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EFFECTS OF CONSERVATION RESERVE PROGRAM SEEDING REGIME
ON HARVESTER ANTS (POGONOMYRMLEX), WITH IMPLICATIONS FOR
THE THREATENED
TEXAS HORNED LIZARD (PHRYNOSOMA CORNUTUM)
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Department of Biological Sciences, Texas Tech University, Lubbock, TX 79409-3131
*Correspondent: nancy.mcintyre@ttu.edu

ABSTRACT—I compared the presence and abundance of nest-sites made by harvester ants (Po-
gonomyrmex), the primary prey for the endangered Texas horned lizard (Phrynosoma cornutum),
among restored grassland plots planted in different grass species and indigenous prairie. The
restored plots had been seeded as part of the Conservation Reserve Program (CRP) as exotic
monocultures of either Old World bluestem (Bothriochloa ischaemum) or weeping lovegrass (Era-
grostis curvula), or as mixtures of native grasses (both with and without buffalograss, Buchloé dac-
tyloides). On average, the fewest ant mounds were found on Old World bluestem plots, whereas
the indigenous grassland had the highest density of harvester ant mounds. However, there were
no significant differences between native and exotic CRP plantings. Results obtained from a si-
multaneous visual survey for Texas horned lizards corroborate these findings. Thus, there is no
evidence that CRP plots planted in exotic grasses are significantly poorer habitat for Texas horned
lizards in terms of ant abundance than native grass plantings.

RESUMEN—Comparé la presencia y abundancia de nidos de hormigas Pogonomyrmex, la presa
principal del camaleon texano (Phrynosoma cornutum), una lagartija en peligro de extincion, en
parcelas restauradas de pastizales sembrados de especies diferentes y parcelas de pradera nativa.
Dichos parcelas restauradas forman parte del Programa de Conservacion de Reservas (CRP por
sus siglas en inglés) y abarcan monocultivos de pastos introducidos (Bothriochloa ischaemum o Era-
grostis curvula) o mezclas de pastos nativos (con y sin Buchloé dactyloides). En general, la menor
densidad de nidos de hormigas Pogonomyrmex se encontr6 en las parcelas de Bothriochloa ischaemum,
y la mayor densidad de los nidos se encontraron en los pastizales nativos. Sin embargo, no hubo
diferencias significativas entre parcelas CRP de pastos exoticos y pastos nativos. Los resultados
obtenidos de un muestreo visual simultineo del camale6n texano corroboran estos resultados.
Entonces, no hay ninguna evidencia de que los campos del Programa de Conservacion de Reservas
sembrados en pastos exoticos son un habitat significativamente mas pobre para Phrynosoma cor-
nutum en términos de abundancia de hormigas que los sembrados en pastos nativos.

More than 99% of the Great Plains has been
lost to anthropogenic habitat transformations,
with resultant negative effects on many animal
populations (Noss et al.,, 1995). Formed in
1985, the Conservation Reserve Program
(CRP) of the United States Department of Ag-
riculture leases private agricultural land for 10-
year periods, whereby the landowner seeds the
land and does not plow or graze it during that
time (Young and Osborn, 1990; Olenbusch et

al.,, 1995). Approximately 14 million ha are
currently enrolled in the CRP (United States
Department of Agriculture, 2000). This pro-
gram has effectively been a form of prairie res-
toration in the Great Plains for many wildlife
species (Berthelsen et al., 1989; Johnson and
Schwartz, 1993; Reynolds et al., 1994; Johnson
and Igl, 1995; King and Savidge, 1995).

Most of the earliest CRP leaseholders plant-
ed less costly exotic grasses, especially Eragrostis
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curvula (weeping lovegrass) and Bothriochloa is-
chaemum (Old World bluestem). Leases initiat-
ed since 1997, however, require landowners to
plant at least 90% of their fields in a mix of
native grasses, such as Bouteloua curtipendula (si-
deoats grama), B. gracilis (blue grama), Pani-
cum virgatum (switchgrass), and Buchloé dactylo-
ides (buffalograss). Lease renewals since 1997
require reseeding at least 51% of existing CRP
land in native plants. Because buffalograss is
relatively expensive compared to the other spe-
cies, however, many CRP fields do not include
it despite its abundance and importance in na-
tive shortgrass prairie (Berthelsen et al., 1989;
Lauenroth and Milchunas, 1991). Thus, CRP
lands comprise a mosaic of exotic monocul-
tures and mixed native plantings.

Harvester ants (Pogonomyrmex) are abundant
and conspicuous components of grassland eco-
systems (Cole, 1968). These ants clear vegeta-
tion around their nest-sites (mounds) to form
a disk of bare ground 1 to 2 m in diameter
(Crist and Wiens, 1994; McIntyre, 1999). These
granivorous insects alter plant community
composition through differential seed preda-
tion, affect soil chemistry through burrowing,
and alter the behavior of other arthropods by
providing areas of bare soil for thermoregula-
tion and oviposition (Mclntyre, 1999). They
are also the primary prey for the Texas horned
lizard (Phrynosoma cornutum).

The Texas horned lizard is listed as a threat-
ened species in Texas and Oklahoma. Al-
though the species once occurred in semi-arid
grasslands from Kansas to the northern half of
Mexico and from eastern Texas to extreme
southeastern Arizona, its numbers have de-
clined precipitously in recent decades, and it
has virtually disappeared from the eastern por-
tion of its historic range (Donaldson et al.,
1994). The rapid and recent decline in the
Texas horned lizard makes a habitat assess-
ment for the species vital for future conserva-
tion efforts to halt this downward trend (Don-
aldson et al., 1994). One key element of such
a habitat assessment must be an evaluation of
the occurrence of its primary prey, harvester
ants. Ants can comprise 69% of the prey indi-
viduals consumed by the Texas horned lizard
(and 61.2% of stomach volume; Pianka and
Parker, 1975; Donaldson et al., 1994). Few or-
ganisms other than horned lizards consume
these ants, and the occurrence of horned liz-

ards is tightly coupled to the occurrence of
harvester ants (Whitford and Bryant, 1979;
Donaldson et al., 1994).

The goals of this study were to assess the oc-
currence of harvester ants on CRP lands plant-
ed as exotic monocultures versus CRP planted
in mixed native grasses, as compared to indig-
enous, unseeded grassland. Harvester ants
were surveyed at 16 sites in the Texas Panhan-
dle Plains: 4 plots were CRP weeping lovegrass;
3 were CRP Old World bluestem; 4 were CRP
plots seeded with native species (with a domi-
nance of sideoats grama, blue grama, and
switchgrass) without buffalograss; 4 were CRP
plots seeded with sideoats grama, blue grama,
switchgrass, and buffalograss; and 1 was an un-
seeded, unplowed native grassland plot: Mu-
leshoe National Wildlife Refuge (NWR). These
plots were not associated with any particular
soil types or textures, which consisted of vari-
ous loams, clay and sandy loams, and fine
sands (Newman, 1962; Sanders, 1962; Girdner,
1963; Blakley, 1974; Blackstock, 1979). Each of
the CRP plots averaged 1 km? in size and was
at least 3 years old. The Muleshoe NWR plot
had never been plowed, and it had not been
grazed by livestock for 3 years prior to study.
Plots were separated by at least 1 km, with the
maximum linear distance between sites being
97 km, indicating that the sites were largely in-
dependent and yet subject to a similar climate
and agroeconomic history. The red imported
fire ant (Solenopsis invicta), which might com-
petitively eliminate harvester ants (Hook and
Porter, 1990), was not found at any of these
sites; the species has not become widely estab-
lished in the Texas Panhandle, primarily be-
cause of its intolerance of xeric environments
(Moody et al., 1981).

Because horned lizard predation pressure
can cause harvester ants to curb foraging activ-
ity (Whitford and Bryant, 1979), the density of
ant nest-sites might be a more constant and
reliable indicator of habitat suitability than for-
ager activity or abundance. I measured the
density of harvester ant nest-sites at each of the
16 study locations. Ant colonies are relatively
long-lived and sessile, and depredation by
horned lizards does not significantly depress
numbers of colonies (Whitford and Bryant,
1979), meaning that mounds can persist for
many years in a given area. The density of ant
nest-sites was surveyed along a 100-m north-
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FiG. 1—Mean density (squares) with 95% confi-
dence intervals (T-bars) of harvester ant mounds by
site type in the Texas panhandle.

south belt transect (10 m in width) located at
the center of each site. All sites were surveyed
between 0700 and 1200 Central Daylight Time
in July 2001 when the weather was sunny, clear,
and dry, with temperatures of 22 to 35°C.
Mean densities of nest-sites were compared
among site types using 95% confidence inter-
vals (CI) (Zar, 1999). Because there was only 1
unseeded, unplowed grassland plot, its density
value is reported for comparison purposes and
is not associated with 95% CI. A visual survey
for Texas horned lizards was conducted simul-
taneously with the ant nest-site survey.
Harvester ant nest-site densities ranged from
0 to 20 mounds/ha. These values are consis-
tent with previously reported densities from
western Texas (0 to 25 mounds/ha; Donaldson
etal., 1994). Significant differences were noted
in mound density by site type (Fig. 1). On av-
erage, the fewest ant mounds were found on
Old World bluestem plots (0 to 10.9 mounds/
ha, with an average of 4.8); the unseeded na-
tive grassland had the highest density of har-
vester ant mounds (20 mounds/ha). No har-
vester ant mounds were found at 3 sites (1 Old
World bluestem site, 1 weeping lovegrass site,
and 1 native CRP plot planted without buffalo-
grass). Even when these sites were excluded
from analysis, however, the trends remained
unchanged. The replicate sites within each site
type differed from each other in terms of num-
ber of ant mounds present (evidenced by var-
iable widths of the confidence intervals in Fig.
1). There was no evidence that CRP plots
planted in exotic grasses were significantly

poorer habitat in terms of ant abundance than
native grass plantings.

Texas horned lizards were observed at 2 Old
World bluestem sites (1 lizard at each site), 1
native CRP plot with buffalograss (2 lizards),
and 1 native CRP plot planted without buffal-
ograss (1 lizard). Horned lizards were ob-
served only at sites where ant mounds were re-
corded. These results add corroborative evi-
dence to the findings from the ant nest-site sur-
vey. The relatively high cost of buffalograss did
not render CRP plots that incorporated it sig-
nificantly better ant or horned lizard habitat
compared to plots without buffalograss, mean-
ing that CRP leaseholders who originally plant-
ed less expensive grasses still provided valuable
wildlife habitat. New leases and lease renewals
require that native grasses be used over a ma-
jority of the land.

Incidence of harvester ant nests is only 1 fac-
tor in the estimation of the value of an area as
habitat for the Texas horned lizard (Burrow et
al,, 2001). The potential influence of other fac-
tors, such as the land-use history of a field, soil
type and texture, and landscape context, war-
rant further investigation. However, the pres-
ence and abundance of the ants is a critical
factor, nonetheless, in determining whether a
parcel of land could support the Texas horned
lizard. This is a promising avenue for future
research concerning conservation of the Texas
horned lizard and the value of CRP.

I thank the numerous CRP leaseholders who per-
mitted access to their property for this study. I thank
T. Thompson (Department of Range, Wildlife, and
Fisheries Management, Texas Tech University), C.
Boal (Texas Cooperative Fish and Wildlife Research
Unit), the Natural Resources Conservation Service,
and Muleshoe NWR for help in formulating this
study. B. Bestelmeyer (Department of Biology, New
Mexico State University), C. Boal, and 2 anonymous
reviewers made helpful comments on manuscript
drafts. H. Stevens (Department of Biological Scienc-
es, Texas Tech University) provided the Spanish
translation of the abstract.
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BASELINE SURVEY OF TEXAS HORNED LIZARDS, PHRYNOSOMA
CORNUTUM, IN TEXAS

ScorT E. HENKE*

Caesar Kleberg Wildlife Research Institute, Texas A&'M University—Kingsville, Kingsville, TX 78363
*Correspondent: scott. henke@tamuk.edu

ABsTRACT—I studied 102 Texas horned lizards (Phrynosoma cornutum) encountered along roads
or fortuitously at 50 sites in northern, southern, eastern, western, and central Texas from May
through September 1999. Female-to-male and juvenile-to-adult ratios were 58:44 and 56:46, re-
spectively. Distribution of horned lizards by sites were 60%, 50%, 50%, 30%, and 0% for the
western, southern, northern, central, and eastern portions of the state, respectively. Average num-
ber of lizards captured was greater in the southern region compared to the central and eastern
regions. The size of juvenile lizards was similar by region and sex; however, adult lizards were
heavier and larger in the southern region compared to the western region.

RESUMEN—Estudié 102 camaleones texanos (Phrynosoma cornutum) encontrados alrededor de
caminos o en otros lugares en 50 localidades del norte, sur, este, oeste y centro de Texas de mayo
a septiembre de 1999. La proporcion hembra-macho y juvenil-adulto fue de 58:44 y 56:46, res-
pectivamente. La distribucion por localidades de los camaleones estudiados fue de 60%, 50%,
50%, 30%, y 0% para el oeste, sur, norte, centro, y este del estado, respectivamente. El promedio
de capturas de lagartijas fue mayor en la region sur en comparacion con las regiones centro y
este. El tamano de los camaleones juveniles fue similar por region y sexo; sin embargo, adultos

fueron mas pesados y mas largos en el sur en comparacion con el oeste.

Texas horned lizards (Phrynosoma cornutum)
were once widespread and abundant through-
out Texas, except in the far eastern portion of
the state (Bigony, 1981); however, their popu-
lation has experienced a dramatic decline over
the past 40 years (Donaldson et al., 1994). Tex-
as horned lizards probably are limited to a few,
small fragmented populations in Texas east of
a line from Fort Worth to Corpus Christi (Do-
naldson et al., 1994). Consequently, the species
is listed as threatened by the state of Texas
(Texas Parks and Wildlife Code, 1987).

Museum records contain numerous speci-
mens of Texas horned lizards, but early re-
searchers failed to provide details of their cap-
ture efforts (i.e., person-hours). Also, to my
knowledge, recent surveys to assess density or
abundance of Texas horned lizards have not
been conducted. Without such information,
population trends of Texas horned lizards can-
not be assessed. Donaldson et al. (1994) revis-
ited historical collection sites and concluded
that Texas horned lizard populations were de-
clining throughout most of Texas, except in

southern and northern regions, where popu-
lations appeared stable. Since the survey by
Donaldson et al. (1994), assessments of the sta-
tus of Texas horned lizard populations have
not been published.

Because of their threatened status in Texas,
populations of Texas horned lizards should be
regularly assessed to determine if trends re-
ported by Donaldson et al. (1994) continue.
Therefore, my objectives were to determine re-
gional population demographics and capture
rates of Texas horned lizards to provide a pop-
ulation baseline for future assessments.

Texas horned lizards were captured by sys-
tematic searches and fortuitous encounters
(Fair and Henke, 1997) throughout 5 study re-
gions (i.e., north, south, east, west, and cen-
tral) of Texas as delineated by Donaldson et al.
(1994) (Fig. 1). Study regions included 10 ma-
jor vegetative regions of Texas (Gould, 1962).
Fifteen possible search sites within each region
were selected based on anecdotal evidence
that Texas horned lizards were observed on
site within the last 2 years; 10 sites were chosen
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TaBLE 2—Regional mean capture rate of Texas
horned lizards collected throughout Texas during
May through September 1999. Study regions defined
by Donaldson et al. (1994). n = number of capture
sites per region. Capture rates with the same letter
were not significantly different (P > 0.05) between
regions.

Capture rate

Region n (mean * SE)
South 10 1.036 = 0.51 A
North 10 0.170 = 0.06 AB
West 10 0.117 = 0.04 AB
Central 10 0.094 = 0.05B
East 10 0.000 = 0.00 B

(i.e., SVL and weight) of horned lizards (SAS
Institute, 1989). Scheffé’s test was conducted
when a significant (P = 0.05) [~test was noted
(Steel and Torrie, 1980). Analyses of size were
separated by cohort (i.e., juvenile and adult)
because of the obvious size differential be-
tween cohort groups. Distributions of residual
errors were tested for normality using Shapiro-
Wilk test (SAS Institute, 1989). Homogeneity
of variances among treatments was evaluated
with Bartlett’s test (Steel and Torrie, 1980).
Sex ratios and age ratios were analyzed using
Chi-square analyses with the Yates correction
factor of continuity to determine if ratios dif-
fered from a 1:1 relationship (Steel and Torrie,
1980). Chi-square analysis also was used to test
if the proportion of sites with horned lizards
differed between regions. Statistical signifi-
cance was inferred at P = 0.05. Descriptive sta-
tistics are presented as the mean * 1 SE.

I captured 102 Texas horned lizards during

vol. 48, no. 2

1999 (Table 1). Scat from horned lizards was
found on several sites, but was only located on
sites where horned lizards were captured.
Mean capture rates differed (I 45 = 3.34; P =
0.02) by region, with mean capture rates of
horned lizards being greater on sites within the
southern region than on sites within the cen-
tral or eastern regions (Table 2). Texas horned
lizards were observed and caught on 60%,
50%, 50%, 30%, and 0% of the capture sites
in the western, southern, northern, central,
and eastern regions, respectively. However, the
proportion of sites with horned lizards did not
differ (x> = 6.0; df = 4; P > 0.18) between
regions. Sex ratios (M:F) of Texas horned liz-
ards were 19:28, 9:9, 7:9, and 9:12 on sites with-
in the southern, central, western, and north-
ern regions, respectively, and ratios did not de-
viate (x2 < 1.4; df = 1; P > 0.25) from a 1:1
relationship. Juvenile-to-adult ratios of Texas
horned lizards were 21:26, 9:9, 9:7, and 17:4
on sites within the southern, central, western,
and northern regions, respectively. Age ratios
did not deviate from a 1:1 relationship except
on sites within the northern region, where
more (x? = 6.8; df = 1; P < 0.01) juvenile than
adult horned lizards were caught. Weights and
SVL of juvenile Texas horned lizards did not
differ (I99 < 0.75; P > 0.39; I o <1.8; P >
0.14) by region, sex, or by the interaction of
main effects (Table 3). However, in adult Texas
horned lizards, a regional difference in weight
and SVL occurred with lizards from sites within
the southern region being heavier (F} o, = 4.1;
P < 0.004) and longer (I, g9 = 2.6; P < 0.04)
than lizards from sites within the western re-
gion (Table 3). Weights and SVL of adult Texas

TABLE 3—Snout-vent length (SVL) and weight of juvenile and adult Texas horned lizards collected
throughout Texas from May through September 1999. Lizards considered adults at SVL. = 68 mm (Ballinger,
1974). Study regions defined according to Donaldson et al. (1994). Texas horned lizards with same letter
were not significantly different (P > 0.05) in length or weight. Texas horned lizards not found in East

region.
Juveniles Adults
SVL (mm) Weight (g) SVL (mm) Weight (g)

Region mean = SE  Range mean * SE  Range mean = SE Range mean * SE Range
South 540 + 21 A 21-67 135 *21A 1-34 819 *1.7A 6896 362 *20A 15-54
Central 589 * 1.6 A 52-65 174 = 14A 12-27 765+ 28 AB 68-91 285 * 1.1 AB 20-32
West 529 £ 29A  44-67 98 x 1.2A 6-16 759 * 2.6 AB 69-87 30.8 * 0.8 AB 29-33
North  54.3 = 0.9A 50-65 125 *15A 6-29 705 =*09B 68-72 240 *18B 17-30
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horned lizards were not affected by sex (/1 g
< 2.8; P> 0.09) or the interactive effect of sex
and region (F, 9, < 1.1; P> 0.39).

Texas horned lizard populations have de-
clined in Texas (Donaldson et al., 1994), but
it is difficult to determine if the decline has
halted or if it continues today. The only pub-
lished assessment of the status of Texas horned
lizards was conducted by Donaldson et al.
(1994), but they, like past researchers of mu-
seum collections, failed to provide adequate in-
formation (e.g., person-hours, density esti-
mates) to make temporal comparisons. From
their study, Donaldson et al. (1994) concluded
that abundances of Texas horned lizards were
greatest in the southern and northern regions
of Texas. Although the same regions provided
me with the greatest numbers of horned liz-
ards, the numbers collected at the sites within
the northern region were not significantly
greater than at sites within the other regions
of the state. It is possible that the population
of Texas horned lizards within the northern
region of the state continued to decline after
the assessment by Donaldson et al. (1994) to a
level similar to sites within the western and
central regions. Alternatively, it is equally pos-
sible that the populations in western and cen-
tral Texas increased in horned lizard abun-
dance, which also would account for no differ-
ences between sites with these regions.

Anecdotally, populations of Texas horned
lizards were considered contiguous through-
out the southern region of Texas. I found
horned lizards on only 50% of the sites within
the southern region, even though the majority
of sites within this region were located in the
South Texas Plains vegetative region and con-
tained similar climates, soil, and plant com-
munities (Gould, 1962). Although speculative,
populations within this region might have be-
come fragmented. The effects of habitat frag-
mentation on populations of Texas horned liz-
ards are unexplored.

Although the western region had the great-
est proportion of sites with Texas horned liz-
ards, horned lizard abundance at these sites
was low. Distribution and abundance of
horned lizards were both low on sites within
central Texas, and horned lizards might be ex-
tirpated from my sites in eastern Texas. I ac-
knowledge that horned lizards could have
been present but evaded capture in the search

areas. Although such evasions would affect my
conclusion about horned lizard distribution, it
would have a negligible effect on the regional
trend of capture rates (i.e., abundance) that
were observed.

Adult and juvenile horned lizards were
found in each region, except at sites within the
eastern region. This provides evidence that
horned lizards are reproducing, but long-term
population monitoring is needed to determine
the stability of populations. Perhaps survival of
Texas horned lizards was greatest on sites with-
in the southern region of Texas because they
were larger, on average, than on sites in the
remainder of the state. Fair and Henke (1999)
estimated that annual survival of Texas horned
lizards in southern Texas ranged from 9% to
54%. Survival estimates of Texas horned lizards
from other regions of Texas are unknown.

The demographic data provided in this
study can serve as a reference point from
which future studies can assess trends in the
population status of Texas horned lizards in
Texas. Without such assessments, potential re-
covery of this threatened species will remain
unknown.

I thank L. Gaston, ]J. Feilds, and L. Harveson for
assistance with the capture of horned lizards, and D.
Hewitt, B. Ballard, and W. C. Sherbrooke for com-
ments on an earlier draft of the manuscript. Finan-
cial support was provided by the Houston Livestock
Show and Rodeo Association. Texas horned lizards
were captured and handled in accordance with Tex-
as Parks and Wildlife Department (Austin, Texas)
Scientific Permit Number SPR-0993-636. This study
was approved by the Texas A&M University—Kings-
ville Animal Care and Use Committee (#1-97-37).
This manuscript is Contribution Number 02-107 of
the Caesar Kleberg Wildlife Research Institute.
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FORAGING MODE OF THE RETICULATE COLLARED LIZARD,
CROTAPHYTUS RETICULATUS

JERRY F. HUsAK* AND EMILY N. ACKLAND

Department of Zoology, Oklahoma State University, Stillwater, OK 74078
*Correspondent: husak@okstate.edu

ABSTRACT—The reticulate collared lizard (Crotaphytus reticulatus) is a large, crotaphytid lizard
restricted to the lower Rio Grande Valley of southern Texas and northern Mexico. Our objectives
were to determine the foraging mode of this species and test predictions made by other investi-
gators about foraging behavior. We conducted focal observations on 10 male and 10 female lizards
in Falcon State Park, Starr County, Texas, to quantify the number of movements per minute
(MPM), the proportion of time spent moving (PTM), and the proportion of attacks made on prey
items while moving (PAM). We removed foraging movements followed by social displays from the
data and recalculated and reanalyzed foraging activity values. With “display” movements removed,
there was a significant difference between MPM values and PTM values for males and for the
sexes combined, but there was no significant difference in MPM values or PTM values for females.
The foraging measures calculated for C. reticulatus, with and without “display” movements re-
moved from the calculations, suggest that it is a “sit-and-wait” ambush forager like its congener
C. collaris.

RESUMEN—La lagartija reticulada de collar (Crotaphytus reticulatus) es una lagartija grande res-
tringida al valle bajo del Rio Bravo del sur de Texas y del norte de México. Nuestros objetivos
fueron determinar el modo de buscar comida y probar algunas hipotesis hechas por otros inves-
tigadores referentes al comportamiento de busqueda de comida. Realizamos observaciones focales
de 10 machos y 10 hembras de la especie en el Parque Estatal de Falcon, condado de Starr, Texas,
para cuantificar el nimero de desplazamientos por minuto (MPM), la proporcion del tiempo
utilizada desplazandose (PTM), y la proporcion de ataques a presas mientras se movian (PAM).
Descartamos los desplazamientos seguidos de exhibiciones sociales de los datos y calculamos y
analizamos nuevamente los valores de busqueda de comida. Con estos desplazamientos removidos,
hubo una diferencia significativa entre los valores de MPM y PTM para los machos y para ambos
sexos juntos, pero no hubo una diferencia significativa de los valores ni de MPM o de PTM para
las hembras. Las medidas de busqueda de comida para C. reticulatus, con o sin los desplazamientos
de “exhibicion,” sugieren que es una especie que busca la comida por medio de emboscadas de
“sentarse y esperar’ como su congénere C. collaris.
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The reticulate collared lizard ( Crotaphytus re-
ticulatus) is a large, crotaphytid lizard that ex-
hibits strong sexual dimorphism in body size,
with adult males reaching larger sizes than fe-
males (Smith, 1946). Male and female adult
lizards are both tan in color, with a white, re-
ticulated dorsal pattern enclosing 7 or 8 trans-
verse lines of black spots (Montanucci, 1976;
McGuire, 1996). Males have a bright yellow col-
oration on the front limbs and on the anterior
dorsum and ventral region of the trunk during
the breeding season (McGuire, 1996). The spe-
cies is restricted to the lower Rio Grande Valley
of southern Texas and northern Mexico. The
reticulate collared lizard is primarily saxicolous
and mainly occurs in rolling terrain with shal-
low, gravelly soils, but it has been known to
utilize flatland habitats where rocks are not
present (Montanucci, 1971). Because of its lim-
ited geographic distribution and because the
area in which it lives is disturbed by humans
and introduced grasses, C. reticulatus is listed as
a state-threatened species in Texas (Dixon,
2000).

Little of the natural history of this species
has been quantitatively studied. Smith (1946)
commented that the reticulate collared lizard
is 1 of the least known lizards in the United
States, and little has been done since then to
remedy that situation. Montanucci (1971) an-
ecdotally reported diel and seasonal activity
patterns. Accounts of diet suggest that adult
and juvenile lizards are opportunistic foragers,
consuming a wide variety of arthropods and
plant tissue (Klein, 1951; Montanucci, 1971).
Montanucci (1971) reported that individuals
were observed foraging during early morning
and evening hours, but no mention was made
as to how foraging was conducted.

Two common lizard foraging strategies have
been described as distinct “modes” (MacAr-
thur and Pianka, 1966; Huey and Pianka,
1981), but it has been suggested that foraging
modes might vary along a continuum between
the 2 extremes from ambush (sit-and-wait) to
active (wide) foraging (Magnusson et al., 1985;
Pietruszka, 1986; Perry et al., 1990; Cooper
and Whiting, 1999). There is still debate on
which of these concepts is a better explanation
of foraging modes (McLaughlin, 1989; Perry,
1999; Cooper et al., 2001). The foraging mode
of C. reticulatus is of particular interest because
this species is the basal taxon in this genus

(McGuire, 1996) and, therefore, represents a
lineage that is the closest extant relative of all
Crotaphytus, an ambush foraging group, and
Gambelia, a genus composed primarily of more
active foragers (Montanucci, 1978; Tollestrup,
1983). Reticulate collared lizards, like other
Crotaphytus species, spend the majority of their
time in stationary positions for thermoregula-
tory and social purposes (Husak and Ackland,
unpubl. data), suggesting that they are ambush
foragers. Our objectives were to determine for-
aging mode and test predictions made by oth-
er investigators about foraging behavior.

The study site was a sandstone outcropping
in Falcon State Park, Starr County, Texas, veg-
etated by a honey mesquite (Prosopis glandulo-
sa) and acacia (Acacia rigidula and A. berlandie-
ri) thornscrub community. Other common
plants on the site included huisache (A. mi-
nula), retama (Parkinsonia aculeata), and prick-
ly pear cactus (Opuntia lindheimeri). During 20
through 22 May 2001, 20-min focal observa-
tions were conducted on adult lizards through-
out the study site to quantify foraging behavior.
Lizards were located by walking the site slowly
until a subject was found, waiting for 2 minutes
to minimize disturbance effects, then initiating
the focal observation. All activities of lizards
were quantified from a distance of at least 20
m, using binoculars and a hand-held microcas-
sette recorder, including (following Cooper et
al.,, 2001) time (to the nearest second) spent
moving and stationary, feeding attempts, and
whether feeding attempts were made while
sedentary or actively searching. Successful at-
tempts at predation were not distinguished
from unsuccessful attempts, because such ob-
servations are difficult to make from long dis-
tances. Postural adjustments of the body were
not counted as movements; only unambiguous
movements from 1 location to another were
recorded.

To determine whether or not foraging mode
calculations might be affected by social behav-
ior, we also recorded whether or not move-
ments were followed by displays. Observations
were made when the substrate temperature
was between 35 and 42°C, a temperature range
similar to that used in a study of Crotaphytus
collaris behavior (Baird and Timanus, 1998).
Because the preferred temperature range for
C. reticulatus is unknown, we used this range
because it corresponded to the active behavior
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of the lizards. On a few occasions, lizards left
our field of view, so the total time of those focal
observations was adjusted for the calculation of
foraging measurements. Observations were
made of the same population over several days,
but our experience with the individually
marked lizards in the population gave us con-
fidence that no lizard was observed more than
once. From focal observations, we calculated 3
measures of foraging activity as described in
Cooper et al. (2001): 1) the number of move-
ments per minute (MPM), 2) the proportion
of time spent moving (PTM; amount of time
spent moving divided by total time observed),
and 3) the proportion of attacks made on prey
items while moving (PAM; the number of at-
tacks on prey discovered while actively search-
ing divided by total recorded mobile or im-
mobile attacks on prey).

Due to hot midday temperatures, the lizards
had a bimodal daily activity pattern (Husak
and Ackland, unpubl. data). Therefore, focal
observations were conducted during morning
and evening. Because there were no differenc-
es for any of the foraging activity measures dur-
ing the morning and evening (Kolmogorov-
Smirnov 2-sample test, P> 0.75), we combined
these data for all analyses. Differences were
tested between the sexes in the 3 measures us-
ing 2-sample ttests. Because data were collect-
ed during breeding season, foraging move-
ments followed by display were removed from
the data and foraging activity values were re-
calculated and reanalyzed. Differences be-
tween foraging values with and without “dis-
play” movements were tested within each sex
using paired ttests, and differences between
sexes were tested using 2-sample ttests.

There were no significant differences be-
tween the sexes for any of the measures of for-
aging mode (Table 1). With and without “dis-
play” movements removed from the calcula-
tions, there was a significant difference be-
tween MPM values (Table 2) for males (¢ =
2.81, P = 0.021) and for the sexes pooled (¢ =
2.62, P= 0.017), and between PTM values (Ta-
ble 2) for males (¢t = 2.77, P = 0.022) and the
sexes pooled (¢ = 2.46, P = 0.024). There was
no significant difference in MPM or PTM val-
ues for females when ‘“‘display” movements
were removed from or included in the analysis
(Table 2). When “display” movements were re-
moved, there were still no significant differ-

TABLE 1—Mean (* SE) movements per minute
(MPM), proportion of time spent moving (PTM),
and proportion of attacks made on prey items while
moving (PAM) for 10 adult male and 10 female re-
ticulate collared lizards (Crotaphytus reticulatus) in
southern Texas. No significant differences were
found between sexes.

MPM PTM PAM
Male 0.318 = 0.082 0.018 = 0.006 0.0
Female 0.318 = 0.073 0.014 = 0.003 0.0
Combined 0.318 = 0.054 0.016 = 0.003 0.0

ences between the sexes in MPM or PTM val-
ues (Table 2).

The foraging measures calculated for C. re-
ticulatus are similar to those calculated for its
congener C. collaris (MPM 0.086, PTM 0.004,
PAM 0.0; Cooper et al., 2001) and are within
the range of foraging mode values for classifi-
cation as an ambush forager (Cooper et al,,
2001). Ecomorphological analysis of crotaphy-
tid feeding (Lappin, 1999) suggests that lizards
with robust heads should prey primarily on ar-
thropods and occasionally on vertebrates,
which agrees with findings on C. reticulatus
(Klein, 1951; Montanucci, 1971). We only saw
predation attempts on arthropods. Opportu-
nistic ambush foraging seems to be the ances-
tral state for iguanians (Perry, 1999), with C.
reticulatus and C. collaris being no exception
(this study; Best and Pfaffenberger, 1987; Hu-
sak and McCoy, 2000). The foraging strategy of
Gambelia wislizenii (and potentially G. cope;
Lappin and Swinney, 1999) seems to be de-
rived within the crotaphytids.

Montanucci (1978) suggested that the cryp-
tic dorsal pattern of leopard lizards (Gambelia
wislizenii), similar to that of C. reticulatus, is an
adaptation for efficient predation. Basically, a
more cryptic predator is more likely to sneak
up on prey than a more conspicuous predator,
and this was supported by Montanucci (1978)
with the observation that G. wislizenii exhibited
a type of stalking behavior while pursuing prey.
Montanucci (1978) alluded to the idea that re-
ticulate collared lizards might also display this
behavior. Indeed, C. reticulatus was observed by
us to exhibit what might be considered stalking
behavior. Before moving from a perch, lizards
were in every case (with the exception of some
movements by males that were clearly to chase
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SURVEY OF BLOOD PARASITES IN ROSS’ AND WHITE-FRONTED GEESE
IN SOUTHERN TEXAS
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ABSTRACT—Blood parasites have been known to cause morbidity and mortality in waterfowl,
particularly in Canada geese (Branta canadensis). However, little is known about blood parasites
infecting Ross’ geese (Chen rossii) and greater white-fronted geese (Anser albifrons). This study
examined wintering Ross’ and white-fronted geese for blood parasites. Blood smears from 16 Ross’
geese (13 juveniles, 3 adults) and 46 white-fronted geese (21 juveniles, 25 adults) collected in
Kleberg County, Texas, during winter 1999-2000 were examined for blood parasites. Leucocytozoon
simondi was found in 2 juvenile white-fronted geese; density of infection was <1 parasite/2,000
erythrocytes. Additionally, 8 adult and 1 juvenile white-fronted geese had microfilaria. No blood
parasites were observed in Ross’ geese. We concluded that low prevalence and density of L. simondi
gametocytes circulating in host blood precluded or greatly reduced transmission of this parasite

on the wintering grounds in southern Texas.



SOUTHWESTERN NATURALIST
Tuesday Jun 10 2003 12:53 PM
Allen Press + DTPro System

swna 48_212 Mp_287
File # 15em

June 2003 Notes 287

RESUMEN—Se sabe que los parasitos de sangre causan morbosidad y mortalidad en aves acuaticas,
particularmente en gansos canadienses (Branta canadensis). Sin embargo, se sabe muy poco sobre
parasitos de sangre infectando gansos de Ross (Chen rossii) y gansos frente blanca (Anser albifrons).
Este estudio examiné gansos de Ross y gansos frente blanca durante el invierno para parasitos de
sangre. Muestras de sangre de 16 gansos de Ross (13 juveniles, 3 adultos) y 46 gansos frente blanca
(21 juveniles, 25 adultos) colectadas en el condado de Kleberg, Texas, durante el invierno de
1999-2000 fueron examinadas para parasitos de sangre. Se encontr6é Leucocytozoon simondi en 2
gansos frente blanca juveniles; la densidad de infeccion fue <1 parasito/2,000 eritrocitos. Adicio-
nalmente, 3 gansos frente blanca adultos y 1 juvenil tenian microfilarios. No se observaron para-
sitos de sangre en ningun ganso de Ross. Concluimos que la baja frecuencia y densidad de ga-
metocitos L. simondi circulando en la sangre de los ejemplares imposibilitan o grandemente re-

ducen la transmision de este parasito en los terrenos invernales del sur de Texas.

Numerous studies have been conducted to
determine factors affecting survival and re-
cruitment of waterfowl in North America. One
factor that might negatively affect waterfowl is
blood parasites. At least 9 blood protozoan and
2 microfilarid species have been reported from
Canada geese (Branta canadensis) and snow
geese (Chen caerulescens) in North America
(Bennett et al., 1982). Morbidity and mortality
in Canada geese have occurred on the breed-
ing grounds from Leucocytozoon simondi infec-
tions (Herman et al., 1975). Unfortunately, lit-
tle is known about which species of blood par-
asites infect other goose species or their impact
on host individuals and populations on the
breeding or wintering grounds. For example,
no published studies have examined Ross’
geese (Chen rossii) for blood parasites, and in
the only study of white-fronted geese (Anser al-
bifrons), 5 birds from California were examined
(Wood and Herman, 1943).

Vectors presumably are absent during winter
in temperate regions, thereby breaking the in-
fection-transmission cycle. However, Fedynich
and Rhodes (1995) found high prevalence of
Leucocytozoon smithi (100%) and Haemoproteus
meleagridis (54%) during winter in a popula-
tion of wild turkeys (Meleagris gallopavo) from
South Carolina, suggesting continued trans-
mission. Additionally, Atkinson et al. (1988)
used sentinel turkeys to demonstrate that in-
fections with H. meleagridis can occur year-
round in warm climate areas, such as southern
Florida. Geese wintering at the southernmost
extension of their range might similarly be ex-
posed to blood parasite infections if tempera-
tures permit vector activity. To learn more
about blood parasite infections during winter,
we surveyed Ross’ and white-fronted geese for

blood parasites in southern Texas during win-
ter 1999-2000.

Geese were collected by shooting during the
hunting season in Kleberg County, Texas, from
3 November 1999 through 20 January 2000.
Heart blood from each bird was used to make
thin smears on 2 microscope slides within 10
min of host death. Blood samples were collect-
ed between 0600 and 1100 h to increase the
probability of Leucocytozoon detection, as at
least 1 species of this genus is known to dem-
onstrate daily cyclic activity (Noblet and No-
blet, 1976). Smears were fixed in 100% meth-
anol for 1 min, air dried, and stained with Diff-
Quik. Each smear was scanned 15 min (30 min
for each bird) for blood parasites with a micro-
scope at 1,000X magnification. Leucocytozoids
were identified using the descriptions of Ben-
nett and Squires-Parsons (1992). To quantify
density of blood protozoa, 1 slide was selected
(based on stain quality and density of eryth-
rocytes appropriate for viewing) and 2,000
erythrocytes were counted and examined in 20
replicates of 100 erythrocytes each, following
the recommendations of Godfrey et al. (1987).
Although the protocols of Godfrey et al.
(1987) were developed for Haemoproteus, they
have been successfully applied to Leucocytozoon
(Fedynich and Rhodes, 1995; DeJong et al.,
2001). No satisfactory techniques have been
developed to estimate density of microfilaria
using blood smears; consequently, only preva-
lence data are reported for microfilaria.

Sixteen Ross’ geese (13 juveniles, 3 adults)
and 46 whitefronted geese (21 juveniles, 25
adults) were collected and examined for blood
parasites; L. simondi was found in 2 juvenile
white-fronted geese (Table 1). Density in each
of the 2 birds was <1 parasite/2,000 erythro-
cytes. Additionally, 3 adult and 1 juvenile white-
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TaBLE 1—Numbers of Ross’ and white-fronted
geese examined, numbers infected with blood par-
asites, and parasite prevalence (%) in heart blood
during winter 1999-2000 in southern Texas.

Leucocy-
Number tozoon ~ Micro-

Host species examined simondi filaria Total
Ross’” goose

Adult 3 0 0

Juvenile 13 0 0
White-fronted

goose

Adult 25 0 3 (12) 3(12)

Juvenile 21 2(10) 1() 3(14)
Total 62 2(3) 4 (6) 6 (10)

fronted geese were infected with an unknown
species of microfilarid. No blood parasites
were found in the 16 Ross’ geese (Table 1).
Transmission of blood protozoa is depen-
dent upon adequate numbers of susceptible
hosts, vectors, and infective parasite gameto-
cytes circulating in the blood. Although many
susceptible waterfowl hosts occur in Kleberg
County during winter, it is uncertain what po-
tential vectors occur in this region or if they
are active during winter due to the typically
mild temperatures. Mean monthly ambient
temperatures recorded in November 1999, De-
cember 1999, and January 2000 at the nearest
weather station (Kingsville, Texas) to our col-
lection sites were 19.3°C (mean monthly min-
imum/maximum range: 11.8 to 26.8°C),
14.9°C (7.8 to 21.9°C), and 17.4°C (10.3 to
24.4°C), respectively. These temperatures sug-
gest that limited vector activity was possible.
We could find only 1 insect survey that was
conducted during summer in nearby Victoria
County (Johnson, 1982). Of the dipteran fam-
ilies known to transmit Haemoproteus,
Plasmodium, and Leucotytozoon, numerous spe-
cies of Culicidae, 2 species of Ceratopogonidae,
and no Simuliidae were found (Johnson, 1982).
However, none of these dipteran species have
been implicated as vectors of waterfowl blood
protozoa. Additionally, infective gametocytes
were not readily observable as only 1 blood pro-
tozoan (L. simondi) was found, which occurred
at extremely low prevalence and density in
white-fronted geese, and no blood parasites

were found on smears from Ross’ geese. A rep-
resentative specimen of L. simondi was deposited
in the Queensland Museum-International Ref-
erence Center for Avian Hematozoa Collection,
South Brisbane, Queensland, Australia; Num-
ber G463709.

Our findings are similar to those of other
studies that examined blood parasites in ducks
during winter (Kocan et al., 1979; Fedynich et
al.,, 1993). Collectively, these studies support
the notion that low prevalence and density of
blood parasites during winter in temperate re-
gions likely represents an adaptive strategy by
parasites to limit production of gametocytes
when vector density is insufficient to maintain
the transmission phase of the host-parasite-vec-
tor cycle (Greiner, 1991).

Lack of blood parasites in Ross’ geese was
unexpected, as snow geese are infected with
several species of blood protozoa and a micro-
filaria (Bennett and Maclnnes, 1972). Both
Ross’ and snow geese often co-occur on the
breeding grounds (Kerbes et al., 1983), provid-
ing Ross’” geese with the opportunity to be ex-
posed to the same blood parasites as snow
geese. Furthermore, our sample of Ross’ geese
had a high proportion of juveniles, which are
thought to be more susceptible than adults
(Wehr and Herman, 1954). It is possible that
our sample size of Ross’ geese, coupled with
apparently low prevalence and density of blood
parasites during winter in southern Texas, re-
duced the probability of detection.

It was evident in our study that the lack of
gametocytes, or low densities of gametocytes
circulating in host blood, precluded or greatly
reduced the possibility of transmission on the
wintering grounds in southern Texas. Conse-
quently, health risks associated with protozoa
inhabiting erythrocytes and leucocytes during
the gametocyte phase of their life cycle were
minimal for these 2 goose species wintering in
southern Texas during 1999-2000.

Financial support was provided by the Caesar Kle-
berg Wildlife Research Institute. This is manuscript
number 01-110 of the Caesar Kleberg Wildlife Re-
search Institute. This study was approved by the Tex-
as A&M University-Kingsville Animal Care and Use
Committee, authorization number Y2K-6-3.

LITERATURE CITED

ATKINSON, C. T., D. J. FORRESTER, AND E. C. GREINER.
1988. Epizootiology of Haemoproteus meleagridis



SOUTHWESTERN NATURALIST
Tuesday Jun 10 2003 12:53 PM
Allen Press + DTPro System

swna 48_212 Mp_289
File # 16em

June 2003 Notes 289

(Protozoa: Haemosporina) in Florida: seasonal
transmission and vector abundance. Journal of
Medical Entomology 25:45-51.

BENNETT, G. F., AND C. D. MACINNES. 1972. Blood
parasites of geese of the McConnell River, North
West Territories. Canadian Journal of Zoology
50:1-4.

BENNETT, G. F., AND D. SQUIRES-PARSONS. 1992. The
leucocytozoids of the avian families Anatidae and
Emberizidae s.1., with descriptions of three new
Leucocytozoon species. Canadian Journal of Zool-
ogy 70:2007-2014.

BeNNETT, G. F., M. WHITEWAY, AND C. B. WoOOD-
WORTH-LyNAS. 1982. Host-parasite catalogue of
the avian haematozoa. Occasional Papers in Bi-
ology Number 5, Memorial University of New-
foundland, Canada.

DEJONG, R. J., R. L. REIMINK, AND H. D. BLANKESPOOR.
2001. Hematozoa of hatch-year common mergan-
sers from Michigan. Journal of Wildlife Diseases
37:403-407.

FepyNICH, A. M., D. B. PENCE, AND R. D. GODFREY, JR.
1993. Hemosporids (Apicomplexa, Hematozoea,
Hemosporida) of anatids from the Southern
High Plains of Texas. Journal of the Helmintho-
logical Society of Washington 60:35-38.

FeEDpYNICH, A. M., AND O. E. RHODES, Jr. 1995. He-
mosporid (Apicomplexa, Hematozoea, Hemos-
porida) community structure and pattern in win-
tering wild turkeys. Journal of Wildlife Diseases
31:404-409.

GODFREY, R. D, Jr., A. M. FEDYNICH, AND D. B. PENCE.
1987. Quantification of hematozoa in blood
smears. Journal of Wildlife Diseases 23:558-565.

GREINER, E. C. 1991. Leucocytozoonosis in waterfowl
and wild galliform birds. Bulletin of the Society
for Vector Ecology 16:84-93.

HerMAN, C. M., J. H. BARROW, JR., AND 1. B. TARSHIS.
1975. Leucocytozoonosis in Canada geese at the
Seney National Wildlife Refuge. Journal of Wild-
life Diseases 11:404—411.

Jonnson, J. W. 1982. A faunal study of the insects of
the Rob and Bessie Welder Wildlife Refuge, in-
cluding ecological notes. Unpublished M.S. the-
sis, Texas A&I University, Kingsville.

KocaN, A. A., M. G. SHAw, AND P. M. MORGAN. 1979.
Some parasitic and infectious diseases in water-
fowl in Oklahoma. Journal of Wildlife Diseases
15:137-141.

KeRrBES, R. H., M. R. MCLANDRESS, G. E. J. SmitH, G.
‘W. BEYERSBERGEN, AND B. GODWIN. 1983. Ross’
goose and lesser snow goose colonies in the cen-
tral Canadian Arctic. Canadian Journal of Zool-
ogy 61:168-173.

NOBLET, G., AND R. NOBLET. 1976. Periodicity of Leu-
coctyozoon smithi gametocytes in the peripheral
blood of domestic turkeys. Poultry Science 55:
1088-1093.

WEHR, E. E., AND C. M. HERMAN. 1954. Age as a factor
in acquisition of parasites by Canada geese. Jour-
nal of Wildlife Management 18:239-247.

Woop, S. F., aNnpD C. M. HERMAN. 1943. The occur-
rence of blood parasites in birds from southwest-
ern United States. Journal of Parasitology 29:
187-196.

Submitted 6 March 2001.  Accepted 12 July 2002.
Associate Editor was William H. Baltosser.

SUBTLE RECENT DISTRIBUTIONAL SHIFTS IN GREAT PLAINS
BIRD SPECIES
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ABSTRACT—Changes in geographic distributions of 5 bird species endemic to the Great Plains
of North America were examined over the last few decades based on the United States Breeding
Bird Survey. Examining the mean latitude of individuals of each species, 3 species showed signif-
icant or nearsignificant northward shifts, and 1 a significant shift southward. Over all 5 species
examined, colonization events were concentrated in the northern part of the distributions of the
species; in 3 species, extinctions were concentrated in the southern part of the distributions of
the species. The conclusion is that significant distributional changes have taken place, but they
have been subtle, and might be associated with global climate change.

RESUMEN—Se examinaron los cambios en la distribucion geografica de 5 especies de aves en las
Grandes Planicies de Norteamérica a través de las tltimas décadas con base a datos del United
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States Breeding Bird Survey. Examinando la latitud promedio de individuos de cada especie, 3
especies mostraron traslaciones significativas o casi-significativas hacia el norte, y 1 significativa
hacia el sur. Para las 5 especies, colonizaciones se enfocaron en la parte nortena de las distribu-
ciones de las especies, y en 3 especies las extinciones se enfocaron en la parte surena de sus
distribuciones. La conclusion es que han habido cambios distribucionales significativos, pero su-

tiles, posiblemente asociados al cambio de clima global.

Global climates are in the process of rapid
change, apparently owing to the effects of hu-
man activities on the Earth’s atmosphere
(Houghton et al., 1995). Although subtle when
observed over short time-spans (Hulme et al.,
1999), changes are real. Indeed, significant ef-
fects on elements of biodiversity have already
been documented, including distributional
and phenological shifts in species and ecosys-
tems (Parmesan, 1996; Allen and Breshears,
1998; Visser et al., 1998), among other exam-
ples. However, the magnitude and common-
ness of such effects are only now being appre-
ciated. This note documents subtle northward
colonization and southern extinction in bird
species in North America.

The United States Breeding Bird Survey
(BBS) data represent an extremely valuable
source of information on bird distributions, es-
pecially in that they comprise long time series
of repeated, standardized surveys. I chose for
analysis bird species endemic or at least con-
centrated in the portion of the Great Plains
well covered by the BBS (the United States and
southernmost portion of Canada). I further re-
duced the study area to coincide with areas
known to have experienced a fairly uniform in-
crease in annual mean temperatures over the
past 3 decades (Karl et al., 1996). To focus on
whole-distribution effects, I eliminated Great
Plains species with significant populations far-
ther east (e.g., upland sandpiper, Bartramia lon-
gicauda), west (e.g., Brewer’s sparrow, Spizella
breweri), north (e.g., longspurs, Calcarius), or
south (e.g., greater roadrunner, Geococcyx cali-
Jfornianus). Hence, 6 species remained for anal-
ysis: ferruginous hawk (Buteo regalis), lesser
prairie-chicken (Tympanuchus pallidinuchus),
mountain plover (Charadrius montanus), scis-
sor-tailed flycatcher (Tyrannus forficatus), lark
bunting (Calamospiza melanocorys), and Cassin’s
sparrow (Aimophila cassinii). Although ferrugi-
nous hawk does have populations farther west,
the clear concentration of its abundance is in
the central and northern Great Plains, hence
its inclusion. One species (lesser prairie-chick-

en) had to be eliminated because too few BBS
routes had recorded it, leaving just 5 species
for analysis.

BBS routes with continuous coverage over
the past 25 years were chosen for analysis. This
quality-control measure left 1,331 routes in the
Great Plains region for analysis. Data from
these routes were divided into 5 categories of
5-years for analysis: 1971-1975, 1976-1980,
1981-1985, 1986-1990, and 1991-1995. Spe-
cies were tallied as present or absent, and av-
erage numbers recorded were calculated for
each 5-year sample for each route.

One analytical approach was that of regress-
ing average latitudes of occupied sites, or av-
erage latitudes of individuals of a particular
species (i.e., weighting sites occupied by num-
bers present), on time period (Table 1).
Whereas the conservative sites-occupied analy-
sis produced no significant regressions (all P>
0.225), 3 species showed significant or near-sig-
nificant movement of average positions of in-
dividuals: Cassin’s sparrows moved northward
at approximately 0.6° latitude per decade (re-
gression slope m = 0.328, R* = 0.865, P =
0.022), mountain plovers apparently moved
northward at 0.4° per decade (m = 0.212, R?
= 0.695, P = 0.079, near-significant), and scis-
sor-tailed flycatchers moved southward at 0.4°
per decade (m = —0.231, R? = 0.921, P =
0.010). Regression slopes were positive (north-
ward movement) in 4 of the 5 species analyzed.
However, these analyses were confounded by
nonindependence of samples in different time
periods, making interpretation of statistical sig-
nificance complex.

Because samples were not independent with
respect to time periods, I reanalyzed the data
focusing on actual colonizations and extinc-
tions of populations. I defined colonizations as
routes on which a species was absent in the first
5-year period, but present in the last, and ex-
tinctions as those routes on which a species was
present in the first 5-year period, but absent in
the last. I then tallied colonizations and extinc-
tions north and south of the median latitude
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TABLE 1—Summary of colonizations (newly occupied sites) and extinctions (sites no longer occupied)
north and south of median latitudes for 5 bird species in the Great Plains, and regression analyses assessing

trends in average latitudes of occupied sites and total individuals for each species.

Colonization Extinction
Species North  South North  South Occupied sites Numbers
Buteo regalis 27 22 9 9 m = 0.109 m = 0.059
R? =0.165 R? = 0.041
P =0.497 P =0.743
Charadrius montanus 3 2 1 2 m = 0.462 m = 0.212
R? =0.434 R? = 0.695
P =0.226 P =0.079
Tyrannus forficatus 12 3 8 6 m = 0.025 m = —0.231
R? =0.270 R? =0.921
P =0.369 P =0.010
Calamospiza melanocorys 8 7 14 18 m = 0.116 m = 0.050
R? =0.190 R? =0.012
P =0.464 P =0.859
Aimophila cassinii 13 6 5 8 m = —0.011 m = 0.328
R? =0.009 R? = 0.865
P =0.879 P =0.022

for the species in question (Table 1). In all 5
species, colonizations were focused in the
northern half of the distribution of the species
(b of 5 species; binomial test, P = 0.031),
whereas extinctions tended to be in the south-
ern half of distribution of the species (3 of 5
species; binomial test, P = 0.125). Hence, spe-
cies are moving northward via colonization,
and populations at the southern extreme are
either persisting or are going extinct more
slowly than colonization occurs.

To provide additional detail on population
processes, I examined temporal trends in dif-
ferent sectors of the geographic distributions
of each species. Separating BBS routes into
those north and south of the median latitude
of sites occupied for a particular species, I cal-
culated linear regressions between population
trends and time, and summarized differences
between northern and southern sectors of the
distribution of the species across 25 yr (Table
1). Several species showed concentrations of
declining populations in the southern part of
their geographic distributions (e.g., Cassin’s
sparrow, mountain plover), and others showed
increasing populations in northern sectors
(e.g., ferruginous hawk, lark bunting, moun-
tain plover). These patterns of population de-
cline and increase, although preliminary in na-
ture, are consistent with the effects of a warm-

ing climate, in which southern areas become
uninhabitable and northern areas become in-
creasingly suitable.

Climatic warming in the Great Plains has
been subtle, but measurable (Karl et al., 1996);
bird distributions have also been moving
northward. Conclusions as to causal links, such
as that climate change caused the northward
distributional shifts, are difficult, perhaps re-
quiring physiological measurements or studies
of habitat distributions and resource availabil-
ity not within the scope of the present study.
All the same, few other plausible explanations
are available; human influence on landscapes
is distributed fairly evenly across the Great
Plains landscape, and, hence, is not likely to
have caused the shifts observed.

Especially notable regarding the shifts doc-
umented herein is their magnitude. The dis-
tribution of Cassin’s sparrows is moving north-
ward at more than half a degree of latitude per
decade, which, if true, would translate into
more than 5 km per year of northward shift.
This rate of movement is similar to those doc-
umented in other habitat types in apparent re-
sponse to climate change (Allen and Bres-
hears, 1998). These shifts suggest that coming
decades of continued climatic change will shift
avian distributions in North America signifi-
cantly northward. Ecological and evolutionary



SOUTHWESTERN NATURALIST
Tuesday Jun 10 2003 12:53 PM
Allen Press + DTPro System

swna 48_212 Mp_292
File # 17em

292 The Southwestern Naturalist vol. 48, no. 2

ramifications of these changes (e.g., Holt,
1990) are numerous, serious, and poorly un-
derstood, thus emphasizing the importance of
careful monitoring of avian populations and
distributions to document such distributional
changes in detail.

Many thanks to C. Parmesan for suggesting that
these analyses would be fruitful. Thanks also to B.
Peterjohn of the United States Fish and Wildlife Ser-
vice for generously providing access to the Breeding
Bird Survey data. Financial support for this work was
provided by the National Science Foundation and
the National Center for Ecological Analysis and Syn-
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ABSTRACT—Breeding bird populations were studied in forests recently damaged by tornados and
in adjacent undamaged forests in the Ozark National Forest, Arkansas. During 1999 and 2000,
surveys were undertaken at 6 points in forest moderately damaged by a tornado in 1996 and at 6
points in nearby undamaged forest. An additional 18 counts, 6 each in undamaged, moderately
damaged, and heavily damaged forest, were undertaken in 2000 in an area affected by a 1999
tornado. Typical forest species, such as red-eyed vireo and ovenbird, were significantly less abun-
dant in tornado-damaged forest than in undamaged forests, while edge species, such as indigo
bunting and white-eyed vireo, were more abundant in damaged forest than in undamaged forest.
Surprisingly, abundances of some species, such as black-and-white warbler, did not differ signifi-
cantly between damaged and undamaged forests. Species composition differed between heavily
damaged forest and moderately damaged or undamaged forest, with a number of species occur-
ring only in the heavily damaged forest type. The congeneric summer tanager and scarlet tanager
seemed to show habitat segregation in the study sites, with summer tanagers occurring in tornado-
damaged forest and scarlet tanagers occurring in undamaged forest.

RESUMEN—Muestreamos poblaciones de aves reproductivas en bosques recientemente afectados
por tornados y en bosques adyacentes intactos en el Ozark Nacional Forest, Arkansas. Durante
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1999 y 2000, realizamos conteos en 6 lugares moderadamente afectados por un tornado en 1996
y en 6 lugares cercanos en bosque intacto. Ademas, en el 2000 realizamos 18 conteos adicionales,
6 en cada uno de bosque intacto, moderadamente afectado, y fuertemente afectado, en un area
danada por un tornado en 1999. Especies tipicas de bosque, como Vireo olivaceusy Seiurus auro-
capillus, fueron significativamente menos abundantes en areas afectadas que en las no afectadas,
mientras que especies de ecotonos, como Passerina cyanea'y V. griseus, fueron mas abundantes en
areas afectadas que en las no afectadas. Sorprendentemente, la abundancia de algunas especies,
como Mniolilta varia, no difiri6 significativamente entre bosques danados y no danados. La com-
posicion de especies difiri6 entre bosques muy danados y bosques moderadamente o no danados,
con varias especies encontradas solamente en los bosques fuertemente danados. Dos especies
congéneres, Piranga olivacea'y P. rubra parecieron mostrar segregacion de habitat en los sitios de

estudio, con P. rubra en bosques danados y P. olivacea en bosques no danados.

Tornados are a common disturbance in for-
ests of the southeastern United States. In Ar-
kansas, several hundred hectares of forest are
damaged by tornados annually in the Ozark
National Forest (United States Forest Service,
unpublished data), and it has been suggested
that tornados have been the most important
historical cause of forest disturbance (Turner,
1935). Little work has focused on effects of tor-
nados on bird populations, and there are al-
most no data available on bird communities in
tornado-damaged forests. The few papers that
have been published on the short-term effects
of catastrophic wind damage on forest struc-
ture (Held and Winstead, 1976; Glitzenstein
and Harcombe, 1988; Foster, 1989) indicate
that tornados reduce density and total basal
area of canopy trees but increase tree diversity,
understory cover, and seedling recruitment.
Longer-term studies show continued reduction
in tree density and basal area for several years
after the disturbance, probably due to delayed
mortality of damaged trees (Held and Bryant,
1989); at least 20 years are generally required
to recover pre-disturbance forest structure
(Everham and Brokaw, 1996; Held et al.,
1998). Based on these data, tornados might be
expected to have significant indirect impacts
on the avian community in response to distur-
bance-induced changes in forest structure. Al-
tering forest structure due to changing forest
management practices and regrowth of aban-
doned fields is likely responsible for the de-
cline of populations of some songbirds that
breed in secondary forest and successional
habitats (Robbins et al., 1989; Thompson et al.,
1992; Peterjohn et al., 1995). Therefore, nat-
ural disturbances that create secondary forest
and edge habitat might be important in the
persistence of many of these species.

On 21 April 1996, a tornado damaged ap-
proximately 2,000 ha of forest south and east
of White Rock Mountain, Franklin County, Ar-
kansas. Two 6-ha (300 m x 200 m) plots were
created in forest dominated by various oaks
(Quercus), hickories (Carya), and sweetgum (Li-
quidamber styraciflua) in 1998 along Salt Fork
Creek just southeast of White Rock Mountain.
One plot was created in moderately damaged
forest (10 to 25% of trees down) and one in
nearby undamaged forest on the slopes above
the creek. In each plot, 6 points were estab-
lished on each plot. Points were evenly spaced
at 100-m intervals and 50 m from the edge of
the plots. On 4 May 1999, a tornado damaged
>700 ha of forest in Whitzen Hollow, a small
drainage near the Arkansas-Oklahoma border
in Crawford County, Arkansas. Eighteen points
were established in late May 2000 along old
roads through forest dominated by oaks, hick-
ories, and sycamores (Plantanus occidentalis).
Six points each were placed in undamaged,
moderately damaged (10 to 25% of trees
down), and heavily damaged (25 to 75% of
trees down) forest.

To determine avian community structure in
relation to forest damage, birds were surveyed
at each point location using 50-m fixed-radius
point counts (Hutto et al., 1986). Surveys were
conducted for 10-minute periods between
0600 and 0900, and each point was surveyed
twice each year. White Rock points were sur-
veyed in late May and early June of both 1999
and 2000; Whitzen Hollow points were sur-
veyed only in late May and early June 2000. To
compare vegetation structure in relation to dif-
ferent levels of forest damage, percent canopy
cover was measured by averaging 5 spherical
densiometer readings taken at each point lo-
cation (Lemmon, 1957) and at locations 30 m
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TABLE 1—Relative abundance (mean * SD of territorial males/point) of bird species at different levels

of forest damage at White Rock, Arkansas.

Moderate ANOVA

Species Year No damage damage I Pvalue

Acadian flycatcher 1999 0.33 + 0.41 0.33 + 0.41 0.44 0.523
2000 0.17 = 0.41 0.42 = 0.49

Red-eyed vireo 1999 1.91 £ 0.55 1.33 = 0.41 0.09 0.771
2000 1.50 = 0.55 1.58 = 0.37

Black-and-white warbler 1999 0.33 = 0.26 0.42 = 0.20 0.05 0.962
2000 0.42 + 0.38 0.33 *= 0.26

Ovenbird 1999 0.25 + 0.27 0.08 = 0.20 3.31 0.096
2000 0.33 = 0.41 0.08 = 0.20

Worme-eating warbler 1999 0.17 = 0.26 0.33 + 0.41 0.65 0.478
2000 0.17 = 0.26 0.17 = 0.26

Hooded warbler 1999 0.50 += 0.45 0.42 += 0.38 0.44 0.523
2000 0.33 = 0.41 0.67 + 0.41

Indigo bunting 1999 0.08 = 0.20 0.41 *= 0.38 9.00 0.012
2000 0.17 = 0.26 0.58 * 0.38

Tanager species? 1999 0.50 * 0.42 0.17 = 0.26 3.39 0.087
2000 0.33 + 0.41 0.17 = 0.20

2 Scarlet tanager in undamaged forest; summer tanager in moderately damaged forest.

from each point in each of the cardinal direc-
tions.

We estimated relative abundance of all bird
species on the study areas in territorial males
per point by dividing the total number of sing-
ing males detected by the number of points
surveyed. The average of the 2 surveys within
a year was used as the measure of relative
abundance for each point. Analysis of variance
using year as a blocking factor, and points with-
in each habitat (undamaged or moderately
damaged) as subsamples, was used to deter-
mine if there were differences in the relative
abundance of a given species between levels of
forest damage at White Rock. Analysis of vari-
ance using points within each habitat (undam-
aged, moderately damaged, or heavily dam-
aged) as subsamples was used to determine if
there were differences in the relative abun-
dance of a given species among levels of forest
damage at Whitzen Hollow. Statistical analyses
were only conducted on species that reached
a relative abundance of 0.33 males/point in at
least 1 habitat type due to problems with sta-
tistical power of the analyses for less common
species. Analytical procedures were performed
using JMP statistical software (SAS Institute,
1995), with significance placed at P = 0.05 for
all tests.

Seven species of birds occurred at a relative

abundance sufficient for analysis at 1 of the
plots at White Rock (Table 1), and 10 species
of birds occurred at a relative abundance suf-
ficient for analysis in at least 1 level of forest
damage at Whitzen Hollow (Table 2). Six spe-
cies, the Acadian flycatcher (Empidonax vires-
cens), red-eyed vireo (Vireo olivaceous), ovenbird
(Sieurus aurocapillus), worm-eating warbler
(Helmitheros vermivorous), black-and-white war-
bler (Mniotilta varia), and indigo bunting (Pas-
serina cyanea) occurred at a relative abundance
sufficient for analysis at both sites. One con-
generic species-pair, the scarlet tanager (Piran-
ga olivacea) and summer tanager (P. rubra), also
occurred at both sites in numbers sufficient for
analysis (Tables 1 and 2).

Mean canopy cover was 91 * 3% (range 87
to 95%) on undamaged transects, 73 = 8% (64
to 82%) on moderately damaged transects,
and 31 = 6% (25 to 41%) on heavily damaged
transects at Whitzen Hollow. Mean canopy cov-
er was 94 = 3% (90 to 97%) on the undam-
aged plot and 63 = 15% (37 to 76%) on the
moderately damaged plot at White Rock.

Based on vegetation changes typically asso-
ciated with tornado damage (Held and Wins-
tead, 1976; Glitzenstein and Harcombe, 1988),
one would expect to find reduced numbers of
undisturbed forest bird species and increased
numbers of forest-edge species in tornado-
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TABLE 2—Relative abundance (mean * SD of territorial males/point) of bird species at different levels
of forest damage at Whitzen Hollow, Arkansas.

Moderate Heavy ANOVA

Species No damage damage damage Fys P~value
Acadian flycatcher 1.00 = 0.32 0.33 £ 0.52 0.00 7.27 0.022
Carolina wren 0.00 0.25 = 0.27 0.83 + 0.41 8.45 0.016
Blue-gray gnatcatcher 0.50 = 0.35 0.42 = 0.49 0.25 * 0.27 0.92 0.496
Red-eyed vireo 2.17 = 0.26 1.75 + 0.42 0.92 * 0.38 19.02 <0.001
White-eyed vireo 0.00 0.33 + 0.41 0.67 £ 0.41 6.43 0.030
Northern parula 0.75 * 0.52 0.92 + 0.49 0.43 = 0.41 2.38 0.127
Black-and-white warbler 0.42 = 0.49 0.58 = 0.38 0.67 = 0.40 0.53 0.599
Ovenbird 0.92 + 0.20 0.42 + 0.38 0.00 8.18 0.017
Worm-eating warbler 0.25 * 0.42 0.33 + 0.41 0.25 * 0.42 1.59 0.237
Indigo bunting 0.42 * 0.38 0.58 * 0.49 1.92 = 0.49 19.47 <0.001
Tanager species? 0.42 = 0.20 0.25 = 0.27 0.42 = 0.38 0.65 0.539

# Scarlet tanager in undamaged forest; summer tanager in moderately and heavily damaged forests.

damaged areas. This was the case in this study,
with most species responding to changes ac-
cording to predictions based on habitat pref-
erences (James, 1971; Shugart and James,
1973; Anderson and Shugart, 1974). Neverthe-
less, several species showed little change in
density in the tornado-damaged areas. A pos-
sible explanation is that these tornados did not
level all the vegetation in the study areas, often
leaving many subcanopy trees and some taller
canopy trees standing. The more open canopy
allowed some species that use light gaps or for-
est edges, such as the indigo bunting, to in-
crease in numbers, while only slightly reducing
numbers of primary forest species like Acadian
flycatchers.

Selective logging is probably the human
treatment that most closely mimics tornado
damage to forests in the eastern United States,
but there are few studies of selective logging
effects on bird populations in southeastern for-
ests (Thompson et al., 1992, 1995; Dickson et
al., 1995; Smith, 1998). Existing studies suggest
that uneven-aged management benefits spe-
cies, such as indigo buntings and hooded war-
blers (Wilsonia citrina), that are able to use
small gaps in the forest, and reduces numbers
of species, such as the ovenbird, that need
nearly continuous forest (Thompson et al.,
1992, 1995; Dickson et al., 1995). The multi-
layered forest present in areas of moderate tor-
nado damage appears to mimic that created by
some types of uneven-age management. How-
ever, forest structure due to tornado damage
differs from most logging practices, which tend

to create stands that are more homogenous in
both age and structure (Smith, 1986; Thomp-
son et al., 1995). These differences seem to
lead to different avian community structure in
forest damaged by tornados and logged areas.
For example, Acadian flycatchers and red-eyed
vireos are typically associated with areas of
dense canopy cover and sparse understory cov-
er in the Ozarks (Smith, 1977) and occur in
significantly reduced numbers in selectively
logged forest plots (Rodewald and Smith,
1998). In areas of moderate tornado damage,
these species were present in only slightly re-
duced numbers (Tables 1 and 2). Likewise,
hooded warblers, which prefer thick understo-
ry vegetation, did not increase in the tornado-
damaged area at White Rock (Table 1) as they
did elsewhere in the selectively logged plots of
(Rodewald and Smith, 1998).

Heavy tornado damage produces quite dif-
ferent forest structure and avian community
structure than does moderate tornado dam-
age. In the heavily damaged areas at Whitzen
Hollow, few canopy trees remained standing
and many subcanopy trees were blown down.
This effect was similar to that produced by a
clearcut or seed-tree cut (Smith, 1986). The
understory in this area had already responded
to the open canopy, and a thick layer of shrubs
covered most of the area at the time of the
point counts. There was consequently a signif-
icant reduction or complete absence of birds
associated with heavy canopy cover or light un-
derstory cover, and most of the species com-
mon in undamaged forest were in greatly re-
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duced numbers in the heavily damaged forest
(Table 2). By contrast, forest edge and shrub
species, such as Carolina wren (7Thryothorus lu-
dovicianus) , white-eyed vireo (Vireo griseus), and
indigo bunting, occurred in significantly in-
creased numbers in heavily damaged forest
(Table 2), and a suite of species found rarely
or not at all in forest habitats also was present.
This group included blue-winged warbler (Ver-
mivora pinus), prairie warbler (Dendroica pete-
chia), yellow-breasted chat (Icteria wvirens),
brown-headed cowbird (Molothrus ater), and
eastern towhee (Pipilo erythrophthalmus). How-
ever, none of these species reached a relative
abundance of 0.33 males/point.

The presence of summer tanagers rather
than scarlet tanagers in the tornado-damaged
areas is somewhat surprising because scarlet
tanagers have been found to occur in only
slightly reduced numbers in small, selectively
logged plots in the Ozarks (Rodewald and
Smith, 1998). Other studies in the Ozarks have
shown that where scarlet and summer tanagers
co-occur, summer tanagers occupy the drier
and more open forest types (Shugart and
James, 1973), and habitat ordinations suggest
that scarlet tanagers respond positively to dens-
er canopy cover and larger trees while summer
tanagers respond positively to higher numbers
of small trees (James, 1971; Anderson and
Shugart, 1974). Tornado damage might have
reduced canopy cover to the point where scar-
let tanagers were eliminated completely, but
left enough small trees to provide favorable
habitat for summer tanagers. Overall tanager
abundance did not differ significantly between
forest damage types in either location (Tables
1 and 2), though summer tanager numbers on
the moderately damaged plot at White Rock
were somewhat lower than scarlet tanager
numbers on the undamaged plot.

Avian populations are affected by a wide va-
riety of natural disturbances (Rotenberry et al.,
1995), many of which are still poorly studied.
The data from this study suggest that tornado
damage to forests might be important in de-
termining avian community structure in forests
of the southeastern United States. This natural
disturbance appears to alter forest structure
and avian community structure in ways that are
different from logging practices. More studies
are needed to determine if there are consis-
tent responses of breeding birds to tornado

damage in forests of the eastern United States
and other locations.

We thank R. Odegard of the United States Forest
Service, Ozark Office, for sponsoring this project.
Additional thanks go to C. Hardgrave of Oklahoma
State University for help setting up plots and mea-
suring vegetation at White Rock and to J. Briggler
of the University of Arkansas for comments on the
manuscript and help measuring vegetation at Whi-
tzen Hollow. Funding for this study was provided by
a cost-share agreement between the United States
Forest Service, Boston Mountain Ranger District,
Ozark National Forest and the University of Arkan-
sas.
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UNUSUAL OCCURRENCE OF WORM-EATING WARBLER (HELMITHEROS
VERMIVORUS) IN INTENSIVE AGRICULTURAL LANDSCAPE IN
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ABSTRACT—The worm-eating warbler (Helmitheros vermivorus) is a ground-dwelling neotropical
migrant that typically breeds within large sloping forest patches. On 7 July 2000 at 07:36 CDT, a
female H. vermivorus was captured at an agricultural ditch in Poinsett County, Arkansas. The war-
bler was aged as after hatching year (ASY) and had a fully developed brood patch with complete
feather loss. This occurrence was unusual because it was outside the reported breeding range for
this species and the warbler was in a small (3.52 ha) forest patch in a flat landscape. Observations
of worm-eating warblers in alluvial areas of Arkansas occur during the migratory period, but are
relatively rare. The timing of this summer observation, presence of a brood patch, and lack of fat
deposition in the furcular cavity indicated a recent breeding attempt; however, this does not
preclude a dispersing individual. In either case, closer monitoring in lowland habitats during
breeding and post-breeding periods might provide additional knowledge on the conservation
status and habitat needs of this species.

RESUMEN—EI gorjeador o cerrojillo (Helmitheros vermivorus) es un pajaro migrante neotropical que
vive principalmente en el suelo y se reproduce tipicamente en parches grandes de laderas boscosas.
El 7 de julio del ano 2000, a las 07:36 horas (CST) capturamos una hembra H. vermivorus en una
acequia de riego en el condado de Poinsett, Arkansas. Se determin6 que su edad era de un ano



SOUTHWESTERN NATURALIST
Tuesday Jun 10 2003 12:53 PM
Allen Press + DTPro System

swna 48_212 Mp_298
File # 18em

298 The Southwestern Naturalist vol. 48, no. 2

después de la primera reproduccion (ASY) y presenté un parche incubador completamente desa-
rrollado con la pérdida completa de plumaje. Este evento fue singular porque se lo encontré fuera
del area de apareamiento habitual de esta especie y el pdjaro se ubic6é en un parche pequeno (3.52
ha) de bosque plano. Se han observado a cerrojillos en areas fluviales de Arkansas durante el periodo
de migracion, pero en muy pocas ocasiones. La época de esta observaciéon veraniega, la presencia
de un parche incubador, y la falta de depositos grasos en la cavidad furcular indicaron un reciente
intento reproductivo; sin embargo, esto no excluye la posibilidad de que se trate de un caso aislado.
De todas maneras, observaciones mas minuciosas en habitats de tierras bajas durante el periodo
reproductivo y post-reproductivo pueden proveer conocimiento adicional sobre el estado de con-
servacion y las necesidades ambientales de esta especie.

The worm-eating warbler (Helmitheros vermi-
vorus) is a ground-nesting Neotropical migra-
tory passerine (Hanners and Patton, 1998).
Typical breeding habitat consists of large con-
tiguous tracts of forests with steeply to moder-
ately sloping terrain, but also mixed inland
and coastal lowland forest (Wenny et al., 1993,
Hanners and Patton, 1998). On 7 July 2000 at
07:36 CDT, we captured a female worm-eating
warbler in a 2.6-m by 12-m, 30-mm mesh mist-
net deployed at the Judd Hill Experimental
Cotton Plantation (35°37.268'N, 90°31.496"W)
in Poinsett County, Arkansas. This region of
northeastern Arkansas contains small isolated
woodlots within a landscape dominated by ag-
riculture. The 1,620-ha plantation is planted in
cotton (95%), with vegetated drainages inter-
secting fields. The worm-eating warbler was
captured in a mist-net erected perpendicular
to a drainage associated with a band of woody
vegetation 32 m wide (i.e., cotton field edge to
cotton field edge). The warbler was banded
with a United States Fish and Wildlife Service
aluminum leg band and aged as after second
year (ASY) based on wear, shape, and color of
tertials, primary coverts, and rectrices (Pyle,
1997). The bird had a fully developed brood
patch with complete feather loss and moderate
vascularization.

The occurrence of this species in an agri-
cultural habitat of northeastern Arkansas is un-
usual for 2 reasons. First, the occurrence was
outside the reported breeding range for this
species (Hanners and Patton, 1998). Breeding
populations are located to the west in the
Ozark Highlands and Ouachita Mountains of
Arkansas (James and Neal, 1986), to the north
in the Glaciated Plains Region of Missouri
(Robbins and Easterla, 1992), and to the south
in northern Mississippi (Hanners and Patton,
1998); they are absent from the alluvial bot-
tomlands of northeastern Arkansas. Second, if

breeding, the warbler was observed in atypical
habitat. Worm-eating warblers are an area-sen-
sitive species, requiring large tracts of forest for
breeding and ultimately for sustaining popu-
lations (Robbins et al., 1989). In addition, they
typically nest on steep forested slopes and ra-
vines (James and Neal, 1986; Hanners and Pat-
ton, 1998). This individual was captured in a
small (3.52 ha) forested habitat (32 m width,
1.1 km length) within a landscape that was flat.
James and Neal (1986) reported 1 summer ob-
servation for this species in Poinsett County,
Arkansas, but that occurred on Crowley’s
Ridge, where habitat features include forested
hills.

Observations of worm-eating warblers in the
alluvial areas of Arkansas do occur during the
migratory period, but are relatively rare. For
example, in eastern Arkansas from 1995
through 1997, J. Bednarz (pers. comm.) re-
corded 10 mist-net captures of this species dur-
ing a fall migration sampling period of 27 Au-
gust to 15 September in a large forest patch
(>2,000 ha). However, the timing of our sum-
mer observation and the presence of a brood
patch suggest a current or recent breeding at-
tempt. The peak incubation activity for this
species occurs during most of June, while peak
activity of nests in the nestling stage can extend
into early July (Hanners and Patton, 1998).
This individual was lacking fat deposition in
the furcular cavity, possibly indicating that it
was not in migratory condition. However, this
does not preclude the possibility of a dispers-
ing individual after a recent breeding failure
(L. A. Hanners, pers. comm.), because early
July is nearing the end of the breeding period
and fall migrants have been reported as early
as the beginning of July (Dunn and Garrett,
1997).

There is little information reported on the
habitat use and behavioral patterns of the spe-
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TaBLE 1—Habitat values from 5.0-m and 11.3-m
radius point-centered vegetation plots at location of
worm-eating warbler (Helmitheros vermivorus) capture
(n = 1) in an agricultural drainage, 7 July 2000,
Poinsett County, Arkansas. Habitat values from
worm-eating warbler territories (» = 11) in Missouri
(Wenny et al., 1993) also shown.

Habitat
variable July 2000 Wenny et al.
Total canopy
coverage® 92.2% 95.8%
Mean litter
depth (mm)? 16.9 mm 19.7 mm
Woody stems
<2.5 cm
diameter?® 1.1/m? 0.4/m?
Shrub density” 33.6/100 m? —
Tree density” 3.0/100 m? —

Mean basal area
of live trees 7.9 m2/100 m? 10.7 m2/100 m?

2 Methods following Martin et al. (1997).
b Point-centered quarter method following Muell-
er-Dombois and Ellenberg (1974).

cies during the post-breeding dispersal period.
Recent work by Pagen et al. (2000) reported
breeding worm-eating warblers preferred early
successional forest habitats, and post-breeding
worm-eating warblers were found in mature
and early successional forests. Interestingly, 3
of 4 habitat values at the capture location were
similar to those reported for worm-eating war-
bler breeding territories in Missouri (Table 1)
and canopy cover was similar to that reported
(79-90%) for habitats that had the greatest
abundance of post-breeding individuals (Pa-
gen et al., 2000).

It is unclear whether this report indicates an
aberrant breeding attempt by a worm-eating
warbler in an atypical habitat or occurrence of
a dispersing individual. If the breeding inter-
pretation is correct, this observation might sug-
gest that suitable breeding habitat in the re-
ported breeding range might be limiting. If
the dispersal scenario is correct, then the hab-
itats of the lowland delta might be more im-
portant for this species than previously be-
lieved. In either case, closer monitoring for
worm-eating warblers in lowland habitats dur-
ing the breeding and post-breeding periods
might provide additional knowledge on the
status and habitat needs of this species.

We thank J. C. Bednarz, L. A. Hanners, D. J. Horn,
R. S. Maul, and 2 anonymous reviewers for com-
ments that greatly improved the manuscript; M. Gib-
son and J. Moon for access to study sites; D. L. Feld-
man and H. Rauschenberger for field assistance; and
E. Lombeida for the Spanish translation. We also
thank J. C. Bednarz for offering information on the
occurrence of migrating H. vermivorus in eastern Ar-
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INTRASPECIFIC HELPING BEHAVIOR EXHIBITED BY HATCH-YEAR
HOUSE WREN
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ABSTRACT—On 1 August 2000, a house wren (7roglodytes aedon) was observed exhibiting intra-
specific helping behavior. An unbanded individual was observed carrying a spider into and sepa-
rately carrying a fecal sac from a nest box occupied by 2 color-banded adults. The feeding indi-
vidual appeared to be a hatch-year bird using the aging criteria of tail-length, breast coloration,
and rictus characteristics. There were no additional observations of feeding by any unbanded
individuals during the 1-h sample or in 3 hourly samples over the next 3 days. It is not known if
there was any genetic relationship between the house wrens occupying the nest box and the
unbanded juvenile helper.

REsuMEN—EI primero de agosto del ano 2000 se observo un saltapared cucarachero (7Troglodyles
aedon) mostrando un comportamiento de ayuda intraespecifica. Se observo a un individuo sin
banda llevando una arana al nido y en otra ocasiéon sacando un saco fecal del nido ocupado por
dos adultos marcados con bandas de color. El individuo que llevo el alimento parecia ser un
pajaro juvenil del ano de su eclosion, segun los criterios de longitud de cola, coloracion del pecho,
y las caracteristicas del ensanche del rictus del pico. No hubo observaciones adicionales de eventos
de alimentacion por parte de individuos sin banda durante una muestra de 1 hora, ni en muestras
de 3 horas en los siguientes 3 dias. Se desconoce si hubo una relacion genética entre los salta-

paredes que ocupaban el nido y el juvenil sin banda que proporcioné la ayuda.

Male and female house wrens (Troglodytes ae-
don) are aggressively territorial during the
breeding season, exhibiting agonistic behav-
iors toward conspecifics as well as individuals
of other species (Johnson, 1998). As in most
birds, house wrens rarely exhibit interspecific
helping behavior, although several observa-
tions have been reported (Hills, 1924; Royall
and Pillmore, 1968). Only 2 documented cases
of intraspecific helping behavior have been re-
ported in house wrens, in both instances a ju-
venile, or juveniles, from an earlier brood were
observed feeding nestlings of a subsequent
brood in the same breeding season (Skutch,
1953; Stafford, 1983). Cooperative breeding
has been documented in various species of
Troglodytidae (Brown, 1987; Skutch, 1987), al-
though many remain poorly studied.

While conducting a study on breeding pro-
ductivity of house wrens in Ellis County, Kan-
sas, we documented a third instance of intra-
specific helping behavior. On 1 August 2000 at
0746 h, an unbanded house wren carrying a
spider was observed feeding at nest box num-
ber 88, occupied by 2 color-banded adults. It

remained in the cavity for approximately 30 s
and flew away. At 0800 h, an unbanded house
wren was observed carrying a fecal sac out of
this nest box, suggesting a second feeding by
the same bird. The unbanded individual ap-
peared to be of hatch-year age, because its tail
length was short relative to adult size and its
overall appearance was characteristic of that
age class. The breast was barred rather than
the uniform color characteristic of adults, and
the rictus was relatively large, fleshy, and yel-
low. There were no additional observations of
feeding by the unbanded individual during the
1-h sample or in 3 hourly samples over the
next 3 days. We observed this single instance
of intraspecific helping behavior in 80 hours
of nest observation at 20 of 115 active nests. It
is unknown if there was any genetic relation-
ship between the house wrens occupying the
nest box and the unbanded juvenile helper.

We thank E. Hansen, N. Lambrecht, M. Schmidt,
and D. Timson for assistance in the field, the Kansas
Ornithological Society, Fort Hays State University
Department of Biological Sciences, and Kansas State
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University Agricultural Research Center—Hays for fi-
nancial assistance, S. Fredin and C. Blanco-Montero
for translating the summary, J. -C. Belles-Isles and 2
anonymous reviewers for helpful comments on the
manuscript, and Alexander F. Skutch for his pio-
neering research on wren behavioral ecology.
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EASTERN RED BAT (LASIURUS BOREALIS) IMPALED BY A LOGGERHEAD
SHRIKE (LANIUS LUDOVICIANUS)

DAvVID L. SARKOZI AND DANIEL M. BROOKS*

Houston Ornithology Group, 111-B Welch, Houston, TX 77006 (DLS)
Houston Museum of Natural Science, Department of Vertebrate Zoology, 1 Hermann Circle Drive,
Houston, TX 77030-1799 (DMB)
*Correspondent: dbrooks@hmns.org

ABSTRACT—We describe the first record of a loggerhead shrike (Lanius ludovicianus) impaling a
bat. The eastern red bat specimen (Lasiurus borealis) was found at Anahuac National Wildlife
Refuge (Chambers County, Texas) and was collected the following day. We describe the habitat at
the site where the bat was impaled and discuss the rarity of this event. This is the first time we
have observed an impaled bat during approximately 200 h of casual observation. The prey typically
impaled are orthopterans (approximately one-half of all impaled prey), frogs and toads, crayfish,
birds, and, to a lesser extent, reptiles and rodents. Approximately 7% of the prey were completely
consumed, 35% partially consumed, and more than half were not consumed.

RESUMEN—Describimos el primer registro del verdugo Lanius ludovicianus clavando a un murcié-
lago. Un espécimen del murciélago rojo del este 6 murciélago rojizo cola peluda (Lasiurus borealis)
fue encontrado en Anahuac National Wildife Refuge (condado de Chambers, Texas) y colectado el
dia siguiente. Describimos el habitat del sitio donde fue clavado el murciélago y discutimos la rareza
de este evento. Esta es la primera vez que hemos observado a un murcié¢lago clavado en aproxi-
madamente 200 h de observaciones casuales. Las presas tipicamente clavadas son ortopteras (apro-
ximadamente la mitad de todas las presas clavadas), ranas y sapos, cangrejos, aves, y menos frecuente,
reptiles y roedores. Aproximadamente el 7% de los articulos alimenticios fueron completamente
consumidos, 35% parcialmente consumidos, y mas de la mitad no fueron consumidos.

An eastern red bat (Lasiurus borealis) was dis-
covered impaled at Anahuac National Wildlife
Refuge (ANWR), Chambers County, Texas, by
DLS on 8 October 2000. A loggerhead shrike
(Lanius ludovicianus) was flushed from the ter-
ritory within minutes after discovering the im-

paled bat. The barb on which the bat was im-
paled also had several feathers attached, sug-
gesting prior use by the shrike. These feathers
were gray coverts with yellow tips, perhaps the
feathers of a common yellowthroat (Geothlypis
trichas), commonly associated with habitat typ-



SOUTHWESTERN NATURALIST
Tuesday Jun 10 2003 12:53 PM
Allen Press + DTPro System

swna 48_212 Mp_302
File # 20em

302 The Southwestern Naturalist vol. 48, no. 2

TABLE 1—Shrike impalings recorded at Anahuac
National Wildlife Refuge, Texas, on 10 January 1998.
Species not determined.

Quan-

tity Organism Degree consumed

3 Insects (Orthoptera) not consumed

1 Crayfish tail consumed, cara-
pace remaining
7 Frogs 4 partially consumed
1 Small turtle (ca. 2 not consumed
cm)

1 Small bird consumed within 2 h
of impaling

1 Rodent not consumed

ical of the impaling site (more detailed de-
scription below). At the time of discovery, the
fence was checked for additional impalings for
about 5 m in both directions with none discov-
ered.

The 13-g bat was salvaged at dusk on 9 Oc-
tober 2000 by DMB and DLS (HMNS-VM 471).
Measurements (mm) are as follows: total
length = 96, right forearm = 41, right ear =
10. The lack of severe rigor mortis and non-
decomposed condition of the bat specimen led
us to believe it was impaled within 48 hr prior
to discovery. The bat was found during an early
cold front that began 6 October 2000. Tem-
peratures had been cool (maximum = 10°C)
with light rain. The low temperatures during
this time probably kept the specimen from se-
verely decomposing.

The bat was impaled on the top strand of
barbed wire approximately 1.5 m from the
ground (the bottom 2 wires of the fence were
missing) and approximately 5 m from a pri-
vate gravel road that is traveled less than
once a week. The impaling site was approxi-
mately 100 m from East Bay in the Galveston
Bay system. The immediate area of the im-
paling was comprised of approximately 75%
Spartina patens on the road side of the fence,
with 15% bare ground and 10% Salicornia vir-
ginica on the bay side of the fence. Macro-
habitat around the site was a large area of
brackish marsh-prairie dominated by Sparti-
na spartinae with some woody invasive plants
(e.g., Celtis laevigata and Sapium sebiferum).

Prior reports have documented Lasiurus
becoming snagged on barbed wire by the

uropatagium (e.g., Iwen, 1958; Hibbard,
1963). However, the individual reported
herein was impaled and twisted around the
wing membrane and had other punctures in-
dicative of multiple attempts at impalement.
These data suggest that the bat was impaled
by a loggerhead shrike and not an accident.
Additional evidence in support of this in-
cluded: 1) a shrike was flushed from the
fence line about 20 m from the impaling
when it was first discovered; 2) there have
been other accounts describing similarly
sized birds attacking red bats (e.g., Meritt,
1989); 3) the barb was wrapped with feath-
ers, suggesting the shrike had used this barb
before; 4) the fact that the bat was found in
a Spartina dominated prairie with few poten-
tial roosts, which is atypical Lasiurus habitat,
suggests the bat was carried there by the
shrike rather than accidentally impaling it-
self during foraging; and 5) individuals of L.
borealis often roost in the open, where they
occasionally might be found by a shrike for-
aging during the day. If a crevice-roosting
species of bat (e.g., Tadarida) were impaled,
this observation would be more question-
able. The shrike likely encountered the bat
roosting in the open on a shrub, whereupon
the bat was captured and carried to the im-
paling site.

A loggerhead shrike impaling a bat is ap-
parently a rare (if ever recorded) event in
nature, not cited in several references, in-
cluding Bent (1965) and Oberholser (1974).
Moreover, successful attacks of L. borealis by
medium-sized birds are rare (e.g., Meritt,
1989). This is the only bat we found impaled
during about 200 hours of casual field obser-
vation at ANWR and Attwater Prairie Chick-
en National Wildlife Refuge (APCNWR), pri-
marily by DLS. Casual observations of prey
impaled include: unidentified orthopterans
(about 20), frogs and toads (8 to 10), crayfish
(about 5), birds (4), and turtles, snakes, and
rodents impaled less frequently (1 each).
Bird species impaled (DLS, pers. observ.) in-
clude marsh wrens (Cistothorus palustris),
which are commonly impaled (M. White-
beck, pers. comm.), as well as individuals of
Kentucky warbler (Oporornis formosus) and
swamp sparrow (Melospiza georgiana).

Anecdotal notes on shrike utilization of
impalings at APCNWR were collected on 10
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January 1998 by DLS, walking about 0.8 km
of fence line on the west side of the tour
loop. A total of 14 impalings were found (Ta-
ble 1), with only 1 item completely con-
sumed (7%), 5 items partially consumed
(85%), and 8 items left uneaten (57%). All
organisms with the exception of a rodent
were desiccated from being on the wire for
an extended period of time. This suggests
the primary function of impaled prey is a ter-
ritorial marker (cf., Mizell, 1993) or mating
lure rather than food storage.

DLS thanks M. Whitebeck (ANWR) for assistance
in the field at the time the impaled bat was discov-
ered. We thank J. Vargas-Contreras for providing the
Spanish summary and are grateful to K. McDowell
(ANWR) and T. Rosignol (APCNWR) for their sup-
port.
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ABSTRACT—Historically, black bears (Ursus americanus) occurred throughout the southern Great
Plains, including Kansas, Oklahoma, and Texas. However, due to habitat loss and human perse-
cution, black bears were extirpated throughout this region by the early 1900s. We report on the
recent range expansion of this species in the southwestern Great Plains, based on observations
and records from state and federal agencies. Recent records of black bears, most of which exhib-
ited the cinnamon color phase, suggest an established and reproducing population in Cimarron
County, Oklahoma, that we estimate to consist of 20 individuals. This population apparently ex-
panded from those in southeastern Colorado and northeastern New Mexico by the early 1980s
and increased considerably during the 1990s. Today, black bears are reported annually from
throughout Cimarron County. Dispersing young animals have increasingly wandered into Texas
County, Oklahoma, and nearby areas of northwestern Texas and southwestern Kansas. Because
black bears are protected in all 3 states and human densities are relatively low in this region, their
range might continue to slowly expand.

RESUMEN—EI 0so negro (Ursus americanus) se distribuia histéricamente a través del sur de las
Grandes Planicies, incluyendo Kansas, Oklahoma, y Texas. Sin embargo, debido a la pérdida de
hébitat y la persecucion humana, el oso negro fue extirpado de esta region a principios de 1900.
Reportamos la reciente expansion en la distribucion de esta especie en el suroeste de las Grandes
Planicies, basandonos en observaciones y registros de agencias estatales y federales. Recientes
registros de osos negros, la mayoria de los cuales presentan la fase de color canela, sugieren que
existe una poblacion establecida y reproductiva en el condado de Cimarron, Oklahoma, la cual
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estimamos que consiste de 20 individuos. Aparentemente esta poblacion es una expansion pro-
veniente del sureste de Colorado y del noreste de Nuevo México a principios de la década de
1980 y se ha incrementado considerablemente durante la siguiente década. Actualmente se regis-
tran osos negros cada ano en el condado de Cimarron. Cada vez mas se han dispersado animales
jovenes al condado de Texas, Oklahoma, y a dreas cercanas del noroeste de Texas y suroeste de
Kansas. Debido a que el oso negro esta protegido en los 3 estados y las densidades humanas son
relativamente bajas en esta region, su distribucion podria continuar expandiéndose lentamente.

Historically, black bears (Ursus americanus)
occurred throughout the southern Great
Plains, including Kansas, Oklahoma, and Tex-
as. However, due to habitat loss and human
persecution, black bears were extirpated
throughout this region by the early 1900s.
Black bears disappeared from Kansas by the
1880s (Bee et al., 1981), Oklahoma in the
1930s (Tyler and Anderson, 1990), and Texas,
except for mountains in the Trans-Pecos re-
gion, by the early 1900s (Taylor and Davis,
1947). Although black bears recently have re-
occupied small parts of their former range in
the Ozark Mountains of northeastern
Oklahoma (Pelton and Van Manen, 1994) and
the Chisos and Davis mountains in southwest-
ern Texas (Davis and Schmidly, 1994), their
presence in the relatively flat terrain of the
southwestern Great Plains has not been re-
ported.

We report on the recent range expansion of
this species in the southwestern Great Plains,
based on the occurrence of a probable small
breeding population in the western Oklahoma
Panhandle and sightings in southwestern Kan-
sas and northwestern Texas. Because black
bears are now protected in all 3 states, their
breeding range might continue to expand
slowly in the future, despite the relative flatness
of the terrain.

In Oklahoma, Glass (1951) suggested that
black bears might occasionally wander into Ci-
marron County, the westernmost county in the
Panhandle, because 1 was observed nearby in
southeastern Colorado. Lee (1967) reported a
specimen from a location in northeastern New
Mexico, approximately 120 km west of Cima-
rron County. In the early 1980s, local residents
reported sows with cubs in several counties ad-
jacent to Cimarron County in southeastern
Colorado and northeastern New Mexico (Cai-
re et al., 1989). The first verified record of a
black bear in the Oklahoma Panhandle oc-
curred in May 1981, when a female was cap-
tured a few kilometers west of Boise City in

central Cimarron County and released near
Black Mesa State Park after being tagged (Cai-
re et al., 1989). The capture and release of this
sow suggested a potential breeding population.

During the 1990s, one of us (LAG) investi-
gated numerous black bear sightings and per-
sonally observed 7 individuals in Cimarron and
Texas counties, Oklahoma. These observations
were described as follows: 1) during spring
1990, a subadult female (ca. 50 kg) was tran-
quilized, photographed (photographs men-
tioned in this paper are in possession of the
Oklahoma Department of Wildlife Conserva-
tion), and released by LAG approximately 8
km northeast of Kenton, Cimarron County; 2)
during spring 1991, a cinnamon-colored bear
(ca. 50 to b5 kg) was observed by LAG in a
tree near a residence, approximately 9 km east
of Kenton; 3) during fall 1993, an apparent
adult (ca. 140 kg) was observed by LAG in a
field approximately 9 km northeast of Kenton;
4) during summer 1995, a subadult male (ca.
60 kg) was electrocuted after climbing an elec-
trical pole in Black Mesa State Park, Cimarron
County (photographs taken, but specimen not
recovered); 5) in August 1996, a cinnamon-col-
ored male (ca. 130 kg) was photographed and
video-taped in a cornfield approximately 7 km
northwest of Griggs, Cimarron County; 6) in
July 1999, a black bear was observed by LAG
in a culvert approximately 16 km northwest of
Keyes, Cimarron County; and 7) during spring
2000, a cinnamon-colored yearling (ca. 80 kg)
with black ears and feet was photographed and
video-taped in farmland near an industrial hog
facility approximately 18 km north of Eva, Tex-
as County. In addition to these observations,
LAG found bear tracks approximately 35 km
north of Boise City, Cimarron County, after in-
vestigating reports of an animal there in the
fall of 2000. Tracks were observed by LAG on
more than 50 other occasions over the past 12
years along the Cimarron River in the north-
ern part of Cimarron County. Numerous land-
owners interviewed by LAG during the past 10
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years also had seen bears. Black bears are now
regularly seen by ranchers during annual cattle
round-ups along the Cimarron River and by
farmers throughout the county during corn
harvests. In August 1995, several landowners
watched a female bear with 2 cubs near Griggs,
as did local residents near a cattle feedyard
near Boise City, about 30 km to the northwest.

In addition to our observations, bear tracks
were photographed (deposited in Cameron
University Museum of Zoology, Lawton,
Oklahoma) on 21 June 1990, approximately 13
km east of Kenton, Cimarron County. Local
residents observed a young cinnamon-colored
bear on 26 May 1991, approximately 13 km
east of Kenton, and observed another bear on
27 May 1997, approximately 6 km south of
Kenton (J. D. Tyler, Cameron University, Law-
ton, Oklahoma, pers. comm.).

As indicated above, in Cimarron County,
Oklahoma, black bear sightings are concen-
trated in the northwestern part of the county,
where the terrain is relatively rugged. This re-
gion is adjacent to established black bear pop-
ulations in southeastern Colorado (Fitzgerald
et al.,, 1994) and northeastern New Mexico
(Findley et al., 1975). However, black bears are
increasingly observed in other relatively flat
parts of Cimarron County that are dominated
by agricultural fields, although they tend to be
concentrated along the Cimarron River and
Beaver Creek, which have riparian vegetation
that provides more natural and permanent
cover.

In northwestern Texas, 4 documented re-
cords of black bears are known during the past
20 years. In 1984, a subadult cinnamon-colored
male (ca. 115 kg) was observed by state agency
personnel as it foraged in native grasslands
near the Thompson Grove campground, ap-
proximately 21 km east of Texline, Dallam
County (R. Burnes, Texas Parks and Wildlife
Department, pers. comm.). In 1986, a subadult
cinnamon-colored male (ca. 80 kg) was ob-
served by state agency personnel near a cattle
feedyard not far from Pericho, Dallam County
(R. Burnes, Texas Parks and Wildlife Depart-
ment, pers. comm.). In fall 1995, a cinnamon-
colored cub (ca. 18 kg) was captured by local
residents on a private ranch in west-central
Hartley County. The cub was released by state
agency personnel approximately 8 km north of
Texline, Dallam County (A. Sandoval, New

Mexico Game and Fish Department, pers.
comm.). In 1997, a subadult was seen near a
county road approximately 6.5 km east of Tex-
line (R. Childress, United States Forest Service,
pers. comm.). In addition to these document-
ed records, we interviewed several workers who
saw a black bear in July 1999 near an industrial
hog facility on Beaver Creek in northern Sher-
man County. That same week, several other lo-
cal residents saw a bear in that same area cross-
ing United States Highway 287 northwest of
Stratford, Sherman County (D. Birkenfeld,
Stratford, Texas, pers. comm.). These locations
were approximately 20 km southeast of recent
sightings in southeastern Cimarron County,
Oklahoma.

In southwestern Kansas, 3 black bears have
been documented within the past 20 years.
During summer 1982, 1 was observed by state
agency personnel in Cimarron National Grass-
lands near Elkhart, Morton County (M. Mitch-
ner, Kansas Department of Wildlife and Parks,
pers. comm.). This bear was captured, given to
personnel of the Colorado Division of Wildlife,
and subsequently released nearby in Colorado.
In June 1997, a cinnamon-colored individual
was observed along the Cimarron River in the
Cimarron National Grasslands, Morton County
(M. Mitchner, Kansas Department of Wildlife
and Parks, pers. comm.). In May 2000, a cin-
namon-colored bear (ca. 80 kg) was observed
in the Cimarron National Grasslands (M.
Mitchner, Kansas Department of Wildlife and
Parks, pers. comm.). For the next several
months, this young animal wandered north to
near Ritchfield, Morton County, then followed
the North Fork of the Cimarron River to near
Ulysses, Grant County (Ulysses News, 1 June
2000). It subsequently wandered through Kear-
ny, Wichita, and Greeley counties before cross-
ing the border into Colorado (M. Mitchner,
Kansas Department of Wildlife and Parks, pers.
comm.). This bear was probably the same in-
dividual seen during spring 2000 by LAG in
northwestern Texas County, Oklahoma.

Of all black bears reported by state and fed-
eral agency personnel in the southwestern
Great Plains, most (7 of 13) exhibited the cin-
namon color phase. Recent records suggest an
established and reproducing population in Ci-
marron County, Oklahoma, that we estimate to
consist of 20 individuals. This population no
doubt expanded from those in southeastern
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Colorado and northeastern New Mexico by the
early 1980s and increased considerably during
the 1990s. Today, black bears are reported an-
nually from throughout Cimarron County. Dis-
persing young animals have increasingly wan-
dered into Texas County, Oklahoma, and near-
by areas of northwestern Texas and southwest-
ern Kansas. Because black bears are protected
in all 3 states and human densities are relative-
ly low in this region, their range might contin-
ue to slowly expand.

We thank D. Birkenfeld, R. Burnes, A. Carr, M.
Mitchner, J. D. Ray, and A. Sandoval for providing
records of black bears. We also thank C. Jones for
reviewing the manuscript, J. D. Tyler for providing
his field notes on black bears and reviewing the man-
uscript, and R. Carrera for the Spanish translation
of the summary. This is a Texas Tech University, Col-
lege of Agricultural Sciences and Natural Resources
Publication T-9-900.
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EFFECTS OF A FLOOD ON RELATIVE ABUNDANCE AND
DIVERSITY OF SMALL MAMMALS IN A REGENERATING
BOTTOMLAND HARDWOOD FOREST
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ABSTRACT—Because effects of flooding on small mammal populations are poorly understood,

we examined small mammal response, measured by relative abundance and community diversity,

to a flood in a regenerating bottomland hardwood forest. We trapped small mammals immediately
prior to and 5 months following retreat of floodwaters in Yazoo County, Mississippi during 1994
and 1995. Cotton rats (Sigmodon hispidus) and marsh rice rats (Oryzomys palustris) were the domi-
nant species captured throughout the study, but abundance declined markedly after flooding and
did not reach pre-flood abundance by the end of the study. Extended flood duration and depth
were believed to have caused the disappearance of cotton mice (Peromyscus gossypinus) and a de-

crease in community diversity.

RESUMEN—Porque no se sabe mucho del efecto de las inundaciones sobre las poblaciones de
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mamiferos pequenos, examinamos la respuesta de los mamiferos pequenos, segiin la abundancia
relativa y la diversidad de la comunidad, a una inundaciéon en un bosque de madera dura en
proceso de regeneracion de tierras bajas. Capturamos los mamiferos pequenos inmediatamente
antes de la inundacién y 5 meses después del retiro de las aguas en el condado de Yazoo, Missis-
sippi, en los anos 1994 y 1995. La rata algodonera (Sigmodon hispidus) y la rata arrocera (Oryzomys
palustris) fueron las especies capturadas con mayor frecuencia. Su abundancia bajé sumamente
después de la inundacion, y hasta el fin del estudio no se habia alcanzado la abundancia anterior.
Se cree que las prolongadas inundaciones y la profundidad de las aguas causaron la desaparicion
del raton algodonero (Peromyscus gossypinus) y la disminucion de la diversidad de la comunidad.

Bottomland hardwood forests are recog-
nized as being extremely productive wildlife
habitat. From 1960 through 1970, substantial
portions of bottomland hardwood forests in
the Lower Mississippi Alluvial Valley (MAV)
were destroyed and converted to agriculture
(Reinecke et al., 1989; Stanturf et al., 2001).
Recently, however, programs such as the Wet-
land Reserve Program (WRP) and Conserva-
tion Reserve Program (CRP) have resulted in
large acreages being placed into hardwood re-
generation areas. Landscape-level changes in
the distribution and abundance of early suc-
cessional habitats witnessing regeneration ef-
forts subsequently could affect faunal com-
munities inhabiting landscapes within the
MAV. Coincidentally, government set-aside
programs such as WRP and CRP frequently re-
sult in landowners enrolling marginal agricul-
tural lands, which are often sites that receive
unpredictable flood pulses during the growing
season (Stanturf et al. 2001). Although early
studies examined relative effects of flooding
on species of small mammals (Blair, 1939), in-
formation describing effects of flooding on
small mammal populations across sites selected
for bottomland hardwood restoration is lack-
ing. Therefore, we describe changes in relative
abundance and diversity of small mammals fol-
lowing extended flooding within a regenerat-
ing bottomland hardwood forest. We used cap-
tures per effort and community diversity indi-
ces prior to and following a spring flood pulse
to infer about effects of flooding on small
mammal communities.

Our study area included the 3,640-ha Lake
George Wildlife Management Area (LGWMA),
located in Yazoo County, Mississippi. LGWMA
contained 3,458 ha of early successional habi-
tats and 182 ha of mature bottomland hard-
wood forest. Early successional areas were re-
planted in hardwood seedlings, whereas some
areas remained in agriculture. Replanted hard-

woods included Nuttall oak (Quercus nuttallii),
willow oak (Q. phellos), water oak (Q. nigra),
and sweet pecan (Carya illinoensis). Common
invader plant species included ragweed (Am-
brosia), Johnson grass (Sorghum halapense), ses-
bania (Sesbania exaltata), and goldenrod (Soli-
dago). Dominant agricultural crops were cot-
ton, soybeans, and milo. Prevalent mature tree
species included overcup oak (Q. lyrata), sug-
arberry (Celtis laevigata), and black willow (Sa-
lix nmigra). The area was bisected by a man-
made water drainage canal with 2 flood-control
levees on either side. Areas between these le-
vees were susceptible to annual flooding, with
3 to 4 month periods of inundation common.
Topography was flat with 0 to 4% slopes, and
soils were poorly drained, with dark-colored,
clayey profiles (United States Department of
Agriculture, 1959).

We trapped small mammals during February
1994 for a 3-day trapping period immediately
prior to an extensive flood pulse. All areas be-
tween the levees were inundated >3 m in
depth, and floodwaters did not recede until
late May and early June. Outside the levees,
flooding occurred for nearly 2 weeks; however,
floodwaters were <0.5 m, and floodwaters had
completely receded by mid-March. Trapping
was reinitiated in October 1994 and continued
through February 1995. Although floodwaters
had receded by July, we did not trap during
July through September because of a lack of
vegetation on flooded sites, and because of
problems with red-imported fire ants (Solenop-
sis invicta) removing bait and mutilating cap-
tured rodents. Once reinitiated, trapping oc-
curred during one 3-day interval each month,
excluding January. Transect length was either
400 m (n = 8) or 200 m (n = 2), depending
on size of available habitat. Nine of 10 transects
were established in regenerating forest; the re-
maining transect was in the sole patch of ma-
ture forest on LGWMA. On 400-m transects, 20
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TaBLE 1—Catch per unit effort (number cap-
tured/100 trap-nights) for 3 mammal species cap-
tured on 10 transects using live-traps in hardwood
regeneration areas on Lake George Wildlife Man-
agement Area, Mississippi, 1994 through 1995.

Catch
Total  per
cap-  unit
Species Period tures effort
Peromyscus gossypinus Pre-flood 4 0.7
Post-flood 0 0.0
Sigmodon hispidus Pre-flood 111 20.59

Post-flood 96 5.1
Pre-flood 36 6.7
Post-flood 14 0.7
Pre-flood 539
Post-flood 1,899

Oryzomys palustris

Total trap-nights

stations were located 20 m apart, whereas 200-
m transects contained 10 stations placed 20 m
apart. One Tomahawk live-trap (14.64 X 15.24
X 17.15 c¢cm) was placed at each station and
baited with peanut butter. Captured animals
were identified to species, weighed, uniquely
toe-clipped for later identification, and re-
leased at the capture site.

We determined relative abundance of small
mammals using catch/unit effort (number of
captures/100 trap-nights). A trap-night was de-
fined as 1 trap set for a 24-h period. Catch/
unit effort estimates were then compared for
each species. Recaptures and associated trap-
nights were removed from calculations of
catch/unit effort. We used a binomial test for
2 proportions to compare differences in
catch/unit effort and species composition be-
tween pre-flooding and postflooding periods
(Zar, 1984). Inundation length was noted and
related to later sampling to evaluate differenc-
es in small mammal populations prior to and
after flooding. We examined species diversity
between pre-flooding and post-flooding peri-
ods by calculating Shannon-Weaver diversity in-
dices and associated evenness values.

Catch/unit effort decreased for all species
following flooding (Table 1). Total captures
were composed mostly of marsh rice rats (Ory-
zomys palustris, 19%) and cotton rats (Sigmodon
hispidus, 79%), whereas cotton mice (Peromys-
cus gossypinus) only comprised 2% of total cap-
tures during our study. Percentage composi-
tion for cotton rats increased (74 to 91%, P =

0.042), but decreased (11 to 0%, P = 0.01) for
cotton mice. Likewise, diversity (0.6643 to
0.2332) and evenness (0.6048 to 0.1682) de-
clined >0.40 after flooding.

Six transects were completely inundated
from mid-February 1994 until late May 1994.
After flooding, catch/unit effort decreased for
cotton rats from 0.167 to 0.003 (P = 0.01).
Similarly, catch/unit effort decreased for
marsh rice rats and cotton mice from 0.047 to
0.004 (P = 0.04) and 0.03 to 0.00 (P = 0.02),
respectively.

Flooding reduced relative abundance and di-
versity of small mammal communities on
LGWMA. The decrease and near disappearance
of cotton mice was likely attributable to effects
of flooding. Blair (1939) reported lower num-
bers of white-footed mice (P leucopus) after long-
term flooding. A lack of recolonization by cotton
mice when water receded might have been due
to poor habitat quality. On LGWMA, few larger
trees (>4 years) were present to provide refuge
during high water levels (>4 m). Likewise, high
water levels prevented mice from foraging on the
ground from February through May. High flood
depth and length possibly caused widespread
starvation or emigration. Blair (1939) reported
similar findings after prolonged flooding in
Oklahoma, and Andersen et al. (2000) suggested
that arboreal species, such as deer mice (P ma-
niculatus), face an increased risk as flood dura-
tion increases. Furthermore, diversity indices on
LGWMA decreased after flooding because of the
disappearance of cotton mice and reductions in
relative abundance of other species. Species di-
versity increases when species captured are rep-
resented by the same number of individuals in
each sample (Ludwig and Reynolds, 1988). The
low diversity and evenness indices derived on
LGWMA were a result of 2 species dominating
captures prior to flooding and comprising all
captures following flooding.

Sheppe and Osbourne (1971) reported im-
mediate recolonization of floodplains in Zam-
bia by small mammals as water receded. How-
ever, we did not observe such a recolonization
on LGWMA. We suggest that the lack of recol-
onization occurred primarily because of low
food and cover availability (Blair, 1939), con-
founded by a relatively high winter abundance
of northern harriers (Circus cyaneus) on
LGWMA (Hamel, 1992), and a lack of suitable
habitat in areas surrounding LGWMA. Wiegert
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(1972) found aerial predation on cotton rats as
a significant factor in autumn-winter declines.
Following the retreat of floodwaters, previously
flooded areas on LGWMA contained little un-
derstory vegetation, resulting in decreased un-
derstory cover and available food (Blair, 1939).
Animals that attempted to recolonize were like-
ly susceptible to high stress resulting from aerial
predation, weather, and food shortages. Fur-
ther, where cover was present, “reservoirs” of
rodents might have occurred. Schnell (1968)
suggested that predation might be accelerated
on these scattered populations. Lastly, areas sur-
rounding LGWMA were primarily used for in-
tensive agriculture, which provided little con-
cealment cover; therefore, habitat suitability in
these areas was likely low. A lack of suitable hab-
itats in surrounding areas might have reduced
the opportunity for potential source popula-
tions to recolonize depleted populations on
LGWMA.

Hydrological changes in the MAV have cre-
ated conditions unlike the natural floodplains
studied by Sheppe and Osbourne (1971). Chan-
nelization and levee construction along the Mis-
sissippi River have reduced the natural flood-
plain by 90% (Fremling et al., 1989), and flood
intensities have increased since 1927 (Belt,
1975). Perhaps species are unable to adapt to
flood-related stresses because of the increasing
severity of inundation. As channelization and le-
vee construction continue in the MAV, species
will be forced to adapt or become locally ex-
tinct. As our data indicate, even when bottom-
land hardwood forests are regenerated, if hy-
drology is drastically altered, effects on small
mammals might be severe and deleterious.

This research was supported by the Mississippi De-
partment of Wildlife, Fisheries and Parks, U.S. Army
Corps of Engineers, the Forest and Wildlife Re-
search Center at Mississippi State University, and the
School of Renewable Natural Resources at Louisiana
State University. We thank J. Ross and S. Stephens
for field assistance.
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FIRST RECORD OF THE YUCATAN DEER MOUSE, PEROMYSCUS
YUCATANICUS (RODENTIA: MURIDAE) FROM GUATEMALA
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Instituto de Ecologia, Universidad Nacional Autonoma de México, A.P. 70-275, 04510 Meéxico,
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ABSTRACT—We report the first record of Yucatan deer mouse, Peromyscus yucatanicus, in Guate-
mala. The Yucatan deer mouse was restricted to Yucatan Peninsula, where it is considered a com-
mon species in deciduous to semi-evergreen tropical forests, and secondary growth forests. Two
Yucatan deer mice were collected at Laguna Flor de Luna, Laguna del Tigre National Park, Gua-
temala, on April 1999. This new record constitutes a range extension of 116 km south of the
nearest previously known locality at Escarcega, Campeche, Mexico.

RESUMEN—Presentamos el primer registro de Peromyscus yucatanicus para Guatemala. La distri-
bucion de esta especie era conocida so6lo en la Peninsula de Yucatan, donde es considerada comun
en bosque tropical caducifolio y semicaducifolio, y también en bosques de crecimiento secundario.
En abril del 1999, se capturaron dos ejemplares de Peromyscus yucatanicus en Laguna Flor de Luna,
Parque Nacional Laguna del Tigre, Guatemala. Este nuevo registro amplia el area de distribucion
unos 116 km al sur de la localidad mas cercana registrada, o sea, Escarcega, Campeche, México.

The Yucatan deer mouse (Peromyscus yucata-
nicus) was described by Allen and Chapman
(1897) on the basis of 6 specimens from Chi-
chén-Itza, Yucatan, Mexico. Peromyscus yucata-
nicus is a medium-sized mouse and is larger
than the only sympatric species of Peromyscus,
the white-footed mouse (P. leucopus). The 2
species can be distinguished easily because P.
yucatanicus has a moderately developed supra-
orbital ridge, no pectoral mammae, a glans pe-
nis with divided dorsal lappets, and a sparsely
haired tail that is frequently blotched ventrally
(Lawlor, 1965; Young and Jones, 1983). Lawlor
(1965) considered this species to be monotyp-
ic, but Hall (1981) recognized 2 subspecies,
the northern P y. yucatanicus Allen and Chap-
man, 1897, with ochraceous buff upper parts,
and the southern P y. badius Osgood, 1904,
with brownish upper parts (both subspecies
have a mixture of dusky hairs on the upper
parts). The Yucatan deer mouse is considered
a Mexican endemic and has been recorded
only from northern Yucatan and the north-
central parts of the states of Campeche and
Quintana Roo, Mexico (Hall, 1981; Young and

Jones, 1983). The southern limit of its distri-
butional range is unknown (Huckaby, 1980).
Peromyscus yucatanicus is considered a common
species in semi-deciduous to semi-evergreen
forests, banana plantations, and secondary
growth forests of the Yucatan Peninsula (Bir-
ney et al., 1974; Young and Jones, 1983).

On 21 April 1999, 2 Yucatan deer mice (P y.
badius) were collected at Laguna Flor de Luna,
Laguna del Tigre National Park, Guatemala
(17°35.99'N, 90°53.84'W). The general habitat
was flooded forest dominated by tinto trees
(Haematoxylon campechianum). Transects of snap
traps (Victor Rat Trap and Museum Special
Mammal Trap) were established near bodies of
water. Traps were baited with a mixture of pea-
nut butter, raisins, oats, and bacon. Specimens
were deposited in the Zoological Collections,
Museum of Natural History, University of San
Carlos, Guatemala (USAC 1410, 1411). They
were identified following Huckaby (1980), Hall
(1981), and Reid (1997), and compared with
specimens of P yucatanicus and P. leucopus de-
posited in the Coleccion de Mastozoologia, Ins-
tituto de Biologia, Universidad Nacional Auto-
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noma de México, México. The male (USAC 94° 90° 86°

1410) was an adult and the female (USAC
1411) was a subadult based on their pelage. The
female was completing the post-subadult molt;
the venter was pale grayish, and the dorsum was
dusky. In contrast, the venter is yellowish-white,
and the dorsum is brighter ochraceous in the
adult (Lawlor, 1965; Young and Jones, 1983).

External and cranial measurements (mm) of
both specimens, the adult male and subadult
female, respectively, are: total length 201, 203;
length of tail 100, 100; length of hind foot 22,
22; length of ear 19, 19; greatest length of skull
28.14, 28.2; condylobasal length 27.72, 26.56;
palatal length 4.36, 3.95; nasal length 10.64,
9.98; length of rostrum 8.72, 8.95; zygomatic
breadth —, 13.28; breadth of braincase 12.19,
12.37; interorbital breadth 4.56, 4.56; mandi-
ble length 13.87, 12.91; length of mandibular
tooth row 3.95, 3.90; length of maxillary tooth
row 3.69, 3.83; length of incisive foramen 5.72,
5.63. Both specimens weighed 29 g. The male
had testes measuring 14 mm by 9 mm.

Other species of rodents that have been re-
corded in association with P. yucatanicus in-
clude Peromyscus leucopus, Heteromys gaumeri,
Ototylomys phyllotis, Oryzomys alfaroi, O. couesi, O.
melanolis, Reithrodontomys gracilis, and Sigmodon
hispidus (Lawlor, 1965; Dowler and Engstrom,
1988). We captured only 2 species at this lo-
cality: P. yucatanicus and Ototylomys phyllotis.

Previously, the southernmost record for P. yu-
catanicus was 7.5 km W of Escarcega, Campeche
(Dowler and Engstrom, 1988). There are also 4
specimens of P y. badius from the Calakmul,
Campeche archaeological site in the collection
of the Instituto de Biologia, Universidad Nacio-
nal Autonoma de México, México (IBUNAM
37362, 37364, 37365, 37366); these records are
115 km ESE of the record in Dowler and Engs-
trom (1988). Our new record is a range exten-
sion of 116 km S of Escarcega and 134 km SE
of Calakmul, and it represents the first record
of the species in Guatemala. We speculate that
P. yucatanicus occupies the entire Yucatan Pen-
insula of Mexico, northern Guatemala, and
northern Belize (Fig. 1), based on the distri-
bution and similarity of vegetation types.

We thank the team of Aqua RAP for their excel-
lent camaraderie in the field. We are grateful to F.
Cervantes and Y. Hortelano (Instituto de Biologia,
Universidad Nacional Autonoma de México) who

20°

Guatemala

F1G. 1—Hypothesized distribution of Peromyscus yu-
catanicus on the Yucatan Peninsula and in adjacent
Guatemala and Belize. Localities discussed in text.
MEXICO, CAMPECHE: 1) 7.5 km W Escarcega; 2)
Calakmul archeological site; GUATEMALA, EL PE-
TEN: 3) Laguna Flor de Luna.

permitted access to the Coleccion de Mastozologia
and who identified the specimens, and to 2 anony-
mous reviewers for critiquing an earlier draft of the
manuscript. We also thank the Consejo Nacional de
Areas Protegidas for permission to work in the La-
guna del Tigre National Park and the following in-
stitutions: Centro de Estudios Conservacionistas,
Conservation International—ProPetén, and Conser-
vation International’s Rapid Assessment Program.
Special thanks to L. Alonso for support in the de-
velopment of this project. This research was sup-
ported by funding provided by the United States
Agency for International Development and The Ruf-
ford Foundation.
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ABSTRACT—We made an intensive survey of small mammals in the Sierra Norte de Oaxaca
region, in Oaxaca, México. We recorded the presence of 2 interesting species: water mouse (Rheo-
mys mexicanus) and river otter (Lontra longicaudis annectens). The locality for the river otter rep-
resented the highest altitude recorded in México for this species. The locality for the water mouse
is the fourth known in all of its range and the second record in Sierra Norte.

RESUMEN—A partir de un muestreo de campo intensivo de mamiferos pequenos en la region
conocida como Sierra Norte, en el estado de Oaxaca, México, se registro la presencia de 2 especies
interesantes: el raton acuatico (Rheomys mexicanus) y la nutria de rio (Lontra longicaudis annectens).
La localidad en que ocurri6 la nutria de rio representa la mayor altitud para esta especie en
México, mientras que la localidad del raton acuatico representa la cuarta localidad conocida en
toda su distribucion y la segunda en la Sierra Norte.

We report 2 species of interest from our field
survey of mammals in the Sierra Norte de Oa-
xaca, Oaxaca, México: water mouse (Rheomys
mexicanus) and river otter (Lontra longicaudis
anmnectens).

The water mouse is endemic to the state of
Oaxaca, México (Goodwin, 1969; Hall, 1981;
Musser and Carleton, 1993), and it previously
has been recorded from only 3 localities.
Goodwin (1959) described it from 4 specimens
collected at San José Lachiguiri (16°22'40"N,
96°20'7"W), Distrito de Miahuatlan, 4,000 feet
elevation, in Sierra Madre del Sur. Goodwin
(1969) later reported 7 additional specimens
from this locality. Other records are from
Uniéon Hidalgo (16°28'30"N, 94°49'47"W), Dis-

trito de Juchitan, in the Istmo de Tehuantepec
(Goodwin, 1969) and 3.6 miles W Totontepec
(17°13'N, 96°3'W) (Voss, 1988). This species is
considered “‘rare” by the Mexican government
(SEDESOL, 1994).

On 5 April 2001, we found an adult male
water mouse clogging a hosepipe used to col-
lect water from the Rio Yavesia (17°13'16"N;
96°25'07"W), 4 km SE of Santa Maria Yavesia,
Municipio de Santa Maria Yavesia, Distrito de
Ixtlan, 2,000 m elevation, and 67 km NE of
Oaxaca. The main vegetation in this area is
pine-oak forest, with common subcanopy trees
of the genus Alnus.

The standard external and select cranial and
mandibular measurements (in mm) of the spec-
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imen are total length, 289; length of vertebral
tail, 143; hind foot length, 32; ear length, 7;
mass, 88 g; condylobasal length, 29.8; zygomatic
breadth, 15.7; interorbital constriction, 5.3; al-
veolar length of upper molar toothrow, 4.9; al-
veolar length of lower molar toothrow, 4.9; and
mandibular length, 13.7. The specimen was pre-
served as a skin with skeleton in the Coleccion
de Mamiferos, Centro Interdisciplinario de In-
vestigacion para el Desarrollo Integral Regional,
Unidad Oaxaca, Instituto Politécnico Nacional
(OAXMA 2077). Along with the specimen col-
lected west of Totontepec, this is the second re-
cord of R. mexicanus for Sierra Norte de Oaxaca
and represents only the fourth locality known
in this entire range.

The river otter inhabits aquatic habitats in
tropical and temperate forests. The species has
been recorded from sea level to 1,700 m in el-
evation. The presence or absence of this species
indicates habitat quality (Gallo, 1986, 1997).

In Oaxaca, the river otter has been recorded
in several localities in the regions of the Istmo
de Tehuantepec, Costa, and Sierra Mixteca
(Goodwin, 1969; Hall, 1981; Gallo, 1997). In
March 1998 we saw 1 otter, and in February
2001, we collected scats (M. Aranda, pers.
comm.) in the Soyaltepec River at Laa-da, 10.6
km NW of Los Reyes Yagalaxi, Municipio de
Ixtlan de Judrez, Distrito de Ixtlan
(17°37'30"N; 96°15'55"W; 360 m elevation).
The dominant vegetation in this area is sub-
tropical broadleaf forest. The nearest record of
this species is 130 km to the north in the Rio
Blanco, 20 km W of Piedras Negras, Municipio
de Piedras Negras, Estado de Veracruz
(18°46'02"N; 96°21'15"W; 165 m elevation)
(Hall and Dalquest, 1963).

In April 2001, we collected several more
scats along the Rio Yavesia that were identified
as those of L. [. annectens (M. Aranda, pers.
comm.). Between March and May 2001, local
villagers from Yavesia corroborated the pres-
ence of otters in the river, although such en-
counters were infrequent. These records rep-
resent the highest reported elevation (2,000
m) for this otter in México (Gallo, 1997). The
next highest elevation reported was 1,550 m at
a locality 157 km NW in the Rio del Oro (also
known as Rio Tamazulapan), close to the hy-
droelectric station plant of Tamazulapan, Mu-
nicipio de Villa de Tamazulapan del Progreso,
at 18°40'N; 96°36'W; (Gallo, 1997).

World Wildlife Fund (WWF, Project S-055), Co-
mision Nacional para el Conocimiento y Uso de la
Biodiversidad (CONABIO, Project R-104), and Di-
reccion de Estudios de Posgrado e Investigacion, Ins-
tituto Politécnico Nacional (DGEPI, Project 970549)
provided financial support for the field survey. A.
Trujano, A. Marin, J. Garcia, J. Calder6n, L. Velaz-
quez, and M. Peralta gave invaluable assistance in
the field work. M. Aquino, E. Ramirez, and M. Cruz,
Ixtlan de Juarez and Santa Maria Yavesia, respective-
ly, authorized access to their lands. The young pro-
moters of ecotourism of both communities collabo-
rated in diverse phases of the field work. A. Pérez
Hernandez provided invaluable information about
the occurrence of the water mouse in Yavesia, as well
as field support. E. Martinez-Meyer, V. Sanchez-Cor-
dero, and 2 anonymous reviewers made valuable
suggestions to earlier drafts of the manuscript. M.
Aranda identified otter scats.
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