibited inflammation of the mou1h,
p r e s r m a b l J . l J e r u i , j u n e . . u . r " r n e , l , l u 1 n g r . c . i , s
(Tang 1990). In selere cases this may reducc thc
snake's ability to continue taking prey.

MANAGDNIENT INITLA'| IVES

The researclr on Shedao pilvipers has been
acconpanicd by r series of "hands-on" nanipuh
iions to address the problems listed abore.

Efibcts of Human Activiti€s
Commercial exploitation. The island of

Shedao war declarcd a Nature Reserve nr 1980.
Prore.r :on $. , ,  : ,  'u  " [craed ro J r  rounrdi l
(Laolieshan) on the mainlard nearby that sen es as a
. r o p p n t s , , ' r  f , ' i  , r  l u r r  ! r J I n g p x  e r  e , ^ n  h . i r
wa] to Shedao. The mountain was prolecred to
ensure food supply for the islrnd snalcs. A two
slory tjx rcom house $,as consflxcted on the island
in 1986 to accommodate rescairh tear,!.
Rescarchers have been based on the islnnd lnllti,re

since the carly 1980s. For example. one of thc
authors of this pxpcr (SL) lpends up ro 200 d each
year on the island. aDd hrs been doing so since 1982.
No snakes are rcnolcd fnnn the island. although
venom is sometimes Lxkcn fof nedical rcsearch.

Faxral resou.ccs can dlso be conserved by
naking them v.tlurble in economic or other rcms.
Venom fio1n G. r,tc.?do.rrir is used lo treat a wiclc
variety of ncdicrl conditions. including cercbnl
tlxonbosis. aropbic grstliti!. tumors. and Aeuma-
tisn (Tang 1990). A 100 bed hospjral has been ser
up in Dalian in associattun wirh the Snake lslind
organization. Tourism also offers resources.
Visiton ffebroughr to the isldnd during apprcpiarc
times of year. but arc only allowed to remain on lhc
islandlbr< 30 nnr and are rcstricted to a small area
ner .he bodr-r r  I  p .  A ,n : , l l  lee ro n he,e rou { ,
h e l p '  r o  d e f r J )  t h e r . . t , . i  , ' r i r u r n r n t .  r e l d c r h r i e . .

Unsurprisingly, thc abund^n eof G. shednoen-
Jtr has stinlrlared rcseal1rbcls Lo use this species fof
r variety of projects. For cxample. recent Nork has
neasured eleclrocardiogrxms in the laboratoq, (Xu
er al. 1987) and cxamined rhe distriburion of tlace
elemenrs within tlrc $uke's body (Xu et al. 1991).

Removal of fenl plants and aDimals. There
have been najor allcmp6 to eliminate the intro-
duced weed Peetur'ri using hcrbicides. difect cut-
ting. and replantirg wilh nativc vcgetation (Zhao et
xl. 1990). Rodeni-tlapping p.ogf,tm$ have been
innoduced also. Capture raLcx ranged fioln 3.8-5.8
rats per 100 trap-niglrls ovcf a 4 yr period.

Fire. The conlrololcr visito| nunbers (and the
festriction of these peoplc to a snrall afea near the
jetty) subsmntially riduccs the.i!k of ijres beirg lit
by humans. The long-tenn cffccts of this reduced
fi€ frequency remain unclear Thc snrkes selectrcl-
.itively open habitats lbr ambush sites (Shire and
Sun 2002). so thit an indeasc nr vegeration density
may ultimately redrcc thc .nnount ofoptimal habi-
tat. On the other hand. rn intense fire at the wrong
time of year coulcl causc significaDt mortality ot'
snakes. Thus, seasonal tnning of fircs is impofant
in ternN of the eflect on snakc populatiors.

Natural Sources of Mortality
Food and $aler  suppl ] .  t00 \ater-ba.r1,

$ere placed on thc isl.ind dudng the 1980s, wirh
water added or rcplaccd every 10 d duing drought
corditions (Tang 1990). These are no longer used
afier the 1988 conslruction of fou nuch larger con-
crete bor4s (2 m wide, 2 nr deep) to provide addi-
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Figure 5. OveralL trends in abundance and ago sfrc re
o.  \h  . . , .  p |  Fr . .  hJ.eJ .n nc l -s  . ( .u ,  l .d  J ' , inB
rcgular ce.sus periods. See Su e1al. (2001) for delails
of surrey nethods. Bars shoq onc standtd enof oD
eiLher side of thc mern.

tional drinking sites for sn*es. These pools also

enhance snake feeding ra|es by providing ideal

ambush sites (Huang 1989). Beside onc of these

tanks, a 10-nl deep wcll generates { conshnt water

supply. Pumps and hoses allo\l warer 10 be moved

Ir 1986 and 1987, food supply was supple-

mented directly by bringing several hundrcd small

birds (chicken, quail, etc-) liom the mainland and

offernrg ftem lo the snakes. Aless direct mcrhod to

e n f r n , '  r e e d i n g r c e ' s . , ' n i r l e o  I n  l o o ' . b  r ) i n g

eJr , . f  r i .  e  ro brJnJl  r .  rhar  $ere in  u. .  a .  bmgin:

sites by snakes (Zhao e1 al. 1992). The ,are ol bird

visitatio and of snake abundance ard f€eding rate

was monitorcd liom 0700 0745 h over 3 day pen-

ods before and after this rnanipulation. Bid num-

bers increascd trom 60 125, snaLe numbers irom

approximatcly 47-87. and fceding mte per snake

fiom approximately IHOs. (:Zhao et d 1992)

Statistical analysis is rcndered difficult, however.

becruse of the lack of control plots nDnitored over

the sxne iime span. Ir anolher series of nanipula-

tioDs, twigs on many of the trees in Slredao have

been pruned suchthnr vcry slender branclres (strong

erough lo suppot birds btt not snakes) have been

removed. This procedure rcduces the nu'nber or

availablc perrhing sites wherc the biLd! are sate

from snakc predation.
To rddress the high rate ol neonatal nollality.

a l{rgc (800 m,) grrden was built on the mainland
Neon.rles lound activc on the island latc in autunn

were brcught back to this enclosure to hibenate.

and then returned io the island the following spring.

Conshucdon of an aftificill hibernaculu'n on the

island illowed investigalof io identiry optinal

thermal and hydric condilions during winle! and

hencc 1() mimic these in the niinland enclosure (Li

and Diao 1993t Li et al. 1993).
Landslide. Arcas a ected by l.rndsiides have

been replanted, jn an rtlernpt to stabilize the soil.
Predation, Therc has been ro nttempt to con-

trol birds of prey.
Diseas€. Mouth in{cctions hale been treated

by capluring snakes xnd applying potasnum per

rnaDglnaie and gentian violet.

Efibctivencss of Conservation Initiatives
Periodic nr,trkftcapture ltudies. using shoft

telm paint-ma*jng, indicite drat thc population of
p i  \ iper .  on sheJ, ,^  h i '  been LedJi l )  r . rers i rg

sincc the area was plotected. Frorn approximately

9000 snakes in 1982, the populalion grew to

approxinately 14.000 by 1989 (Huang 1984, 1990:

Sun et al. 199,1). h is cunently estinated at approx
inately 18.000 (Sun xnpubl. data).

Ch3nges in population size and age structufc

ovcr the last dec.tdc are also evident in data from
reguld .en.u5 acr i \  r r ie .  r l '1  do nur  in \o l \c  mark in;

the snakes. On most days throughout thc spring and

r. r l . Inr  b. rJ-nr i ! ra l ion per iod.  e r \  ) (dr .  . . ien l i ' r .

walk fte same 540 m path and count snakes withjn

a 3 m-wide tranlect (ihe path and I n widths on
eilher side). The snake's sex and size class are also
recorded. We have analyzed the r,tw data liom thesc

counG tbr the ye.tn 1990-97. excluding 1995 (sun

et al.2001). Oler Lhis period total nrmbers of

snakes averaged 40.6 per sun'ey (0.31 per n): thus.

the dak set coniajns 37.980 records of sightings of

snakes. Anrlysis clearly shows tlat snake numbers

havc increased through iime. with a concunert shift

l l

g 200

9 iso

:

.5-

1990 19Sl 1992 1993 1994 1S95 1997

1S90 1991 1992 1993 1994 1396 199?
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in the proponion of juvenile to adult animals (Fig.

5). The shift in age structrre is characbnstic of pop-
ulations recovedng from intense haNesting
focussed on adult specimens (e.g , Caughley and
Sinclair 1994; webb 1995).

ln sunmary, the pitviper population of Shed.to
not only has attacted intensive study over many
years, but zrLso has been a focus for the developmenl
and application of conservation initiatives Those
progams have been successtul. and the Shedao
studies nay have much to tell western science
about innovative approaches to issnes of snrke
biology and conseFation.
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