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In addition to determining the population size and dynamics of a species, censuses 
are used to determine the quality of a site as habitat and the value of a site from a 
conservation standpoint (Sutherland 1996).  For vertebrates, some studies may only 
require determining presence-absence of individuals at a site.  For conservation plan-
ning, it often is useful to compare sites that still harbor the species of interest with 
those sites that do not (Sutherland 1996).  The time necessary to detect a species in 
its habitat varies by the species under study, the type and quality of the habitat, the 
environmental conditions during the survey, and the skill of the surveyor.  Minimiz-
ing the number of surveys necessary to confidently determine whether a particular 
species is absent can allow time for additional surveys.  Although there can never 
be certainty that a species does not occur on a site, no matter how many surveys are 
undertaken, determining the optimal number needed for a high probability of detec-
tion can be critical.

The blunt-nosed leopard lizard, Gambelia sila, is a diurnal, 115 mm snout-vent 
length, predatory lizard endemic to the San Joaquin Valley and adjacent valleys to 
the southwest in California (Montanucci 1965, Germano and Williams 2005).  It is 
both state and federally listed as endangered, and as such, there is great concern about 
what affects its status (USFWS 1998).  The first step for improving the likelihood of 
its recovery from endangered status is determining where the species occurs.  Over 
large areas, visual surveys while slowly driving on paved and dirt roads may be ap-
propriate.  However, surveys while slowly walking are needed for smaller sites or 
areas without road access.  Standard methodology for detecting blunt-nosed leopard 
lizards during walking surveys has been to conduct 10-day censuses either on grids 
or meandering transects in the spring and early summer when adults are most active 
(Germano and Williams 1992, 2005).  Abundance estimates of leopard lizards can be 
made by using regression models on data gathered from 10-day censuses (Germano et 
al. 1997).  However, 10 days of censusing may be more time than is necessary if the 
objective is to determine the presence or absence outside of regulatory requirements.  
Here, I use data collected at two sites over 16 years to determine how many days are 
necessary to have a high (> 90%) probability of detecting leopard lizard presence.

I used data from study sites on the Elkhorn Plain, San Luis Obispo Co. (Germano 
and Williams 2005) and the Lokern Natural Area, Kern Co., California (unpublished 
data).  At both sites, 10 or more days of walking censuses of blunt-nosed leopard 
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and red fir (Abies magnifica), with some common shrub species including wedgeleaf ceanothus 
(Ceanothus cuneatus) and mahogany (Cercocarpus sp.).  Its rich faunal composition includes 
sensitive species such as the northern spotted owl (Strix occidentalis caurina), northern gos-
hawk (Accipiter gentilis), Humboldt marten (Martes americana humboldtensis) and Pacific 
fisher (Martes pennanti pacifica), as well as more common species such as black-tailed deer 
(Odocoileus hemionus columbianus), black bear (Ursus americanus), mountain lion (Felis 
concolor) and Roosevelt elk (Cervus elaphus roosevelti). Precipitation occurs in the form of 
rainfall and snow, averaging >90 cm at the lower elevations annually.    

 
METHODS

Trap Construction

A panel trap was constructed on winter range where adequate densities of elk were present.  
Six 2.74 m (height) x 3.65 m (length) portable steel tube panels were attached to form an 8 
m diameter circular trap (Figure 2).  The entrance was 101.6 cm wide with a steel tube swing 
door reinforced with plywood that closed from the inside.  Plywood sheets (1.21 m x 2.43 m) 
were attached to the top of each panel to extend the height of the trap to 3.65 m (Figure 3).   
Wood posts (.15 x .15 x 2.4 m) inserted into the ground were placed at the entrance and rear of 
the trap to help anchor it to the ground and to prevent the door from swinging to the outside.    

Figure 1.  Study area and trap location for panel trapping elk during January and February 2007, 
Siskiyou County, California.



           Number Seen Mean n SE Range  95% C.I.

 < 3  3.60 20 0.54 1 – 9  2.47 – 4.73
 4 – 15  1.55 11 0.25 1 – 3  0.98 – 2.12
 > 15  1.18 17 0.13 1 – 3  0.90 – 1.46
 Overall  2.27 48 0.29 1 – 9  1.67 – 2.85

Table 1.  Mean number of census days, number of surveys (n), standard error (SE), range, 
and 95% confidence interval (C.I.) of days to make three or fewer, 4 -15, or > 15 sightings 
of Gambelia sila during forty eight 10-day censuses on the Elkhorn Plain, San Luis Obispo 
County (1990 – 1994) and the Lokern Natural Area, Kern County, California (1998 – 2006).

lizards occurred per year   At the Elkhorn Plain, two 8.1 ha plots with 16 census lines 
spaced 18.2 m apart were used to census lizards from 1988 to 2003.  I used data from 
1989 – 1994 when I was in charge of these plots.  At the Lokern Natural Area, eight 
9.0 ha plots, also with 16 census lines (20-m spacing), were used to count lizards 
during 10-day censuses from 1997 – 2006.  I combined data from these two sites to 
analyze the length of time required to detect the first blunt-nosed leopard lizard.  

Of the 48 pooled censuses in which blunt-nosed leopard lizards were found 
within a 10-day search, the average time it took to find at least one lizard was 2.27 
days (Table 1).  It only required an average of 1.18 days to find the first lizard when 
leopard lizards were abundant on the plot (> 15 sightings in 10 days).  However, 
even when leopard lizards were scarce (< 3 lizards per 10 days), the average time to 
detect the first lizard was 3.60 days and the upper 95% confidence limit was under 
5 days (Table 1).  Although it took up to 9 days to find the first lizard in one of the 
censuses, fully 81% of first sightings of blunt-nosed leopard lizards were made in 3 
days and 90% of first sightings were made in 5 days (Fig. 1).

NOTES

No amount of time spent censusing can ascertain with certainty that at least 
one individual lizard does not occur at a site, but limiting the number of days spent 
censusing while still having a high assurance that at least one individual will be de-
tected can greatly increase the number of sites studied.  Increasing sample size is an 
important factor in increasing the power of testing (Gotelli and Ellison 2004).  The 
10-day census of the endangered blunt-nosed leopard lizard was originally instituted 
to increase the likelihood that at least one individual would be detected.  Recently, 
the California Department of Fish and Game (2004) increased the required census 
effort to 17 days (12 in spring/early summer, 5 in late summer/fall) per year because 
the fully protected status of the species does not allow any mortality of the species 
associated with proposed project activities.  The increased census effort is appropri-
ate when the object is to be as close as possible to 100% sure that the species does 
not occur on a site.  However, when the detection level is not as stringent, the ability 
to reduce the number of samples from 10 or 17 days would allow greater effort for 
additional censuses or assessments.
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Telazol® (TLZ) and ketamine (KET) are commonly used drugs in wildlife immobilization 
that can be utilized as primary anesthesia agents in elk.  These schedule III cyclohexanes are 
far less toxic to humans but are not reversible, can have significant undesirable side effects, 
and are difficult to deliver in sufficient volumes (Pond and O’Gara 1996).  The use of KET 
in free ranging ungulates has been limited because the required dose volume may limit the 
ability to remotely dart and recover immobilized animals (Walter et al. 2005).  TLZ is nearly 
three times more potent than KET (Kreeger et al. 2002), a potentially important consideration 
in field immobilizations where injection volumes need to be reduced and reliability of anes-
thesia increased.   

Alpha-2 adrenoceptor agonists (alpha-2) are reversible sedatives often used as adjuvants 
to hasten and smooth induction and recovery and to reduce the dose of primary agent required 
to achieve anesthesia (Kreeger et al. 2002).  Medetomidine hydrochloride (MED) is the most 
powerful alpha-2 agonist available for wildlife immobilization and is ten times more potent 
than the more commonly used xylazine (XLZ).  Its use with KET is reported in European 
species of captive and wild ungulates (Arnemo et al. 1994, Arnemo 1995, Janovsky 2000, 
Ryeng et al. 2001), but a MED-TLZ combination has not been reported in North American 
elk, and may be important as a low volume, non-narcotic alternative for immobilizing these 
large and highly mobile herbivores. 

Helicopter net-gunning is the primary method for capturing wild elk in California (CDFG 
20071).  This technique is highly effective in areas where open terrain and vegetation allow 
animals to be easily observed and helicopters to safely operate.  On significant portions of 
Roosevelt elk range where dense canopy forests prevent the use of helicopters, information on 
the ecology of this species is limited.  Where commonly used methods of capture are impractical 
and the need for increased understanding of elk exists, the development of alternative capture 
techniques is important for research and management.

STUDY AREA

The study was conducted on the South Fork Salmon River drainage in Siskiyou County, 
California (N 41° 05.565’,W 123° 03.110’) (Figure 1).  This region is part of the Klamath 
Ranges (Hickman 1993) and is mainly publicly owned and administered by the Klamath 
National Forest.  The south fork Salmon river is identified in the Klamath National Forest 
Elk Management Strategy (USFS 20072) as critical elk winter range where populations are 
estimated at ~300 (CDFG unpublished data).   

The Klamath Mountains consist of steep diverse terrains where coastal watersheds are 
separated by high elevation ranges exceeding 2700 m in some wilderness areas, extending to 
the Pacific Ocean in the form of narrow river valleys. The floral uniqueness of this area has 
been described by Ricketts (1999)3 as one of the most botanically diverse regions on the globe. 
The Klamath Ranges are characterized as deeply forested landscapes with a diversity of tree 
species that can include hemlock (Tsuga heterophylla), grand fir (Abies grandis), Douglas fir 
(Pseudotsuga menziesii), chinquapin (Chrysolepis chrysophylla), noble fir (Abies procera),

1California Department of Fish and Game. 2007. Wildlife Restraint Handbook. State of Cali-
fornia – Resource Agency. Wildlife Investigations Laboratoy. 1701 Nimbus Road, Rancho 
Cordova, CA. 95670.

2United States Forest Service. 2007. Klamath National Forest Elk Management Strategy. United 
States Department of Agriculture. 1312 Fairlane Road, Yreka CA. 96097.

3Ricketts, T.H., E. Dinerstein, D.M. Olson, and C.J. Louks. 1999. Terrestrial ecoregions of 
North America, a conservation assessment. Washington, D.C.: Island Press.
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I have shown that even when blunt-nosed leopard lizards are scarce, there is a 95% 
chance of detecting a lizard within 5 days of censusing.  Therefore, twice as many 
sites could be sampled compared to a 10-day censusing scheme, which increases the 
power of testing.  These censuses must still take place during appropriate seasons, 
times, and temperatures (Germano and Williams 2005).  Also, some years may be 
too dry for much above ground activity of blunt-nosed leopard lizards (Germano et 
al. 1994) and censuses may not be appropriate for determining occupancy of a site 
in these years.  Although in a few instances a researcher could incorrectly judge the 
species to be absent from a site when limiting the number of days of censusing to 5, 
the increase in the number of sites that could be assessed seems justified.  There will 
always remain the chance that the species occurs at a site yet remains undetected 
no matter how many days of censusing are made, but at these sites the numbers of 
lizards are likely extremely small and may not represent a population capable of 
continuing into the future.
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Figure 1.  The number of days to the first sighting of Gambelia sila during forty eight 10-day 
censuses at the Elkhorn Plain, San Luis Obispo County from 1990 – 1994 and the Lokern Natural 
Area, Kern County, California from 1998 – 2006.
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We used a portable panel trap to capture and chemically immobilize 
eight adult Roosevelt elk (Cervus elaphus roosevelti) using Telazol® (500 
mg) and medetomidine (20 mg).  Atipamezole (100 mg) antagonized the 
effects of medetomidine intramuscularly.  Mean induction and anesthesia 
(to administration of reversal) times were 7.25 + 2.7 and 70 + 13.8 min., 
respectively.  Mean recovery times after reversal were 6 + 2.7 min.  Elk 
weights based on girth measurements ranged from 215-294 kg and all 
elk were >3yrs old.    Heart rates averaged 61.3 and ranged from 43-96 
bpm.  Mean O2 saturation was 71.8 ± 7.2%, with all elks’ % O2 increasing 
during anesthesia. Physiological monitoring indicated a surgical or deep 
plane of anesthesia; however, inductions and reversals were smooth 
and unremarkable and all elk were alive at >12 months.  Three additional 
free ranging elk have been immobilized successfully using an identical 
protocol. With refinement of dosages and under similar conditions, this 
combination shows promise as a reversible, non-opiate alternative for 
immobilizing wild elk.

INTRODUCTION

The most reliable method for immobilizing elk (Cervus sp.) is with an ultra-potent opioid 
in combination with a sedative (Kreeger 2002).  Opiate derivatives are highly effective for 
inducing reversible anesthesia in large ungulates, but exposure to these controlled substances 
can be lethal to humans (Haigh and Haigh 1980), and their availability limited to veterinarians 
in clinical or zoological settings (Arnemo et al. 1994).  Due to the toxicity of these schedule 
II narcotics and special regulations governing their accessibility and storage, field biologists 
needing to immobilize wild elk often use less effective drugs requiring large volumes and 
having adverse side effects.  
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Germano, R. Germano, M. Germano, M. Georgi, B. Perez, and J. Anderson, who 
helped conduct censuses at one or both sites.
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