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How does one test the validity of a population enumeration tech-
nique? Most validation studies perform “soft” validation; they
attemnpt either to coirelate the counts from two or more methods
(Fitch [992) or to compare the economic costs, difficulty. time
requirements, or non-economic costs of carrying out 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. Hard validation studies involving reptiles or amphibians
are rare and usually involve the artificial stocking of a bounded
plot (Henke (998; Rose and Armentrout 1974).

Distance sampling 1s a relatively new technique (Buckland et
al. 1993) that has gained considerable favor for certain herpeto-
logical sampling problems (Akin 1998; Thompson et al. [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 transect centerline, 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 regnires
only that all animals near the centerline be detected. The distribu-
tion of sighting distances to animals off the centerline is used to
model detectabtlity in the vicinity of the centerline, but 1t 1s only
the centerline density estimate that is used and extrapolated to the
habitat at large.

Because the centerline density is extrapolated 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 different ground cover
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and animal use patterns than surrounding 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 representative, a distance sampling centerline must be placed
randomly in relation to animal position and habitat heterogeneity.
These strictures dictate that trails or roads should not he followed,
but this 1s 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 js estimated without error
and prior 10 any movement of the animal towards or away from
the centerline/observer. Depending on the study species, these as-
sumptions would not be troublesome for many reptiles and am-
phibians.

Distance sampling seems ideally suited for the many species of
amphiluans 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 minimwm number of detections needed for a sampling
occasion to be useful. There is no uncertainty about the size ol the
area sampled, and one obtains an absolute population density esti-
mate that is insensitive to habitat structure, species, or the capa-
bilities of the searcher (Rodda 1993). The key disadvantages of
distance sampling for reptiles and amphibians are that one must
detect 100% of the animals on the unbiased centerline and that
detections must be gathered over an amount of tme and space
sufficient to accumulate an adequate sample size. Thus 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 sampling to true local gecko densities based
on subsequent total removal of all amimals 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 estimates that we had in turn
validated in adjacent fenced 1-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 leucocephala) 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 1-ha plots
circumscribed by trails and penetrated by three paralle] internal
transect trails spaced 25 m apart. Sighting of forest squamates was
facilitated because all searching was done at night when the many
small leaflets of the dominant tree, Leucaena leucocephala, fold
closed (mean percentage of tree basal area due to the species L.
leucocephala = 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,
creatjon ot the ransect trails did not greally alter forest structure.

Negligible movement towards or away from the observer v ag noteq
in sighted animals, which were illuminated by spotlight

Distance estimates were ohtained hy two experienced obsery.
ers who periodically checked sighting distance estimales againg
measured distances (a telescoping rod marked at 0.1 m mierva|g
was extended perpendicularly {rom transect centerline 1o the sight.
ing point). They walked each transect five times quarterly, fo, .
total of 36.2 km of transect searched on hoth sides of the (ray,
centerline. Results from other transects (in manipulated or Snake.
controlled plots: Campbell 1996) were not included i the djs.
tance validation data presented here. Sightings > 4 m \rom the
transect cenlerline were extremely sparse and were nol used in the
analysis. Because of uncertainty about the species identity of smay)
geckos. all gecko species were pooled. Based on known wdentitieg
(96% of sighted geckos were identified to species). the majority
(88%) of these sightings were Hemidactvius frenarus. the remajp.
der Lepidodactylus lugubris. Tt is possible that some individuag
of Gehyra mutilata were present: none was definitely sighted,
though one was found in a removal plot. The only other sighted
squamate was Lthe brown (reesnake, Boige irregularis. Snukes were
analyzed separately from geckos.

Conventional distance analytical methods (Buckland et al. 1993)
were used, with cut points for distance caregories sel al i}, 1,2, 3,
and 4 m (i.e., sightings grouped in the ranges 0-1.0 m. 1 .01-2.0p
m. elc.). Alternate cut points were investigated but did not appre-
ciably affect density estimates. Model selection was cuided by
program DISTANCE: alternate models provided neariy 1dentical
density estimates. Estimated sighting distances were pooled over
time for the four J-ha study plots. providing sample sizes of effort
(36.2 km). samples (4 plots), and observations (18532 geckos and
51 snakes).

Absolute population density measurements, by total removal,
were obtained using the methods described by Rodda et al. (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 censused 16 Feb—14 May
1995. Four 10 x 10 m additional samples from the same area were
censused 28 Jan-11 Feb. 1999. Because the two series produced
nearly 1dentical mean gecko densities (3350/ha v. 345(/ha), 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 snake den-
sity was well within the 95% confidence limits of mark-recapture
estimates made with this method on these plots at the lime this
work was caitied out. Briefly. we captured brown ireesnakes us-
ing snake traps (Rodda et al. 1999) and hand capture over six 15-
22 day periods sitmultaneous with the distance sampling. All cap-
tives were double marked using PIT tags and paint markmgs. Ex-
ploration of the resulting capture history matrices with various
open population models consistently indicated a best model (s
lected on the basis of Akaike’s Information Criterion) that varied
capture probability, g2, in accordance with snake snoul-vent length
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[Sma}i snakes were less frequently captured), 40 T 4500_(
sut with capture probability and apparent sur-
sivarship, ¢, constant over time. “Apparent sur- 3571 4000
givorship” quantifies the probability of a snake J R0
dying or moving permanently out of a study plot 30+
petween daily trapping occasions. Emigration . 25-L jui 3000+
cmeasured was high enough (2.5-17.5%/day) £ =
(o preclude analysis with closed mark-recap- g 20l 2 20T
wre models. Snake abundance in each plot was ﬁ § 2000
_estimated as size-stratified n-bar/p-hat, where U='J 154 o
. p-bar is the mean number of captures/day and 1500+
. p-hat is the maxtmum likelihood estimator of 104 —
i mean capture probability. Densiry was esti- 1
, mated by dividing estimated abundance by each 54 # 500 1
- plot’s nominal trap grid area (1 ha). Twenty-
_ four venues (four plots by six time periods) pro- 0 — ! 0 - — —
vided density estimates, but ten of these in- Mark-Rec. DISTANCE Total rem. DISTANCE

- volved plots for which the snake density had
i peen manipulated. The fourteen density esti-

, for comparison to the oue distance estimate

‘mates from unmanipulated plots were averaged

obtained concurrently.

Results.—The detection distances analyzed  sg.

\ by DISTANCE showed the expected smooth

decline with increasing distance from the transect centerline (gec-
kos: 721, 602, 390. and 140; snakes: 29, 21, 7. and 9) and had

¢ excellent modet goodnesses of fit (geckos: x> =0.71,df = 1. P =
- 0.4; snakes: ¥* = 1.39, df = 1. P = 0.24). For both data sets, the
" selected model used the uniform key and cosine adjustment. How-

ever, the density estimate obtained for geckos was 100.1 geckos/
ha (95% CL: 85.6-117.1), whereas the mean density estimate
obtained by direct count (total removal) averaged 3416.7 geckos/
ha (SE =608). Thus the disrance estimate for geckos was low by a
factor of about 34 (Fig. 1). The distance density estimate for snakes
was <.4/ha (95% CL: 2.6-7.4), whereas the validated mark-recap-

. lure population estimates (N = 14) averaged 32.7/ha (SE = 4.0).

Thus the distance estimate for snake density was low by about a
factor of 7 (Fig. 1).

The gecko species composition estimated from sighted individu-
als wus overwhelmingly Hemiductvius frenatus (88%), whereas
subsequent total removal censuses indicated that less than half of
the gecko individuals present (46%) were of that species. The
majorily (52%) were Lepidodactylus lugubris.

Discussion.—Does the discrepancy in gecko species composi-
tion between visual sightings (88% Hemidactvlus) and census re-
sults (46%) reflect detecrion differences among gecko species or
were veckos misidentified or often not-identified to species dut-
ing visual searches? The percentage of unidentified geckos (4.1%)
was small relative to the total sample, indicating that the large
discrepancy could nol be made up by more complete identifica-
tion nf geckoes sighted. The two observers gave virtually identi-
¢l percentages of Hemidactylus in their visual samples (87.3 ¥.
87.7¢4). suggesting that few identifications were in error. It is likely.
however, that detection differed between these species.
Lepidodactyius is found mainly in foliage, where visibility is re-
ducet, whereas Hemidactylus is most otten found in more visible
Sites on branches, limbs, and trunks. Thus we expected that detec-
tion would be more complete for Hemidactylus. If one assumes
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Fic. 1. Distance sampling estimates for brown treesnakes, Boiga irregularis, and geckos
(Hemidactylus frenatus, Lepidodacrylus tugubris, and Gelyra mutilara) on Guam in relation
to mark-recapture (snakes) or total removal estimation (geckos). Distance estimates show
maximum likelihood estimate with 95% confidence intervals. The other values are mean +/-

that all visual identifications were correct and that the proportional
representation of unidentified species was the same as for the iden-
tified geckos, the distance estimate for Hemidactylus would be
88/ha (CL 75-103/ha), which underestimated the true value of
1572/ha low by a factor of about 18. If one combines the small
uncertainty associated with species identification with the distance
sample contidence limits, the Hemidactylus uncertainty ranges 72—
104/ha, implying an error factor of 15-22 told. The correspond-
ing values for Lepidodactylus are 12/ha (CL 10~14/ha), which un-
derestimated the true density of 1777/ha by a tactor of about 148.
Adding in the identification uncertainty broadens the total uncer-
tainty range for this species’ estimate to 10-18/ba, implying an
error tactor of 98—18].

The population density estimates provided by DISTANCE in
this case were severely biased in comparison to higher validity
methods. As evidenced by the different gecko species composi-
tion of the contrasted merhods, the bias was different for different
species even within the same guild and body size range. Before
concluding that distance sampling is inappropriate for this sys-
temn. however, it is desirable to question possible sources of error
in the bhigher validity methods. Each method makes assumptions,
but the following seem to us to have the greatest likelihood of
€Iror.

Open mark-recapture analysis assumes negligible individuat
heterogeneily in capture probabifity. It this assumption is invalid
for brown treesnakes, the true population densities would be higher
than reported here, and the estimated bias of the distance esti-
mates would be greater.

Open mark-recapture analysis also assumes the absence of ei-
ther trap happiness or trap shyness. The existence of trap happi-
ness would exacerbate the apparent bias of distance sampling for
snakes, whereas trap shyness would have the opposite effect. Note
that the mouse attractant used in the snake traps could not be eaten
by captured snakes, so trap happiness would not be expected. In
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closed model analysis of brown treesnake trap captures 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 shyness.

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

Which distance assumptions might be invalid? The use of trails
rather than randomized unimproved transects for distance sam-
pling centerlines violates a key method assumption, that transects
be placed randomly in relation to habitat. In this specific case. the
transect “centerline” is a 2-m wide band spanning the trail. Il squa-
mate sighting rates were lower on trails than when walking cross-
country through the forest, our use of trails could produce the ob-
served bias. It is our experience, however, that sighling rales are
not higher when watking cross country through the forest on Guam,
but drop to near zero, because of visual interference by vegeta-
tion. Furthermore, if trails have any effect on the distribution of
these species we would expect that heliophilic squamates would
seek oul 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 as 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 al., unpubl.
data). If one can see only 9% (or less) of the snakes that are present
in a forest, it 1s 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% Hemidactylus) and census results (46%
Hemidactvius) 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 the number
identified: this could not account for the discrepancy.
Misidentification cannot be unequivocally ruled out, but we be-
lieve that the primary cause of the discrepancy is the different
microhabitats used hy these geckos: Lepidodactylus lugubris is
found mainly in foliage, where visibility is reduced relative to the
branch/trunk sites preferred by Hemidaciyius frenatus.

Also. if detection on the centerline is not 100% and differs
among species, distance eslimates cannot be used as an index of
abundance when comparing species. For example, the distance
estimator for Hemidactylus frenatus cannot be compared to that
for Lepidodactvius lugubris, even if used only as an index of ahun-
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dance. However, it might be possible to make temporai COMmpag
sons within a single species. Validation studies among diffe“m;
seasons, species, and habitats would be needed to determine if the
ratio of undercounting is consistent enough for distance Sampling
to have utility as a single species index. ©

Acknowledgments—Craig Clark was a comnerstone of suppor for 1)
of the field work involved in this projecl. We were also ably assisted by,
Jay Graham, Matt Reid, Tom Fritts. Thomas Sharp. Grant BC;IUIJ"eZ,Tod&
Mabee. Stan Kot. and numerous appreciated volunteers. The Departmen
ol Defense Legacy Program and the U.S. Department of the Interiorg
Office of Insular Affairs provided financial support. Andersen Ajr Force
Base (H. Hirsch) provided access tw field sites. Ken Burnham, Gary White
and David Anderson provided superlative trainiag on the sotiware uSed‘
for the analyses. Kathy Dean-Bradley, Tony Tucker, Teri Kiman. and Jimi
Gragg suggested improvements to the manuscript.

LireraTure CTeD

Ak, 1AL 1998, Fourier series estimation of ground skink populatiop
density. Copeia 1998:519-522.

Buckianp, S. T, D. R, Anperson. K. P. BurNaam, anp J. L. Laake. 1993,
Distance Sampling: Estimating Abundance of Biologica!l Popufations.
Chapman and Hall. London. 446 pp.

Campperr, E. W, TI1. 1996, The effect of Brown Tree Suake (Boiga
irregularis) predation on the island of Guam’s extant lizard assem-
biages. Unpub. Ph.D. dissert. Ohio State Univ.. Columbus. Ohio, 9]
PP-

DueLiman, W.E. 1987. Lizards in an Amazonian rain forest community
{(Peru): Resource utilization and abundance. Nal. Geogr. Res. 3:489-
500.

Frrcu, H. S. 1992. Methods of sampling snake populations and their rela-
tive success. Herpetol. Rev. 23:17-19.

Henke, S. E. 1998, The effeet of multiple search items and item abun-
dance on the efficiency of human searchers. J. Herpetol. 32:112-115.

Roopa, G. H. 1993. Where’s Waldo {and the snakes)? Herpetol. Rev.
24:44-45.

- E.W.CampseLe, II1 anp T. H. Fritts. 2001, A high validity cen-

sus technique for herpetofaunal assemblages. Herpetol. Rev. 32:24-

30.

, T. H. Fritrs. C. S. Crark. S. W. Gorte, anp D. CHiszar. 1999. A
state-of-the-art trap for the Brown Treesnake, In G. H, Rodda. Y. Sawal,
D. Chiszar, and H. Tanaka (eds.), Problem Snake Management: the
Habu and the Brown Treesnake, pp. 268-305. Cornell Univ. Press,
Ithaca. New York.
Rosk. F. L., anp D. ARMENTROUT. 1974. Population esumates of Arnbystoma
rigrimim inhabiting two playa lakes, J. Anim. Ecol. 43:671-676.
STrONG, D.. B. LEATHERMaN, aND B. H. BRaTTSTROM. 1993. Two new simple
methods for catching small fast lizards. Herpetol. Rev. 24-22-23.
Trompson, W. L.. G. C. Wwite. anDp C. Gowan. 1998. Monitoring Verte-
brate Populations. Academic Press, San Diego. California. 363 pp-

Wiite, G. C., anp K. P. Burngam. 1999, Program MARK: survival est-
mation from populations of marked animals. Bird Study 46 Supple-
ment:120--138.

Herpetological Review 33(4), 2002

i sk

pr
0l

. 00

| se

ca

i




