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How does one test the validity of a population enumeration tech­
nique? Most validation studies perform "soft" validation; they 
attempt either to cOlTelme the counts from two or more methods 
(Fitch 1992) or (Q compare the economic costs, difficulty. time 
requirements, or non-economic costs ofcarrying Ollt selected meth­
ods (Strong et al. 1993). Soft validation does not establish the ac­
curacy of a method. "Hard" validation, in which population esti­
mates are checked against the true values, is obviously desirable, 
but it is always difficult to do and might be impossible for some 
systems. Ha.rd validation studies involving reptiles or amphibians 
are rare and usually involve the artificial stocking of a bounded 
plot (Henke 1998; Rose and Armentrout 1974). 

Distance sampling is a relatively new technique (Buckland et 
al. 1993) that has gained considerable favor for certain berpeto­
logical sampling problems (Akin 1998; Thompson et a1. (998). 
but has yet to be subjected to hard validation tests for reptiles or 
amphibians. As with strip transect searches (Duellman 1987), dis­
tance sampling involves searching for animals within a certain 
distance from a transeCL centerl ine. but it differs from strip transects 
in requiring the measurement (or estimation) of the perpendicular 
distance from the centerline to each detected animal. Whereas strip 
transect searches make the implicit assnmption that detection is 
complete for animals within the strip. distance sampling reqnires 
only that aU animals near the cemerline be detected. The distribu­
tion of sighting distances to animals off the centerline is used to 
model detectability in the vicinity of the centerline, but it is only 
the centerline density esti mate that is used and extrapolated to the 
habitat at large. 

Because the centerline density is eJttrapolated to the overall habi­
tat, it is essential that the centerline conditions be representative 
of the habitat. Strip transects make a similar assumption about the 
representativeness of the entire strip, but the corresponding dis­
tance sampling assumption is more problematic in that the 
centerline of many transects is a road or trail, hardly representa­
tive of adjacent habitat. In addition to having ditferent ground cover 
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and animal Lise pattems than sUlTounding habitat, trails in forested 
areas are associated with light gaps that alter the density and form 
of vegetation (hence visibility. basking opportunities, etc.). To be 
truly representati ve, a distance sampling centerline must be placed 
randomly in relation to anima1 position and habitat heterogeneity. 
These strictures dictate that tTaLls or roads should not he fol1owed. 
but this is impractical in most forested habitats. 

The other key assumptions of distance methodology are that 
each animal is counted only once and that the perpendicular dis­
tance from the animal to the centerline is cstLmated without etTOr 
and prior to any movement of the animal towards or away from 
the centerline/observer. Depending on the study specics, these as­
sumptions would not be troublesome for many reptiles and am­
phibians. 

Distance sampling seems ideal1y suited for the Jllany species of 
amphihians and reptiles that are rarely seen or hard to capture. 
because marking, recapture, or handling of animals is not required. 
One can sum rare detections over many sampling occasions. and 
there is no minimum number of detections needed for a sampling 
occasion to be useful. There is no uncet1ainty about the size or the 
area sampled. and one obtains an absolute population densiry esti­
mate that is insensitive to habitat structure, species, or the capa­
bilities of the searcher (Rodda 1993). The key disad\'anrages of 
distance sampling for reptiles and amphibians are that one musr 
detect 100% of the animals on the unbiased centerline and that 
detections must be gathered over an amount of time and space 
sufficient to accumulate an adequate sample size. Tbus one might 
have difficulty using distance sampling to answer a question such 
as, "Do rainbow snakes reach peak density in a particular wetland 
in May?" 

We conducted a hard validation study of distance sampling for 
forest geckos and snakes on Guam. We compared the estimates 
produced by distance sampl ing to true local gecko densities based 
on subsequent total removal of all animals and vegetation from 
sealed 10 x 10 m plots (Rodda et al. 2001). For brown treesnakes 
(Boiga irregularis), we compared distance sample estimates to 
densities based on mark-recapture estimaLes tbat we had in turn 
validated in adjacent fenced I-ha plots hy comparing mark-recap­
ture estimates to total removal of all snakes (Campbell 1996). The 
gecko comparison was done sequentially, as the total removal 
method alters vegetation and therefore could not be carried out 
concurrently with the distance sampling. 

Methods.-We searched for forest geckos and snakes in a 6.5­
ha patch of tangantangan (Leucaena leucnceplwla) forest north of 
the grenade range at Northwest Field, Andersen Air Force Base, 
Guam (N 13.6373-13.6399; E 144.8616-144.8643).19 January 
1993 to 29 November 1994. Within this patch were four I-ha plots 
circumsclibed by trails and penetrated by three parallel internal 
transect traib spaced 25 m apart. Sighting afforest squamates was 
facilitated because all searching was done at night when the many 
small leaflets of the dominant tree, Leumeno leucoceplwla, fold 
closed (mean percentage of tree basal area due to the species L. 
leL/cncephala :: 61 %. N :: 7 removal plots). The forest canopy in 
this area is very low (mean:: 5.4 m, N =7 removal plots) and is 
unusnally open (mean distance to daytime disappearance of a hu­
man:: 15.7 m, N :;: 1000). Mean forest canopy cover was 69% (N 
=7 removal plots). Because of this naturally incomplete canopy, 
creation of the lransect trails did not greatly alter forest sLructure. 

Negligible movement towards or away from the obsen(:T Vias noted 
in sighted animals, which were illuminated by spotlight 

Distance e.qimates were ohtained hy two experienced obsen" 
ers who periodically checked sighting distance estim,\!c<; against 
measured distances (a telescoping rod marked at 0.1 III 1J1tervals 
was extended perpendicularly from transect cemerline 10 ,he Sight_ 
ing point). They walked each transect five times qual1erly, for a 
total of 36.2 km of transect searched on hath sides of the trail! 
centerline. Results from other transects (in manipulated or snake_ 
controlled plots: Campbell 1996) were not included ill the dis­
tance validation data presented here. Sightings > 4 ill l'rom the 
transect centerline were extremely sparse and were nOI lIsed in the 
analysis. Because of uncenainty about the ,>pecie, identity of small 
geckos. all gecko species were pooled. Based all kno~· Jl Identities 
(96% of sighted geckos were identified to specie~). (ilc majority 
(88%) of these sightings were Hemidoclvlusfrenaru.l. the remain_ 
der Lepidodacrylus IURubris. It is possible that some individuals 
of Cehyra muillaro were present: none was definitel\" sighted, 
though one was found in a removal plot. The only othe! sighted 
squamate was [he brown [reesnake, Boi~o irregu/a;-;s. Snakes were 
analyzed separately from geckos. 

Conventional distance analytical methods (Buckland Cl al. 1993) 
were used. with cut points for distance caregories set al U.l, 2,3, 
and 4 m (i.e., sighting'> grouped in the ranges 0-1.0 111. j .01-2.00 
m. elc.). Alternate cut points were investigared but did not appre­
ciably affect density estimates. Model selection wa, ~lIided by 
program DISTANCE: alternate models provided nearly Identical 
density estimates. Estimated sighting distances were pooled over 
time for the four I-ha study plots. providing sample siz.es of effort 
(36.2 km). samples (4 plOts). and observations (1853 geckos and 
51 snakes). 

Absolute population density measurements, by towl removal, 
were obtained using the methods described by Rodda et a!. (2001). 
Briefly, canopy separation and ground-level aluminum tlashing 
were used to prevent the movement of lizards into or out of the 
sample plots while the vegetation was removed and all vertebrates 
identified, measured. and weighed. Plots were selected on the ba­
sis of representative canopy coverage and plant specie' composi­
tion. Four 5 x 5 m plots and one 10 X 10 m plot within the area 
surveyed using distance methods were censLlsed 16 Feb-14 May 
1995. Four lOx 10m additional samples from the same area were 
censused 28 .lan-II Feb. 1999. Because the two serie~ produced 
nearly identical mean gecko densities (3350/ha v. 3450/l1a), these 
were pooled for comparison to distance estimates. 

Mark-recapture was used only for snakes. following the meth­
ods described in Campbell (1996) and using program MARK 
(White and Burnham 1999). Through saturation removal of snakes 
from fenced plots, Campbell demonstrated that the true ~lIake den­
sity was well within the 95% confidence limits of mark-recapture 
estimates made with this method on these plots at the time this 
work was canjed out. Briefly. we captured brown treesnakes us­
ing snake traps (Rodda et a1. J999) and hand capture aIel six 15­
22 day periods simultaneous with the distance sampling. All cap­
tives were double marked using PIT tags and paint markings. Ex­
ploration of the resulting capture history matrices with variouS 
open population models consistently indicated a best model (se­
lected on the basis of Akaike's Information Criterion) ll1M valied 
capture probability,p. in accordance with snake snout-vellliength 
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: volved plots for which [he snake density had 
: been manipulated. The fourteen density esti­

FIG. l. Distance s<lmpJing estimmes for brown treesnakes, Boiga irregula.ris. and geckos· 'mates from unmanipulated plots were averaged 
(Hemidaclyfu.\·ji-ellorl.ls. Lepidodacr)'fu.\" !lIgubris, and Gehyra mUli1ow) on Guam in relation 

, for comparison to the oue distance estimate 
to mark-recaplllre (snakes) or tor.al removal estimation (gecko,). Distance estimates show 

obtained concurrently. maximum likelihood estimate with 95% l:Onfidence intervals. The olher values are mean +1­
Re\[·(/ls.-The detection distances analyzed SE. 

by DiSTANCE showed lhe expected smooth 
decline with increasing distance from the transect centerline (gec­ that all visual identifications were correct and that the proportional 
kos: '21,602,390. and 140~ snakes: 29, 21, 7. and 9) and had representation of unidentified species was the same as for the iden­

i excdknt model goodnesses of fit (geckos: X" =0.71, df = I. P = tified geckos. the distance estimate for Hemidactylus would be 
: 0.4; snakes: X~ = 1.39, df = I. P =0.24). For both data sets, the 88/ha (CL 75-103/ba), which underestimated the true value of 
: selected model used the un iform key and cosine adjustment. How- 1572lha low by a factor of about 18. If one combines the small 

ever. the density estimate obtained for geckos was 100.1 geckosl uncertainty associated with species identitication with the distance 
ha (95% CL: 85.6-117.1), whereas the mean density estimate sa.mple confidence limits, the Hemidactylus uncertainty ranges 72­
obtained by direct count (total removal) averaged 3416.7 geckosl 104/ha, implying an en-or factor of 15-22 fold. The correspond­
h.a (SE =608). Thus the disrance estimate for geckos wa.s low by a ing values for Lepidodactylus are 12/ha (CL I0---14/ha), which un­

factor of about 34 (Fig. I). The distance density estimate for snakes derestimated the true density of I777/ha by a factor of about 148.
 
was 4.4/ha (95% CL: 2.6-7.4), whereas the validated mark-recap­ Adding in the identification uncertainty broadens the lotal uncer­

lure populmion estimates (N = 14) averaged 32.7/ha (SE =4.0). tainty range for this species' estimate to 1O-18/ha, implying an
 
Thus the distance estimate for snake density was low by about a error factor of 98-181.
 
factor of 7 (Fig. I). The population density estimates provided by DTSTANCE in
 

The gecko species composition estimated from sighted individu­ this case were severely biased in compari~on to higher validity 
als W:JS overwhelmingly HemidaClv/us frenatLIs (88%), whereas methods. As evidenced by the different gecko species composi­
subsequent toral removal censuses indicated that less than half or tion of the contrasted merhods, the bia~ was different for ditferenl 
the gecko indi viduals present (46%) were of that species. The species even within the same guild and body size range. Before 
majot'ity (52%) were Lepidodttclylu.\· lugubris. concluding that distance sampling is inappropriate for this sys­

Di,\('I[ssion.-Does the discrepancy in gecko specie.,> composi­ tem. however, it is desirable to question possible sources of error 
tion hetween visual sightings (88% Hernidactylu.s) and census re­ in the higher validity methods. Each method makes assumptions, 
sults 146%) reflect detecrion differences among gecko species or but the following seem to us to have the greatest likelihood of 
Were geck.os misidentified or often not-identified to species dur­ error. 
ing vlsLlal searches? The percentage of unidentified geckos (4.1 %) Open mark-recapture analysis assumes negligible individual 
Was small relative to the total sample, indicating that the large heterogeneity in capture probability. If this assumption is invalid 
discrepancy could not be made up by more complete identifica­ for brown treesnakes, the true population densities would be higher 
lion nf geckoes sighted. The two observers gave virtually identi­ than reporied here, and the estimated bias of the distance esti ­
Cal perccntages of Hemidactylus in their visual samples (87.3 v. mates would be greater. 
&7.7(;;,). suggesting that few identifications were in error. It is likely. Open mark-recapture analysis also assumes the absence of ei­
however, that detection differed between these species. ther trap happiness or trap shyness. The existence of trap happi­
Lepidodaclylus is found mainly in foliage, where visibility is re­ ness would exacerbate the apparent bias of distance sampling for 
dUced, whereas Hemidactylu.s is most often found in more visible snakes, whereas trap shyness would have the opposite effect. Note 
Sites [1n branches, limbs, and trunks. Thus we expected that detec­ that the mouse attractant used in the snake traps cou Id not be eaten 
tion ""auld be more complete for Hem.idacfyh~\·. If one assume." by captured snakes, so trap happiness would not be expec[ed. In 
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closed model analysis of brown treesnake trap capture6 we have 
detected only limited evidence of either type of behavioral response 
(Rodda and Dean-Bradley, unpubl. data), suggesting that the ob­
served difference between mark-recapture and distance sampling 
is not attributable to trap shyne~s. 

The small sample plots used for toral removal population den­
sity estimation might have been non-representative. The selection 
criteria seem unbiased, and extensi ve glueboard surveys and vi­
sual searches failed to document any evidence of non-representa­
tion. We expect that only random bias would be produced by fail­
ure of this assumption. 

Which dislllnce assumptions might be in\'alid? The use of trai 1.<, 
rather than randomized unimproved transecls for distance sam­
pling centerlines violates a key method assumption, tha[ transects 
be placed randomly in relalion to habitat. [n this specific case, the 
transect "centerline" is a 2-01 wide band spanning the trail. If squa­
mate sighting rates were lower on trails than when walking cross­
country through the forest, our use of Irails could produce the ob­
served bias. ft is our experience, however, Ihat sighting rales are 
nor higher when walking cross country through the forest on Guam, 
but drop to near zero, because of visual interference by vegeta­
tion. FUl1hermore, if traiJ~ have any effect on the distribution of 
these species we would expect that heliophiJic squamates would 
seek out the sides of trails, as the light gaps created by trails pro­
duce more vegetation of a suitable height and these provide more 
basking and foraging opportunities. Thus, Our expectation was that 
use of trails for transect centerlines would bias distance estimates 
upwards, not downwards a'i observed. 

Violation of the assumption that all squamates present on the 
centerline were detected most likely produced the observed bias. 
It seems likely to us that vegetation concealed many active 
squamates, and that inactivity of others would account for their 
unavailability for detection. Intensive visual searches of brown 
treesnakes in finely-gridded areas on Guam produce an average 
detection probability of < 9% (usually < 5%; Rodda et aI., unpubl. 
data). Ifone can see only 9% (or less) of the snakes that are present 
in a forest, it is unrealistic to expect distance sampling to produce 
unbiased estimates of forest squamate population density. Because 
of the ubiquitousness of visual barriers in a forest, we suggest that 
distance sampling is unlikely to be valid for absolute densities of 
forest vertebrates detected exclusively by sight. 

Does the discrepancy in gecko species composition between 
visual sightings (86% Hel11idactylus) and census results (46% 
Hemidactylus) reflect detection differences among gecko species. 
or were visually-sighted geckos unidentified or misidentified fre­
quently enough to account for the discrepancy? The percentage 
of unidentified geckos (4.1 %) was small relative to tbe number 
identified: this could not account for the discrepancy. 
Misidentification cannot be unequivocally mled out, but we be­
lieve that the primary cause of the discrepancy is the different 
microhabitats used hy these geckos: Lepidodacrylus lugubris is 

found mainly in foliage, where visibility is reduced relative to the 
branch/trunk sites prefelTed by Hemidacrylusfrenarus. 

AIso, if detection on the centerline is not 100% and differs 
among species, distance estimates cannot be used as an index of 
abundance when compming species. For example, t.he distance 
estimator for Hemidactylus frenatus cannot be compared to that 
for Lepidodaovlus lugubris, even ifused only as an index of ahun­

dance. However, it might be pos~ible to make temporai COtnpa " 
n 

sons within a single ~pecies. Validation studies amont- differe 
seasons, species, and habitats would be needed to det.ermine if t~t 
ratio of undercounting is consistent enough for distanCe .<,amplln: 
to have utiJity as a single species index. C> 
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