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B4 CHAFTER o

Myers 1950) and Ecoador (Dueliman 1978) are
cleadly asympiotic (Fig. 8).

The number of neplile species cammot be sepa-
rated from amphibians in see published graphs
(Lo Dusliman 1978), Typically, 8 greater L
partivn of the spvies collecizd hae in the sam-
pling pesiod has bewo fossorial repiiles and
snakes, with 2 greawer propertion of anphibians
suopled carlier. Lo U only swdy w compare
long-term species accumalarion rales ooy
xa, 95% of the wmiphibian species but only
904 of the lizands and makes bad been taken after
20 years of collecdng (My=ws and Raad 1969).

If the tme-constrained technique is used in
mmlu anr.m and with simuar faunas, then

lation raws from gen-
sl lhnm wrm collecting can be compared, 1
the arcas we dissimilar, the SSS may be appro-
priat. An SSS pruduces lists of the specics pres-
en in the fiust x number of speciimens collectod
in cach habitat, The number of species dien can
be compared diceetly,

For compuisons among sites with neady
comphete speciey listy, real data can by compaed
with mndoaly groemied liss @ dewnnine
whetwr emong-site differrnces  are areatex,
smaller, ar the sume us randooily expectod dif-
ferenoes (Guger 1940),

SPECTAL CONSIDERATIONS

Gencral collecting is the most efficient way for
wxpericaced collectors (0 take the Farpest naio-
ber of species in the feast amoont of time, No
otber cnffecting method is 23 productive in
amassing spocies lor a list asd in obuining se-
rics of specimens,

The precision of indices devived from 88§
depends on the sampling efficiency in differtnt
bahitats and the securaey of the specios ideniift-
cations. Eveo scasoncd herpetologisis we less
cfficicnt when sampling eafamiliar habitats, For
(s reasos, data collected over time by the saroe
colleciars are move comparable than dats taken
by many callcciars,

Tbe SSS is most compassble amonyg sites
when a vanery of collecting sechniques iy used
and scarch times are well distributed among hab-
iats and times of day and aight. For exumple,
seacches based pnmurily on collectrous of call-
wg males casaot be compared faningfully
with searches wade only in farests duving the
day, The S8S collections wsed for data analysis
should be the resull of iudividual collecting ef-
fore, uov of some passive techmique such ax
pidall amays. Collectars osing an $88 can re-
duce bias in collecting effort. Specics caaght
with passive. systewns depend on trap location
and .imﬁviﬂual specics swaceptibility, so many
species ue anssed.

The species dehness index desived from S8
ueeds 1o be tested to determine its geoerality and
uscfuloess. First, wats of the variatdon due to
collectars and time period can be deacrmined by
a two-way agalysis of vafance of the data from
independent collections made by differens col-
lectars working in the same habitg ar differeos
tines. Second, dam desived from SSS can be
compared among sites with well-kuown berpe-
wfaonas o devermine whether SSS produces
concordant results
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2. Visual Encounter Surveys
MAKTHA L CRUMP AN OSMAN I SCOTT. Jr.

Avisual cacounter survey (VES) is one in which
ficld personnel salk twoogh ao arca o¢ haditas
for & presaibed tme period systemadcally
searchivg for aimals. Time is expressed as the
nurnber of pesson-houts of searchiog in cach
ared o be compased. The VES is an appropriate
wchaique for both avenmry and munitoring
studies,

The VES is used 0 determine e species
vichress of an @ea, © compile a specios list

_ Speeies compasition of an essemblage), and 0

¢ esiimate elatve abundapors of species within

BL an assemblage. This welmigue by iself isaot an

v agpropris method for dekrmining denotivy

o 1’ (oumber of individoals per unit arca) bocanse

2 pot all individuals sctually prescat in an ares are

X lzh'ly o be visible during tbe sarvey. Howewver,
e repeatnd VESs are done in cowpimetion with a

o

= 1%

. mask-recapaire study, densicy can be estmated
reasonably (Dooneily 1989).

Visuul encountes surveys differ frooy transect

sanpling (wchnigue 3). A VES can be done

: alopg a ranaccd, ia 2 plot, aluny a stroam, around

a pond, and so forth, and it samoples all aq phibi-

2as that are visible. Transcet sampling uses lines

B of fixed Jengib in foxed locations sed (ocuses an

¢ sufae-dwelling amphibiaas.

L TARGAT ORGANLIMS AND HABITATS

The VES bas boen used most exteasively for
rapid evaleation of large lovest aseas, especially

&L in uniform batswes where visibility is good. The

" VES works especially well for forestundesstory
, aourans thal arc sctive in the open (8., Toft et
. al. 1982) upd B sakimanders that lve most or

B all of their Bives in the forest Bitter but arc an e

B surface asber rains (o8,

. Pough e al. 1987, Com
and Bury 1990).
Visual surveys also can be wsed cifectively Gor

b targed specics that iahabit easily ideorified habi-

* @iy, sueh as logs ar riparian zoses, ar habitats
has are widely spaced, such as taios slopes.
They are also appropriate for target spocics that
wre highly clwmped, such us trogs at Wwporary
ponds; in these cases, the surveys are dane in e
resoncted areas of ntavest. For example, a VES
can be caried out al an aquatic treeding sits by
setting up multiple Gansects from the edge of the
waler into the conter of e siw,

| The VES can be wsed 0 inventory aguanc

assemblages under certain ovndinans (e.g., ol
dvely shallow, cleas pools with minimal vegete-
toen), but genorally such surveys are beuer for
maonitaring only cenain wrget species, bevause
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not all species in an aquanic assemblags can be
observed aqually. Frazes (1978) and Gritfiths
(1984) surveyod squatic aewts a1 night by VES
wsing flashliphes, The VES can also be used of-
fectively 10 oivor farval asmphibians in swall,
sballow pools wheee the waler is clear and the
vegetaion is sparse.

A VES is oftcn the best way (0 susvey spoeics
timmrnrcmunub:iy o be caught wilh oaps.
The techaigue is not appropriats for sorveyiog
canopy or fossorial specics.

BACRGROUND

Beaaose the VES is simple it bas been ased o
a tong dme. The techargue bas beva formalized
as the Bme-consteaired techmigque by Camp-
belt and Chscman (19823) and as the e
cunstrained searches by Corp and Bary (1990)
The resulty ol 2 VES seurch o mensured
aganst e ounc spent i the search

ASSUDEPTIONS. The VES is based on the fol-
lowing assumptions:

8. Every individuat of every spocies s e
same chagce of teing observed daring a sui-
vey (i.e., each individual is cqually coaspic.
oous Lo #p observes; there ae no differential
cfiects of colaratioa, sz, behaviar, sctiviy,
oF microlubiat prefereace on e liketiicod
of being encountered).

2. Fach species iy equally likely (o be ob-
served during cach sunpling session (L,
theee are no seasanal effects of ecdviry,
waalber, predalurs, Of cCOmpenlons oo 8
species’ likelihood of being encoungered).

. Ao individual is recorded oaly ouce during
asurvey (i.e, e observer can keep wack of
all movement so as oot Lo reoond muitiple
cacounters fox the same individual).

. Resolts fram o or o observeey survey-
g the same ares simultancously s ident-
cal (3.2, theve are po abserverralaled
«tfects)

W
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Although these assumptions have never beca
sgorously tested and the validity of the results of
a VES is unkzown, we know nuitively thal the
assumipuons witl sot hold in moat instances.
Species do differ in their consgrenousness, and
people do ditfer in theix abilities 1o see amphiti-
ans. The rsulting powntial biases should be rec.
ognized and minimizad 10 the exwat possible.
Far example, compuruble tuining and cxpeitise
of the individuals involved m 2 VES are crucial,
Sume people can develop an excelleat scarch
mage for amphibians; others neves do. Most
people unprove with practice, If more than ane
Fevson is requined to cury oot a VES, idividu.
als shoald conduct mdvpeondet surceys in the
sume st arca siptmcously, and their results
should be compared. Biases between individual
obsery ers may reflect differzoces in the ammoant
of time speat lookimg up versas looking down ov
differences in walkipg speed. Wit effon, mch
blases can be controfled.

LIMITATIONS Two obvious limitations are as-
sociated with a VES:

.

. Mot all straa or enicvobiab b within te
habitar can be sammpled with equal success.
Not all babitat types can be sampled with
oqual suctess. As @ resuli, 1elative species
abundances can be comparsd only among
sites of the same kadiat ype.

N

Dissioular habuuts cannot be surveyed by
VES with an eywivalent degree of reliability te-
cause of differenies in visibility, open habiats
are surveyed vure cllicicotly than we habilus
with dense vegetatinn, Time of day cn also
affect a VES; most seople find surveying the
<OV iTOnIDenS wiing pehural Jight casier than sur-
veying with a beadlamp. Weathey conditions can
atizcta VES, visibility greenlly decreass with
sainy, misty, and clowdy copdivens. Thus, sur-
veys of weas (0 be compared disecty shoald be
done under comparable weatbey conditions, as

wach as possible, and at the sams omes of day -8

at night

RESEARCH DESIGN

The design for a VES will depend on the goals of 3

e study (whethst it i3 3 one-time Loy olory or a
long-eTm monitonog program aud, i the latres,
whathes the irens is fu dewnoine phenoogy of
species  composition. pheecology of species
abundances, or both), the specific habita aod the
size of the area 1 be swveyed, the desired peri-
udicity of e sanpling megime (diel and sea-
sonal), mnd the $pecies composition.  For
purposes of statistical analysis, cezususing (en
10010 mamsects within a given hahitat type is
peefesable o ccasuaing ane 10000 transect.
Regardless of the eaperimental design, af some
poins casly in the study the data and ficld meth-
ods shoald be evalumed and the methods asodi-
fied as appropriaw. Thuee basic sampling
designs are used for the VES (Fig, 9): random-
zed walk, quadrat, and mnsect,

A rondomized-walk design s sppupriate
when a large arca is Lo bo sampled. Prias to going
i the field, e obeerver chooses at randoro 3

uentinl sevies of cowpass direcdons (preferbly
a least 50); be or she alw rclocts ar randam a
nwmber of meters (up 1o 50 m) o be walked in
cach selected direction. The stant point can be
demrmined by breaking the aroa inte blocks,
ruodomly selocting oue, and stating from the

idate of iL. Al amphibians cbeerved within § m
oo cither side of the poth we recorded. This
deaign (Fig. 94A) satisfies the assampriva of ran-
domized sampling. which allows stafistival com-
padsons amang replicawed walks in diffrent
aneas or habitags. Because the YES U a time-von-
svained Hebd technique, the dme speot per wnit
area must be specified for sach investigator and
far cach arva to by compaed.

A quadras degign is apgropriate for supling
a specific wrea woraughly. A quadsas of given
dimenstons is cstablistied (w= rpcomawnd 10 x
0 m or 25 x 25 m, depending on amphibian
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deositics). The quadiad is then sysoematically
' sampled by walking parallel paths across the
plot (Fig. 9B) or by walking » zigzag pateed
beeween pumbaed stakes (Fig. 9C) (Harston
{9ROR,b; Aichinger 1987, Doanclly 1969 Nishi-
 kaws 1990). If arca gids have beea esmblished.

adprrug paths 3  dix caanmple, §
"« puralled ndj wcanss e lm@hwmanmmmumwnnwmsunfa&. ;
13 v auncical codey, Beo lo—‘ﬁ-—&- LS Bt § 221849 il 30 farclt). D-E. ngikagmAmh wsasect ()
1 crn;xmﬁawwmhﬂnwu:s(i)arculw. o reas o ciihe side of the puh are spnutivally sanplod.

the exuet locarion of cach individual enccen-
wered ¢an be noted Telative t the distance matk-
ers (this information could be used 10 exrmix
spatial distibution pancrs vathio the babitats).
Muldiple (a teast 10) readosmly placed plots can
te used to (st for changes in spocies richness ox
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chuve abusdances oves wins ur o determipe
diffarenoss i species nehoess or rolative aban-
damaees AOOE sites at one G, Brieding ponds
can be sunveyed using this design by coustract-
ng a checkeiboasd of boardwalks or paths ot tie
site (Fig. 9B). Again, tunc SPeOl pet Wil area
must be saadardized amovg feldworkers and
wuong sites 10 te comparcd.

A transect design is appropnaie for sanpliog
acyoss micsohabitats known 10 be differear or
powntslly so, Ln the simpicst case, a single tran-
sect of procstablished length (Fig, YD) is daid oot
und walked (Jacger 1978; Pough er al. 1987,
Cawnp apd Pounds 1989); all antmals observed
#ithin | m of the gansect path are recorded, If
desired, whe sxas location of each 1odividoal cim
be noted acconting o i pusiion relative to
previoasly estahlished distance warkers. For
lasge ancas, 10 or more ransects 100 m toug wrd
spaced 20 m apast in the wea of inlerest are
sgpropiiaw (Fig. 9E). As wilh the other desigas,
ame spent per unit arsa must be sandardized
among workers and arcas.

W anly aie insemory is to be doue, it mest be
scheduled for the Gme of year, e of day, and
weather conditions in which the maximum gum-
ber of species are expecied (o be active, Bucanse
Al imy ooe tme of year sowe species will be
Mmachve, a one-time wwentory shoald be rer-
proted 4s 3 minimal estima of spacies tchoess
lor the aves,

For long-tevn monitoring programs, sawpling
pedadicity s crocia). One st saunple often
cnough to cusure thar within-year vasiation does
it obscare yrar-lo-gear differcnces. Because
activity pattaris of amphibians we gveady wflg-
enced by weathor, VESs shoulit be done dwring
cuch season of the year, Time of day likewise
weaily affects behavior pattemmy, and e of the
survey can bias bath specics composition snd
abondancs data if sot @ken iuto vonsideraton.

An voportant decision 10 be mads doning the
design of the ficldwork is whetvr Caplge
each amphibian enconatered 1o obtain additionat

informaton. I iedividuals are capamed, mea-
swed, and weighed, luse time vall be avakable
for additiooal survey wark. If animals an cap-
tured, wvestgatans 100st also deaide whether 1o
wark cach one individeally. Mark-recapture
studies yield vatuahle information oa population
dynamics, but, again, less arca can be sirveyed.
Mausked animals are Ekely 1o be recaptured fre-
quendy i saadies Ust (ovolve area sezrches, so
warking may be worth the £A0IT. b conmast, tie
chance of recapruring individuals along a tran-
sect s fairly slim and, Gbus, probubly docs not
warcant the additionn) time

FIELD YIETHODS

Pocedures for 3 VES arc avmi ghufarwad, Habi-
lals e searched, ¢ither aloog a transect of in a
plat, and the gumbes of animals encovutenxd per
ynit of tme is reorfed. The leagh of thme and
mznsity o the search, the bowndaries of the srea
10 be scarched, and the scarch patern should be
specified in advance, Far exunple, instections
for & survey of salamanders shoold spocify Uw
Ope(s) af subsirate o be examined (e.2.. every
possible coves iwm or just Ings). whether or aot
the coves items will be numod over ar tom apart,
and the maximumn amouat of time W be spent
waning apan subsiates (e.g. o single tog).
Search mathods must be standandized amaong
Gicldwerkers 1o rduce bius in the results,

For a complete inveatory, all possible micyo-
babitars are searbed: ground. water, tree grunks,
stems, and wpper and lower surfuces of lcaves as
high as the observer can soe eovurawly enough
W identify the wnimals. Tune spent per unit area
is stapdardized ws much s possible within a
given habiat type, but babitus wilth differiog
hewrugencitien will roquive differens survey
tunes. Wheo agimals are crcountered, twy are
Meotiffed and, if need be, caprred and mea-
sured o coflected as vouchers. The VES can be
perfenu a several Levels of inleas iy, as follows,

Amouy the least lnmsive Susrveys arc counts
of animals active oo the swiface {e.g., Hairston

associated ilems (6.g.. taswows of sala-
ianders-—Dodd 1990, 1991 a). This type of VES
B ls. particalinly useful for spectes das are active
the surfaoe of leaf fitwr or was cliwb plants
rainy or foggy mghts. Under such wet condi-
ang, a lasgs proportina of the population may
¢ underground cevcats and move 1o the sur-
g, This meahod is espocially suiked for inveo-
of habitsts contaiming endangered spevies
§Where habitat disturbance must be avaidad.
The intzymediate-meensity search is aoe i
hich the fizld crew, in wdditon 10 ¢ountog
caly exposed animals, nusos over saefaoce oh-
jocty such as rocks and logs and counts e ani-
Egals uncovered. The cover objecls mes be
f'rerumed to tboir ariginal positions 1o minigive
habitt distucbance. This type of seach gener-
y yields higher reaun per uait e tan a
-mieasity search becanse maoy amphibians
under cover objects when conditions e not
aitable for sudfuce activicy.
Al the most iense level of YES, surface ob-
65 ars tooed, decayed logs aod hromeliads
are tro spart, acd Litter is aked. These acdvities
obviously change the habitg foag-wom effects
of this typs of szarch bave not been weasared for
; y babitat ar tasges sposies. Habitat disharbaace
“iocreases with mereasing search inteasity, but
% more animals are encowntered, neuse surveys
are probably the uwost relisble fo eros of sam-
B! oling the most species, ospecially rare anes.
For somne studies, it is uselul to sef up a fran-
RE" soct or gid system with pennancot distance
& markers before the survey begus, so that the
exact location of every animal can be reeonded w
the time of eocomnter, This alfows e invesuga.
tor 1o calculate ervindividual distances, recard
deenled microbabita dats For specific siees
where amphibiuns have bees fovnd sepeatedly,
e cvaluate the horowgeneily of the area searched,
B and if a mark-recopire smdy s done, obexin
Y valusble information o individuad animal
wowpes thewugh time.

0
()
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Depeading oo Ux goals of the study, e ani-
nrals cocouptersd can be obscrved only (3ssumm
ing that positive ideniification can be made
without bolding the ammal), or they can b copr
wred wmporarily for posidve wientficaton end
measaremenl (se¢ Appendic 1) and ten e
leased af the site of capaurs. Voucher specimens
should be preserved and deposied in ap estab-
Tashword vessezan by mmscuin oollectian (see Chizpier 5)
Magty groups of wmphibians ae wndargoing sig-
mificant Lxovaic revision, and sibling species
are often difficuht to distioguish i the fxld. Mo-
sweam collections provide a basis far verisying
freld idenvifications, which greaily enbarces the
reliability and usefuloess of sarveys.

PERSONNKL AND MATERLALS

The number of persons ueoded by execute a VES
depewils on habitat complexity, size of e arza
to be sampled, and fevel of suney wiznsity. If
seasonably short forest trmsects are (0 be sur-
veyed, only one person may be oceded; swvey-
ing a large breeding porul may require saveral
persons, coch doing o emsect from 1Be shna
wio the center of the pord. Al pasans involved
must be well omped in e same searcd web-
uiques, and intcrubscrves difeczuces st b
considered. If ammals ace comman and data ar:
taken fosr each individual, desigeating a pesson
a3 data recorder can sposd e operakion and
kewp the puce of the swrvey muose wiform,

A YES requires minimal equipwent Jaw
paper, peacils or pens with permanent nk, and a
millimreter roler and spriag balasce i tody
leagth aud weight arc ro be taken Plaste bags
and a narking pon are mcaded if aoplobians are
o be collecied. Potto mkes s aseful tor
sarching io Jeaf litter, i microlabital weasu -
ments are (o be ko, approprate instranzots
s nocdod (sex Chapter 3). i the wansect is to be
marked ab regulas mlervals, numbered flagging
ape or permaavat stakes should be set in place
o (o the swrvey, For ighrime susveys, head-
Kazgyps are reyuired.



2 CHwTERS

DATA VREATMENY AND INTERPRETATION

The kinds of data w be collected depend on die
goals of the study and the fime agd persopns!
availahle, Misfum data (0 be collected during
an iaveny of an arca Ut docs ool cuulin
grids with distance markers welede (1) the oum-
ber of individuals of vach species cocomnren:d,
{2) the o) time searched, and (3) the size of he
aread seurched. For inveowries and eanitoring
swrveys i arcas with distance markers, location
within the transect or grid sysiem should be ro-
candxd in addition to microbabitat data and the
minimun ¢kements previously listed (Chapier 5)
for cach amphibiao encouatered. 1 dexirad, wet
maxs and reproductive candition can be ce-
cosded. I animaly are taken temporwrily © a
tabaratory facilicy, much of this iaformation can
be recarded afier the suvey is compled w
avoid taking up valuable ficld tipe. Another op-
ton Is fora secomd penion 1o follow ihe primary
VES seamhoc and cocond additional data whili
the: firss pesson coutinues the survey.

Well-arganizod data shects that wearponie
the minivawn dawa ¢lements (see Chaptex 5) and
nclede zxtra space for netes that do oot fis
precstabliched categories are eommended for
wie in the field. Daws sbocts can be simple or
complex, depending on the zoals of the study
{Fig. 10).

Amainapplication of VES genesally is deter-
ninatian of the compagition of an arophitian
usseaiblage. The list of species comupited fox the
area surveyed can be companed with species lists
frooe other areas, Mean pumbers of individuals
20 be comparcd swtistically, and cosfficients of
association caleukated (see Chaptey 9). Befare
any data are inlenpreled or compared, however,
effects of the hiases noted previcusly mua be
estimated (s¢¢ “Assuwplons” and “Limits-
Gans,” wndes “Backgiouud,” above).

As discussed previously, o relative abun-
dagees are (0 be compared among sites, then
habimat stracure, weather, and search technigues

roust be sunilar for all smwples. For cxample, if 3
the project s deyigned W determine the zfects B

of disnubance (e.g.. logging) o wmphibians,

thin separate VESs would be conducied in 48

logyed and enlogyed parts of a forest. U, how- "8

ever, the jescazches wishes o compare ywo for-
es1s, then all VES mansecty must be located o |
forest habitais; it would be mappropriam for
same Fansects 10 inchude forest edgy contopes

while athers did ot Until VESS have been vali- 8

daizd and we have sowe idea of their vasiability |

and Wreir retationships to acmal population lev- o

els, daia gathered dwing VESs shoald nod be
used Lo report individual specics densities. Dodd

(1990) used a Fowicr series (0 estimate salaman- b

der burrow deasities along transects; this toch.

nique may have lomited usefulpess fn the
analysis of other transect data.

{f lovg-wrm moditariag is cone, phenwlogy
of presence and activily of various species can
be presenwed graphically with histograms or
frequency curves. I acGvity peilerns ase to be
wterpreted i light of cliaric feciors, thea
contlatgons, mulaple regressions. and amaly-
ses of variince may be appropriale types of
analysis. Tests of diffesences in spevies’ activ-
ity levels uoder different westher conditioos
OF anoug svasenal components of the year are
also possible.

SPRCLAL CONSIDERATIONS

Canpbell and Chnstman (1982a) swrveyed am-
phibizn asscmblagss ia fowr babitat fypes in
Flarida and compared resuls from inteasive
VESs with those from ad ruising, Miler w-
wovak-quadral sagipling, snd dift femce—pitfall
arrays, Fifteen af the 22 spegies known o be
present vers reearded with rosd cruising, and 12
wure mourded with VESs, Quadralz and doft
fenoe-pifall awrays yizlded 6 and 7 sposies, o
spectively. Bory and Raphact (1983) comparcd
wehnques and recomownded that VESs be
combined ¥ith a iRt fence-pittall aray W

g

P

4 b

| )
.-\_“‘0 o

favenrory and Moniigring 91

Visual Encounwer Survey

= Hase of ohvsarvee (8) SRR

patbes copditinna

Araa searcihad

Air teapagaturs

[¥iis begio aurvey

hHabitat deacwiptiea

Tima #nd xaraey

Specics Sex

Substraty

Location Aetivaty Tine

§ ' ool s s i i e i s

b 0 Soangile dacy sbest i & visual enceent oy (0 whist specifc tacs are peconded for cacb individual cocasse-

1F the uvey roquires unly aindaccs da, the towen g of the dea sbret tan be coderigned so i wlieduals 56
species seen oo the survey cun be ronrded with Dot awdcs marks fir sach specics a pakd Lkt

fuvple he herpetofauna move < Fectively, Thc.
VES can be validated by repeated sampling of
the same mvas of by comparisca of cesalts of
VES; with those frum surveys duee i the saous
Jareas nsing diffecent medrods Bal sstimate tue

population sizes, The meed Yor validakion is us-
gent. The VES done in conjunction with mark-
recapawe  echniques i useful for sdying
populaticn teads through repeated samplisg of
the same arcas,




