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ABSTRACT 

Remote sensing systems such as camera traps can aid in the conservation and 

protection of wild vertebrates. The Trailmaster® 500 system is one of the most 

effective and versatile of these systems. The remote locations that these camera traps 

are often applied in, typically support low densities of medium to large mammals, and 

hence the incorporation of attractants into these systems has gone largely 

unquestioned. This study aimed to test the effect of bait and commercial lures on 4 

key functions of the Trailmaster® 500 system, including frequency of detections, 

number of species detected, time till detection and efficiency of the system. Data 

were co11ected over a 2-month period, from 8 pairs of camera stations in Lassen 

Volcanic National Park, California. Each pair consisted of 1 baited and 1 un-baited 

station located within the same habitat type. The bait applied was a combination of 

chicken and commercial lures. Through the application of non-parametric statistical 

tools, it was established that attractants can alter several indicators of camera success. 

Significantly higher capture rates, at baited stations, were documented for American 

marten (Martes americana) and the vertebrate subgroup carnivores. Attractants also 

enhanced the efficiency of traps by increasing the capture rates per active night and 

lessening the time until first detection. However, the potential for deterrence of 

various species and the possibility of drawing in individuals from adjacent areas has 

also been highlighted. These findings have shown that the application of attractants 

can both positively and negatively impact the use of camera traps in wild vertebrate 

research, and thus their incorporation into remote sensing systems requires careful 

consideration. 
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INTRODUCTION 

Immense losses of terrestrial vertebrates are occurring across the globe 

(Wilson 2002; http://www.redlist.org/), demonstrating the need for greater knowledge 

and understanding of these animals (Wilson et al. 1996). It has widely been accepted 

that for this to be truly achieved, wild vertebrates must be studied in their natural 

environments (Dasmann 1975). The problems associated with wildlife research have 

long been recognized (Elton 1993, Leopold 1933). Far-ranging, nocturnal or cryptic 

species in remote settings present inherently inaccessible and complex problems 

(Mace et al. 1994). Traditional methods employed to study vertebrates in remote 

environments include faecal counts, drive counts and snow tracking techniques 

(Bookhout 1994, Wilson et al. 1996), to mention but a few. However, these methods 

provide limited data on species activity, health and general behaviour, and may lead 

to inaccurate identification of species as they are subject to ground-surface, climatic 

and observer variability. They are also highly labour intensive and often require 

calibration before yielding absolute numbers (Seydack 1984, Zielinski and Kucera 

1995). 

Live trapping is a less subjective method and yields reliable information on 

types and abundance of species, but does not provide details on activity levels (Hicks 

et al. 1998). This can be circumvented, to some degree, by attaching timing devices 

to trap doors. However the problem still remains that by removing individuals, the 

population size that may be caught later on is reduced and hence activity invariably 

decreases (Sequin 2000). This method is also confined to accessible areas and may 

cause some degree of distress and harm to trapped individuals, which has resulted in 

restriction of its use when dealing with endangered or rare species. Live trapping is 

often combined with radio-telemetry, which allows for activity to be measured. 

However, this method is still constrained by small numbers of animals that can be 

tagged simultaneously, uncertainty about untagged animals, the invasiveness of the 

method and the high cost and effort involved (White and Garrott 1990). 

In summary, none of the aforementioned systems can meet the following 5 

requirements simultaneously: 1) Portability and durability, thereby allowing systems 

to be applied in a broad variety of conditions; 2) Ability to work continuously for 

lengthy periods of time, independent of observers; 3) Low cost and simple to use; 4) 

Minimal impact on the target species or the surrounding environment; and 5) Provides 
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physical results that can be cross-examined thereby minimizing bias. Without these 

capabilities, remote sensing methods are unable to account for 3 essential 

characteristics of many terrestrial vertebrate species: secretiveness, rarity and 

remoteness, thus greatly limiting our knowledge to accessible areas and insensitive, 

common species. 

It was these shortcomings that prompted the development of automated 

camera trapping systems. These systems operate independently of observers as the 

animals themselves cause the closure of an electric circuit, which aIIows for a 

photograph to be taken. Camera traps have been used for over 4 decades (Kucera and 

Barrett 1993), with the early systems often incorporating electronic eyes, trip lines 

and pressure plates as the shutter-activating mechanism. However, many of these 

systems had heavy power requirements due to flash gun capacitors. They often 

required A.C. power sources or expensive bulky battery packs and were therefore not 

truly portable (Dodge and Snyder 1960). They were also relatively complex and did 

not incorporate film advance mechanisms and so could only take a single photograph. 

Hence it was not till the invention of lightweight, low power demanding systems, 

which could detect animals continuously over large areas for lengthy periods of time 

that the true benefits of automated photography were seen. 

Two of the most versatile of these systems are the Trailmaster® (TM) 1500 

and TM 500 camera systems (http://www.trailmaster.com). These units have, to date, 

been used in a variety of wildlife research, ranging from characterizing the activity 

patterns of kangaroo rats (Dipodomys sp.} in Sierra Nevada deserts (Sequin 2000) to 

estimating tiger (Pant/Jera tigris) densities in deciduous Indian forests (Karanth et al. 

1998). These camera systems are weatherproof, compact and highly portable. They 

have low energy requirements and can operate independently in the field for over 30 

days, which allows an array of them to detect species continuously over a large area. 

They are non-invasive, allow for detailed temporal questions to be addressed and 

provide more permanent and less disputable proof (high-quality photographs} than 

many other remote sensing techniques. 

The aforementioned attributes of TMs aIIow for them to be established in 

remote settings, which are often hash and can sustain only low densities of terrestrial 

vertebrate life. Hence it is intuitive that one should incorporate some form of 

attractant (bait or scent} when TM cameras are applied in such areas. However, if the 

same form of un-baited trap is not established in conjunction with the baited trap then 

3 
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this variable (attractant) has not been controlled for. This is particularly problematic 

when using these systems to inventory habitats. Bait may draw in individuals from 

adjacent areas, thereby providing unrepresentative data. In the words of Cutler and 

Swann (1999): "A disadvantage (of camera traps) was the use of bait to attract 

animals, because individuals react differentially to bait." Hence by providing 

attractants alter the behaviour of animals can be alltered, which in tum may bias the 

researcher's raw data. 

When un-baited stations have been employed, they have often been placed 

along known lines of migration, such as paths and game trails (Karanth et al. 1998). 

Again, this may bias data, as traps will not be randomly placed (Wilson et al. 1996). 

Hence any study that seeks to estimate abundance or activity of vertebrates, using this 

method, may yield inflated results that are unrepresentative. To date, these 

possibilities have not been thoroughly researched and it was for this reason that this 

study was carried out. 

Goals and objectives 

Specifically, this study addressed the question of "how does bait affect the 

detectability of terrestrial vertebrates by camera trapping systems?" This question 

was tested by comparing between 8 pairs of baited and un-baited camera stations in 

Lassen Volcanic National Park, where a mammal surveying program was already in 

place. The park made use of 8 un-baited cameras to detect species that cannot be 

detected by pitfall and Sherman traps, i.e. medium to large mammals such as 

lagomorphs, coyotes, black bear etc. Through the incorporation of theses cameras, the 

park also hopped to obtaining information on Sierra Nevada red fox (SNRF), a state 

threatened species 1, and marten, a species of special concern,. 

1 This is a classified subspecies ofred fox: Vulpes v11/pes necator 
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The overal1 aims of the project were: 

1. To determine if bait significantly alters the frequency of detections for TM 

500 camera traps. 

2. To determine if the total number of species detected at baited and un-baited 

stations differed. 

3. To determine if bait affects the efficiency of TM 500 camera traps. 

4. To determine if bait alters the time to detection (latency) of TM 500 camera 

traps. 

5. To establish if the use of a standard index provides a reliable means of 

comparison. 

Study area 

Lassen Volcanic National Park (LVNP) is situated in northern California near 

the southern terminus of the Cascade Range (40°30'N, 121°30'W)2
• The park is 

430Km2 in area and forms a junction between the ecosystems of the Great Basin, 

Sierra Nevada and Cascades, resulting in large overlap in flora and faunal species 

(http://www.nps.gov/lavo/home.htm). As the name suggests, the park has a long 

history of volcanic events, the most recent of which was the eruption of Mount 

Lasssen (1915) where 18.13km2 of forestland were destroyed by pyroclastic and lava 

flows. As a result of this activity, park soils are general1y acidic and range from over a 

metres in depth at lower elevations to extremely thin or non-existent at higher 

altitudes. 

The park' s range of elevation stretches from 1 524m to 3 048m, comprising 4 

of Merriam's life zones: Transition, Canadian, Hudsonian and the treeless Alpine 

zone. However, due to its unique make-up of soils and location, many plants 

occurring in Lassen form anomalies to many of these life zones e.g. Abies concolor 

has a higher elevation optimum than Pinus je!freyi in L VNP, whereas it has a lower 

elevation optimum than Pinus jeffreyi on the western slope of the Sierra Nevada. 

2 See Fig. I for parks location. 
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The climate of LVNP is of an upland subtropical dry (Mediterranean) summer 

type, characterized by cool snowy winters and warm dry summers. Precipitation 

varies across the park with mean annual rainfall at Manzanita Lake of 104.9cm and 

135.Scm in Mineral3
. Monthly temperatures vary park-wide from-1.1°C in January to 

16.9°C in July but have been known to be as high as 38 °C and as low as -26 °C. As a 

result of this great geological and climatological variety the park boasts a rich 

biological diversity, with over 700 species of flowering plants providing habitat to 

some 250 vertebrates. 

Prior to the mid-1800s, the area currently covered by L VNP was controlled 

and utilized under low-density hunter/gatherer systems of three separate Indian tribes. 

However, after the arrival of the first Europeans, communication networks were set 

up and commercial logging, hunting and ranching operations dominated the area until 

the establishment of the park in 1914, which included 79 000 acres of designated 

wilderness (under the 1964 wilderness act). 

3 Manzanita Lake is situated in the north west portion of the park and Mineral is approximately 6 miles 
south of the parks southern boundary. 

6 
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Fig.1: Location of Lassen Volcanic National Park 

Oregon 

San Francisco 

Lassen Volcanic 
National Park 

Nevada 

7 

Arizona 

Mexico 



- CJ Fi~ CJ c:J CJ c:J C::l c=J CD CI2l 

Location of Camera stations within the four habitat types 
Lassen Volcanic National Park 

·~ .... ~";. 
... 

'• 
\ · ... ~ . 

\ 
·· .......... ,. ... :;, 

~;· 

:=-:.·.:\ .. .. . .... 
: ·· .... f •. 

0 

~ 

: 

.:;~·--···-·······-~ ~-··, {. .jJ \ ,, __ .... ...... ~ 
i . \ ·····~-.... .. ·~)/ \1 . . ., 

;· - ···::·-.. /;.~ 
t· ... ·······~-.-~·r·:: . . . 
~ i ft ...... . ... 

• ,.,..,··· -.:.. : j \ \ ~ ! ; -, : \ .... ':! / {f: ... /· \•·· .... 
} ~. ,.·· . :' " 
":. .... .. ~-1'1·....... • ') } 
. : ~ -.. \ .-~ ' . . . . ... . '~- , ...; ' •• , __ _, i ., 

. , .-)' ·~._/ . .. ( / \ • :• ·~-1\ : t • •. • /: ~ '; \ . . ·-; 

\:-·, f i ) ~ .-c- 8- ; .-· \ µ,, __ ,,.. .• ~ rNil 1 . ....... .. •' ~. : .. . .. .r '. ,.. ,.. ,· 
r. .. ~ , ...... , ... )""~ ... ,( .. .~··~i,.,f ( ·-·.··-···!It ./' . . . . • J.J • . . . . . 

.... .... J •• . ,,.,.._,. ~ _,.._ \ .... . :. ... , ..,. L·' r . '• \ ·'· . ! .. ,. ___ I •.• 

I 

·' r • "- '··· " ...... '· ,,,. ·. . .- ... :-........ ·' ...... " 
-1- J'- J" ' ' · "" ·--... ! '"·. "'. 

~"•. / .. .. ' " ····- ··.. .., .. 
.,· ! .r'"'"··- '•· '. 'i . • R-1 ~ ,. .. L · -~-:· •. -~·~P'"-'"' ' I ·-·· '1' ., ~-• •••• r\ • '·· , l ·;..,. i ~/ .... .,/ 

... 

.: 

" 

·•~ s 

2.5 5 Miles 

• v ~ ... 

)

• -.:·.. ' J' ., 

.... ~ r 
,J' "'' •• • .--~!:• I .. ·. 

•••• .I"' ... "' .. 

8 

Legend 
Oeoundary 
~ Plots 

0L8kes 
Road Type 
t\l:DlrtfGravel 
'A"".4Paved 
~··~· rrau . ~ 

cr::J o::J CJ C'-J (_ 



J 
D 

D 

D 

0 
8 
8 
0 
0 
0 
D 
0 
B 
0 
0 

0 
tl 
~ 

0 
l 

METHODS 

Equipmelll 

Each camera station employed a 35-mm camera, modified to be triggered by a 

TM 500 dual sensor4
, which emits a field of both microwave and passive infrared 

(PIR) pulses. Working simultaneously, these detect motion and changes in ambient 

temperatures respectively, (a detection is tenned an event). The TM 500 is fully 

adjustable and can be tailored to suit the researcher's specific needs. The emitted 

field ranges up to 1 lm from the sensor and can be restricted to a desired distance and 

area by obstructing the sensor's PIR window. The length of time the field must be 

broken before an event is recorded, is adjustable from 0.05 to 1.5 seconds (pulses and 

pt). The length of time between successive photographs (camera delay) can be 

adjusted from 0.2 to 98 minutes5
• Finally, the system can be set such that the sensor 

only triggers the camera during 2 separate time periods. The sensor includes an event 

recorder that stores the date, time, event number, and frame number (if a picture is 

taken) each time an animal is detected. The system is powered by 4 alkaline C-cells, 

which last approximately 30 days of continuous operation. 

The cameras used with the TM 500 sensor are equipped with a clock that can 

imprint the date and time on each photograph. The flash on each camera can be set to 

off, automatic (as required by available light), or to continuously on with every 

picture, (fill-in mode). The flash can illuminate up to 4.5m with 100-ASA film and 

9m with 400-ASA film. The camera is powered by 2, 3-v lithium batteries that will 

suffice for approximately 10 rolls of 36-exposure film. The units are supplied with an 

8-m electrical cable to connect the sensor and camera, a metal bracket that shields the 

top and back of the camera as well as a 10-cm, collapsible tripod. 

Field Methods 

The location of the park's small mammal monitoring program fonned the 

basis of camera trap placement in this study. There are 4 broad habitat types in the 

park (Mayer and Laudenslayer 1988). Using the park road as a transect, 4 pairs of 

camera stations were established in high and low elevation equivalents of the 4 habitat 

4 See appendix 9 for photographs of the TM 500 system. 
s In this study the following settings were applied: Pulses: 2, Pt: 2, Camera delay: 3.0. 
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types, yielding 16 stations in total (Fig. 2). Each pair consisted of a baited and un­

baited station6
• Cameras were placed on an open, flat area at least 50m from the road 

and 200m from one another. The camera and sensor were mounted on a suitable tree, 

at a height of approximately I.Sm. They were positioned such that they faced 

northward and so that the sensor's area of sensitivity was no more that 4m from the 

base of the tree and central to the camera's field of view. Each station was marked 

with flagging and UTM co-ordinates were established using a Trimble GeoExplorer 

GPS. These co-ordinates were later differentially corrected using the program 

"Pathfinder Office 2.9". 

The bait used at 8 of the stations, consisted of 2 legs of rancid chicken wired 

to a medium-sized rock placed in the sensitive area. Also, 2 splashes of fox urine and 

2 pea-sized blobs of the commercial stink 'Canine Call' were placed on or near the 

rock. Canine Call was also added to 2 elevated positions (branches, snags etc.) no 

more that 4m from the sensitive area. To avoid wildlife interfering with the camera 

system, baiting and camera checking were done by different individuals, thereby 

minimizing any chance of bait or lure odours being left on the camera equipment. 

The cameras were checked every 3 days. At each check the date, time, events 

and number of exposures were recorded, the sensitive area cleared of any plant debris, 

and any damage to the equipment repaired. Also, film, batteries or stolen systems 

were replaced as needed. At the baited stations the site was always re-baited even if 

the bait had not been removed. During each check the sensor was assessed for any 

sun-splash problems, (false triggering of the system through direct exposure, or 

reflection of solar radiation onto the sensor's PIR window). This was done by 

scrolling through all the events since the last check and observing any obvious 

patterns occurring over the past days. If a problem period was identified, then the 

sensor was turned off for this period of the day. 

The frames from each roll of film were scored by recording the date and time 

for each photo. The frames were then scanned, using a magnifying glass, for 30 

seconds. If no animal could be seen it was recorded as a 'miss'. If an animal could 

be identified, then it was entered as a 'hit' and the species recorded. If it was obvious 

that some animal had triggered the photo, but it could not be positively identified, the 

photo was recorded as a 'drop'. Since drops demonstrate the efficient functioning of 

6 For further details on habitat definition and choice of camera placement see reference: LA VO 2001. 
A summary of monitoring activities for 2001. 
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the camera and sensor, these data were pooled with hits. The term 'capture' defines 

the frames where identifiable animals were photographed. 

At each of the stations, over-story density (canopy coverage) was estimated. 

This was done using a spherical densiometer. One reading was taken at the base of 

the tree and then 4 readings were taken in each of the 4 cardinal directions; the 

average of these samples gave an estimate of over-story density to the nearest 10 

percent. 

Statistical methods 

Comparisons between baited an un-baited stations were carried out on 2 

different data sets, a 21-night scenario and a 100-night scenario. Since the 

Trailmaster® camera traps employed in this study yield a catch-per-unit-effort index, 

any analysis that compares across different effort levels could be biased. To avoid 

this bias, data were compared across 21 active trap nights (ATN), which was the 

largest number of ATNs recorded by all stations. However, this 21-night baseline 

greatly reduced the size of the available data set, (6 stations ran for more than double 

this duration). Hence, to avoid this restriction a standardized, 100-night index was 

employed. This index was calculated by simply dividing either the number of frames 

or the number of species per station by the number of A TNs at that station and then 

multiplying by 100. 

All data analysis was carried out using EXCEL and SPSS 10. Throughout this 

study the standard alpha (significance level) of 0.05 ( 95%) was employed. Before in­

depth analysis began, the distribution of the data within each data set was tested for 

normality using the Kolmogorov-Smimov test.. This showed both data sets to be 

non-normally distributed (Appendix 5). 

The first method of analysis was a Wilcoxon matched-pairs signed-ranks test 

(WMPSRT). Executed in SPSS IO, this test was used to evaluate if any significant 

differences between baited versus un-baited stations existed for the number of 

captures, efficiency or number of species detected. This test is the non-parametric 

equivalent of the paired t-test. It therefore does not assume the data to be normally 

distributed. However it requires a minimum sample size of 6 pairs, assumes pairs are 

related, and that the data are ordinal and on a continuous scale. The main advantage 

of this test is that, because it assumes data to be 'matched' (through habitat in this 

11 
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case), the confounding effect caused by extraneous variables is minimized. The test is 

a powerful test that utilizes information on both the direction and magnitude of a 

difference. Hence, it is more likely to detect differences where the size of the 

difference is larger, thus preventing the researcher from making Type I errors. 

However, since this study was constrained by small sample size, this test could only 

be applied to 9 pairs in the 100-night scenario and 8 pairs in the 21-night scenario. 

The Mann-Whitney U test is the non-parametric equivalent of the independent 

samples t-test. It is a less powerful test than the Wl\1PSRT, but it does not require a 

minimum sample size and hence was attractive for use in this study. Again, this test 

does not assume the data to be normally distributed, nor does it assume that the 2 

groups in question are related. However, it does assume the data are at least ordinal. 

This test was executed in SPSSIO to detect any significant differences between baited 

versus un-baited stations for the number of captures, efficiency or number of species 

detected. 

All pairs that are significantly different have been displayed as box plot 

figures (Figures 3-9). Whereas the p-value simply shows if a test is significant, the 

box plots (created in SPSSlO) allow for the degree of variation between pairs to be 

displayed. Box plots illustrate the inter-quartile range, the effect of skew on the 

median and the existence of outliers. 

The final non-parametric test employed in this study was the Spearman rank 

correlation coefficient. This test demonstrates the level of association between two 

variables through its statistical 'r' value. As the name suggests, the test requires the 

data to be measured on at least an ordinal scale. This test was used to measure the 

level of association between the 3 measures of efficiency and canopy coverage. 

The 3 measures of efficiency were calculated in EXCEL for all 16 stations. 

The first measure (el) is the ratio between the number of captures and the total 

number of frames. The second measure ( e2) is the ratio between the number of A TN 

and the total number of nights that the cameras were in operation for. The final 

measure of efficiency (e3) is the ratio of captures per ATN. 

Cumulative frequency graphs were used to examine the relationship between 

the length of time all stations were in operation and the proportion of stations that 

recorded a given species or subgroup. These graphs were created for each species and 

subgroup. However, limiting sample size allowed for representative comparisons of 

latency to be carried out only on the 3 main subgroups (small and large mammals and 

12 
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birds}. It was also carried out on American marten and SNRF. as these were species 

the park was particularly interested in. However, the graph for SNRF was not 

included as this species was only detected at 1 station. 
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RESULTS 

Summaries of the trapping effort and the overall resuJts are provided in 

Tables 1 and 2. Additional details are provided in appendices. Golden-mantled 

ground squirrels were the most commonly detected species (Table 2). They belong to 

the subgroup (small mammals) that registered the highest number of frames of any 

subgroup (Table 2). It can also be seen that for all mammal species, with the 

exception of mule deer, an equal or higher proportion of frames was recorded at 

baited stations than at un-baited stations (Table 2). A similar pattern was apparent for 

the bird species detected, with 53 percent of bird species registering higher frame 

numbers at baited stations than at un-baited stations (Table 2). Although a larger 

proportion of captures and species were observed at baited stations7
, this increase 

rarely resulted in a significant difference in the number of captures recorded between 

the 2 treatments (Tables 5-7). 

Note that the sample size in this survey restricted the use of the WMPSRT to 

just 7 categories under the 21-night scenario, and 8 categories under the 100-night 

scenario (Table 5). This resuJted in a test of relatively low power. The results of the 

WMPSRT suggested that when comparing across a constant level of effort (21 nights) 

the only significant difference between baited and un-baited stations occurred when 

all species were pooled and for the carnivore subgroup. However, when the 

standardized index based on 100 nights of effort is employed (incorporating the entire 

data set), the same differences remain (or become more significant), plus an additional 

5 more differences are judged significant. Of these 5 the only 1 that comes close to 

displaying a difference in both scenarios, is the large mammal subgroup, where a 

significant difference at the 10% level is given under the 21-night scenario (Tables 5; 

Figures 3-9). 

When a comparison of baited and un-baited stations was made using a 

constant number of trap nights, it was evident that over two thirds of all the animals 

detected in this study were recorded at baited stations (Table 6). However, the Mann­

Whitney U Test detected no significant difference between the total number of frames 

recorded at baited versus un-baited stations under the 21 nights scenario (Table 6). 

This pattern holds true for all species with the exception of marten and the subgroups 

7 Baited stations totalled 25% more captures and 30% more species. 
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carnivores and large mammals. In the case of marten it can be stated that this species 

occurred significantly more frequently at baited stations than it did at un-baited 

stations. The same can be said for large mammals and carnivores where 71and99 

percent more captures were recorded at baited stations, respectively (Tables 6-7). 

Of all the subgroups, small mammals were the most common, making up 44 

percent of the total number of captures recorded over the 21-night period (Table 6). 

Here, 39 percent more frames were registered by baited stations, but again no 

significant difference was found. 

Of the 7 species of larger mammals detected in this study, mule deer was the 

only ungulate. However it was the most commonly detected large animal in the park 

(over the 21-night period), found at the greatest number of stations (14), and made up 

18 percent of the total number of frames recorded over the 21-night period. Although 

1.5 times more mule deer were detected at un-baited stations than at baited, the 

WMPSRT showed no significant differences. This is likely to represent a Type II 

error resulting from the small sample size and consequent low power of the test 

(Table 5). 

The only other species that came close to exhibiting a significant difference 

between the 2 treatments was the Douglas squirrel. This species showed a significant 

difference in the number of frames recorded between the two treatments at the 10% 

level (Table 6; Figs. 3a,3b). 

Table 7 shows the results of the Mann-Whitney U test conducted over 100 

active trap night index, that incorporated the entire data set. Here the general trend 

still remains: for most species except for marten and the subgroups carnivores and 

large mammals, no significant differences are seen between baited and un-baited 

stations. However, a major change is that now the total number of frames between 

the 2 treatments moves from being significant at the 10 percent level to the 5 percent 

level, despite the fact that the relative proportion of individuals at baited and un-baited 

stations has remained virtually the same (difference of 0.2 percent). 

Apart from this development the only other major changes that can be seen is 

that the difference between the number of frames detected for black bear at baited and 

un-baited stations is now significant at the 10 percent level. Also, for the subgroup 

birds, their level of significance increases by 19 percent but still remains insignificant 

at both the 5 and 10 percent levels. Overall, the proportion of frames recorded per 

15 
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species did not change significantly with a slight decrease in the proportion of birds, 

an increase of 7.1 percent in small mammals and a drop of 6.2 in the percentage of 

large mammals. 

When comparing efficiency between the two treatments, it is evident that 

baited stations recorded significantly more captures per night, when active, than un­

baited stations, however they were not significantly more active than baited stations 

(per field night), nor did they record greater capture rates per photo taken (Table 3). 

The results of the WMPSRT shows that baited stations detected significantly 

more species that un-baited stations. In both treatments, 50 percent of the total species 

recorded were detected in the first 6 to 8 days (Figs lOa, lOb). There was a rapid 

increase in the number of new species detected in the first 5 days and then a slow 

down until approximately day 15, after which another increase occurred. A slight 

levelling off in number of new species detected was seen after 20 days in both 

treatments but no true asymptote was reached (Figures lOa, lOb ). The proportion of 

new species detected per day did not remain constant over time. A general decrease 

can be seen, in both treatments, in the average number of new species detected per 

night; e.g. the un-baited stations detected on average 1.2 new species per day by day 5 

and an average of 0.85 per day by day 20. 

As the number of days increased, there was a more than proportionate increase 

in the number of frames recorded at both baited and un-baited stations, e.g. by day 10 

baited cameras were recording on average 16.6 frames per day and by day 20 they 

were recording 21.9 frames per day (Figs Ila, llb). Hence the number of frames 

recorded is not constantly increasing as the number of days increase. This finding is 

reinforced by the fact that days and frames are highly positively correlated (Tables 9a, 

9b). 

It took 3 days before 50 percent of all stations had detected a large mammal. 

Ninety percent of stations had detected a large mammal by day 17, with no more 

detections occurring for another 9 days (Fig 12a). Over 50 percent of baited stations 

had detected a large mammal within 24 hours, whereas it took over 24 hours for half 

of the un-baited stations to have detected a large mammal (Figures 12b, 12c). Also, 

baited stations received just under 90 percent of their detections 7 days earlier than 

un-baited stations (Figures 12b, 12c). 

16 
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From the initial date of set-up until day 6, camera stations were registering 

their first detections of small mammals on a daily basis. Over 50 percent of stations 

had detected a small mammal by day 5, and just under 90 percent of stations had 

detected a small mammal by day 17. with an additional detection occurring 11 days 

later (Figure 13a). Half of the baited stations had registered small mammals by day 3, 

whereas it took the same proportion of un-baited stations 10 days longer (Figures 13b, 

l3c). 

As seen from figure l4a, over one third of all the camera stations had detected 

a bird species within 24 hours of their establishment; however, only 2 more stations 

detected a bird species within the next fortnight. After day 15, an initial jump in 

detections was followed by a slow increase until day 31, when over 90 percent of the 

stations had recorded at least one bird species. It took a further 10 days for the final 

station to detect a bird. 

From Figure 14b it can be seen that un-baited stations detected birds across 

three clear intervals: in the first 24 hours, then between days 15 and 16 and again 

between days 26 and 27. The baited stations (shown in 14c) followed a similar 

pattern to Figure 14a, with a sharp initial increase and then a staggering of detections 

till day 19, when 80 percent of stations had detected a bird species. 

Figure 15 was typical of most mammal species recorded in this study. It 

clearly shows a sharp increase in new detection of American marten from the initial 

day of set up to day 6, following which the 2 final detections occured 12 and 16 days 

later. The graph for SNRF was not included as its shape was not conducive to 

establishing optimum effort levels (it was a straight line). SNRF were detected at 

only 1 baited station, within 24 hours of trap establishment. 
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Tables and Figures 

Table 1: Summary of total active trap nights. captures and species at baited and un-baited stations 

Site Active Trap Ni2hts Total Captures Total Species 

Un-baited stations 
Bl-02 46 18 7 
B2-02 45 60 6 
Fl-02 47 11 5 
F2-02 46 27 5 
Rl-02 47 15 4 
R2-02 49 17 4 
Sl-02 30 31 6 
S3-02 21 38 9 
Total un-baited 331 217 19 

Baited stations 
81-X 25 26 9 
82-X 25 70 10 
Fl-X 33 54 6 
F2-X 23 72 8 
Rl-X 24 13 5 
R2-X 24 14 3 
Sl-X 24 36 7 
S2-X 30 78 14 
Total baited 208 363 28 

Total 539 580 30 
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Table 2: Total number of frames for each species detected over the entire sample period 

Common name Scientific name Captures Un-baited Captures Baited 

Sharp Shinned Hawk IAccipiter stiatus 1 1 
Blue Grouse Dendragapus obscurus 2 2 
California Quail Callipepla cal(fomica 0 1 
Mountain Quail ()reortvxvicta 1 0 
Northern Flicker Colaptes auratus 3 0 
Stellers Jay Cyanocitta stelleri 4 1 
Grev Jav Perisoreus canadensis 0 3 
Clark's Nutcracker Nucifraga columbiana 6 5 
Common Raven Corvus ossifragus 0 13 
White breasted Nuthatch Sitta carolinensis 0 2 
Hermit Thrush Catharus guttatus 0 3 
American Robin Turdus migratorius 11 6 
Yellow-rumped Warbler Dendroica coronata 0 1 
Dark-eyed Junco Junco hyemalis 1 3 
Fox Sparrow Passerella iliaca 0 1 
Snowshoe Hare Lepus americanus 1 2 
Chipmunk Tamiasspp. 34 55 
California ground sQuirrel Citellus tridecemlineatus 3 3 
Golden-Mantled Ground Squirrel Spennophilus lateralis 44 71 
Western Grav SQuirrel Sciurus ~riseus 1 1 
Douglas SQuirrel (Chickaree) Tamiasciurus douglasii 24 36 
Deer Mouse Peromyscus maniculatus 2 8 
Common Porcupine Erethizon dorsatum 1 2 
Coyote Canis Latrans 0 1 
Red Fox Vulves vulpes 0 19 
Grev Fox Urocyon cinereoargellleus 0 9 
Black Bear Ursus americanus 5 21 
American Marten Martes americana 2 61 
Bobcat Lynx rufus 0 l 
Mule Deer (Black-tailed Deer) Odocoileus hemionus 71 31 
Total 217 363 

Birds 29 42 
Small Mammals 109 176 
Carnivores 2 90 
Large Mammals 79 145 
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Total 
Captures 

2 
4 
1 
1 
3 
5 
3 
11 
13 
2 
3 
17 
1 
4 
1 
3 
89 
6 

115 
2 

60 
10 
3 
1 

19 
9 
26 
63 
1 

102 
580 

71 
285 
92 
224 
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Table 3: Comparison of efficiency between baited and un-baited stations. Significant 
differences are shown in bold 

Un-baited Baited 

Average efficiency (el} 0.388 0.468 

Wilcoxon 

Z Statistic P-value (2 tailed) 

Baited vs. Un-baited (el) -0.98 0.326 

Average efficiency (e2) 0.797 0.735 

Wilcoxon 

Z Statistic P-value (2 tailed) 

Baited vs. Un-baited (e2) -1.12 0.263 

Average efficiency (e2) 0.759 1.749 

Wilcoxon 

Z Statistic P-value (2 tailed) 

Baited vs. Un-baited (e2) -2.521 0.012 

Table 4: Comparison between number of species detected at baited and un-baited stations both for 21 
and 100 trap nights. Significant differences are shown in bold 

Wilcoxon 21 nie:hts Wilcoxon 100 nie:hts 
Z Statistic P-value (2 Tailed) Z Statistic P-value (2 Tailed) 

Species -2.132 0.033 -2.521 0.012 
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Table 5: Table showing the level of difference jn the number of captures at baited und un-baited stations 
given by the Wjlcoxon match-pairs signed-ranks test for both 21 and 100 actjve trap nights. Signjficant 

differences are shown in bold. 

Wilcoxon 21 nights Wilcoxon 100 nights 

Group Z Statistic P-value (2 Tailed) Z Statistic P-value (2 Tailed) 

Birds -0.108 0.914 -0.980 0.327 
Chipmunk -0.105 0.916 -0.338 0.735 

Douglas Squirrel -1.179 0.238 -2.366 0.018 
Small Mammals -1.187 0.235 -2.240 0.025 

Black Bear* NIA NIA -1.992 0.046 
Mule Deer -1.020 0.308 -1.120 0.263 
Larf,?;e Mammals -1.612 0.107 -2.100 0.036 

Carnivores -2.366 0.018 -2.366 0.018 

Total -2.375 0.018 -2.521 0.012 

* The Wilcoxon matched-pairs signed-ranks test could not be applied to black bear under the 21 nights 
scenario as there were less than 6 recorded pairs. 
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given by the Mann-Whitney U test for 21 active trap nights. Significant differences are shown in bold 
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Species 

Sharp Shinned Hawk 
Blue Grouse 
California Quail 
Mountain Quail 
Northern Flicker 
Stellers Jay 
Grey Jay 
Clark's Nutcracker 

Common Raven 
White breasted Nuthatch 
Hermit Thrush 
American Robin 
Yellow-rumped Warbler 
Dark-eyed Junco 
Fox Sparrow 

Birds 

Chipmunk 
California ground squirrel 
GM Ground Squirrel 
Western Grev Squirrel 
Douglas Squirrel 
Deer Mouse 

Small Mammals 

Common Porcupine 
Coyote 
Red Fox 
Grey Fox 
Black Bear 

American Marten 
Mule Deer 
Carnivores 

Large Mammals 

Total 

Mann· Whitney 

U Statistic P-value (2 tailed) 

28.000 0.317 
32.000 1.000 
28.000 0.317 

28.000 0.317 
24.000 0.144 
31.500 0.927 

28.000 0.317 
29.000 0.644 
24.000 0.144 
28.000 0.317 
28.000 0.317 
28.500 0.654 
28.000 0.317 
32.000 1.000 
28.000 0.317 

22.500 0.301 

30.000 0.826 
31.500 0.927 
23.500 0.340 
32.000 1.000 
16.500 0.092 
31 .500 0.927 

24.000 0.397 

28.000 0.317 

28.000 0.317 
28.000 0.317 
28.000 0.317 

21.000 0.184 

14.000 0.030 
23.500 0.364 

5 0.0029 

10.500 0.023 

16.000 0.092 
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Percentae.es 

% Un-baited % Baited % Total 

100.0 0.0 0.3 
50.0 50.0 0.5 
0.0 100.0 0.3 

100.0 0.0 0.3 
100.0 0.0 0.8 
66.7 33.3 0.8 

0.0 100.0 0.3 
54.5 45.5 2.8 
0.0 100.0 3.4 

0.0 100.0 0.5 
0.0 100.0 0.8 
50.0 50.0 2.6 
0.0 100.0 0.3 
50.0 50.0 0.5 
0.0 100.0 0.3 

36.4 63.6 14.2 

29.0 71.0 16.1 
25.0 75.0 1.0 
22.8 77.2 14.8 

50.0 50.0 0.5 
43.2 56.8 9.6 
28.6 71.4 1.8 

30.2 69.8 43.8 

100.0 0.0 0.3 
0.0 100.0 0.3 
0.0 100.0 4.1 
0.0 100.0 0.8 
19.0 81.0 5.4 

2.0 98.0 13.2 

59.4 40.6 17.9 
1.41 98.6 3.57 

29.0 71.0 42.0 

30.6 69.4 100.0 
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Table 7: Table showing the level of difference in the number of captures at baited und un-baited stations 
given by the Mann-Whitney U test for 100 active trap nights. Significant differences are shown in bold 

Mann-Whitney Percenta2es 

Soecies U Statistic P-value (2 tailed) % Un-baited % Baited % Total 

Sharp Shinned Hawk 31.500 0.927 44.4 55.6 0.4 
Blue Grouse 29.000 0.644 45.0 55.0 0.6 
California Quail 28.000 0.317 0.0 100.0 0.2 
Mountain Quail 28.000 0.317 100.0 0.0 0.1 
Northern Flicker 24.000 0.144 100.0 0.0 0.6 
Stellers Jay 28.000 0.538 75.3 24.7 0.8 
Grey Jay 28.000 0.317 0.0 100.0 0.5 
Clark's Nutcracker 29.000 0.644 62.2 37.8 2.3 
Common Raven 24.000 0.144 0.0 100.0 2.6 
White breasted Nuthatch 28.000 0.317 0.0 100.0 0.3 
Hermit Thrush 28.000 0.317 0.0 100.0 0.5 
American Robin 29.500 0.763 64.2 35.8 3.1 
Yellow-rumped Warbler 28.000 0.317 0.0 100.0 0.2 
Dark-eyed Junco 28.000 0.538 30.2 69.8 0.8 
Fox Sparrow 28.000 0.317 0.0 100.0 0.2 

Birds 17.000 0.114 41.1 58.9 13.2 

Snowshoe Hare 31.500 0.927 21.7 78.3 0.5 
Chipmunk 30.500 0.874 31.9 68.1 16.5 
California ground squirrel 31.500 0.927 35.7 64.3 0.9 
GM Ground Squirrel 28.000 0.661 25.9 74.1 20.3 
Western Grey Squirrel 31.500 0.927 33.3 66.7 0.3 
Douglas Squirrel 16.500 0.102 38.1 61.9 10.6 
Deer Mouse 28.000 0.538 26.8 73.2 1.8 

Small Mammals 23.000 0.345 30.6 69.4 50.9 

Common Porcupine 31.500 0.927 21.0 79.0 0.5 
Coyote 28.000 0.317 0.0 100.0 0.2 
Red Fox 28.000 0.317 0.0 100.0 3.2 
Grey Fox 28.000 0.317 0.0 100.0 1.9 
Black Bear 16.500 0.082 11.5 88.5 4.8 

American Marten 14.500 0.035 2.0 98.0 10.8 
Bobcat 28.000 0.317 0.0 100.0 0.2 
Mule Deer 22.500 0.318 60.0 40.0 14.2 
Carnivores 5 0.0029 1.36 98.6 16.1 

Large Mammals 5.000 0.005 26.3 73.7 35.8 

Total 12.000 0.036 30.4 69.6 100.0 
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LJ Fig 3a: Chart comparing differences in number of captures at baited (1) and un-baited (0) stations for 

douglas squirrels across 21 active trap nights (U: 16.5 P-value: 0.092; Z: -1.179 P-value: 0.238) 
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Fig 3b: Chart comparing differences in number of captures at baited (1) and un-baited (0) stations for 
douglas sguirrel across 100 active trap nights (U: 16.5 P-value: 0.102; Z: -2.366 P-value: 0.018) 
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Fig 4a: Chart comparing differences in number of captures at baited (1) and un-baited (0) stations for 
small mamma]s across 21 active trap nights CU: 24 P-va1ue: 0.397; Z: -1.187 P-va1ue: 0.235) 
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Fig 4b: Chart comparing differences in number of captures at baited (1) and un-baited (0) stations for 
sma11 mamma]s across 100 active trap nights (U: 23 P-va1ue: 0.345: Z: -2.24 P-va1ue: 0.025) 
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Fig Sa: Chart comparing differences in number of captures at baited (1) and un-baited (0) stations for 
black bear across 21 active trap nights (U: 21 P-value: 0.189; Z: NIA P-value: N/A) 
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Fig Sb: Chart comparing differences in number of captures at baited (1) and un-baited (0) stations for 
black bear across 100 active trap nights (U: 16.5 P-value: 0.082; Z: -1.992 P-value: 0.046) 
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Fig 6a: Chart comparing differences in number of captures at baited (l) and un-baited (0) stations for 
American marten across 21 active trap nights CU: 14 P-value: 0.03: Z: NIA P-value: NIA) 
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Fig 6b: Chart comparing differences in number of frames at baited (l) and un-baited (0) stations for 
American marten across 100 active trap nights (U: 14.5 P-value: 0.035: Z: NIA P-value: NIA) 
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Fig 7a: Chart comparing differences in number of capures at baited (1) and un-baited (0) stations for 
large mammals across 21active trap nights (U: 10.5 P-value: 0.023; Z: -1.612 P-value: 0.107) 
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Fig Sa: Chart comparing differences in number of captures at baited (1) and un-baited (Q) stations for 
carnivores across 21 active trap nights (U: 5 P-value: 0.0029; Z: -2.366 P-value: 0.018) 
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Fig Sb : Chart comparing differences in number of captures at baited (1) and un-baited (0) stations for 
carnivores across 100 active trap nights (U: 5 P-value: 0.0029; Z: -2.366 P-value: 0.018) 
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Fig 9a: Chart comparing differences in total number of captures at baited (1) and un-baited (0) stations 
n for 21 active trap nights CU: 16 P-value: 0.092; Z: -2.375 P-value: 0. 018) 
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Fig 9b: Chart comparing differences in total number of captures at baited (1) and un-baited (0) stations 
for 21 active trap nights (U: 12 P-value: 0.036; Z: -2.1 P-value: 0. 036) 
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Fig lOa: Cumulative number of species recorded at un-baited stations across 21 
active trap nights 
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Table Sa: Table showing Spearman rank correlation between days and number of new species detected at 
un-baited stations 
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Fig lOb: Cumulative number of species recorded at baited stations across 21 
active trap nights 
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Table Sb: Table showing Spearman rank correlation between days and number of new species detected 
at baited stations 

BAITED SPECIES 
DAYS Correlation Coefficient 0.995 

P-value (2-tailed) <0.001 
N 23 
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Fig lla: Cumulative number of frames recorded at un-baited stations across 21 
active trap nights 
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Table 9a: Table showing Spearman rank correlation between days and frames at un-baited stations 
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Fig llb: Cumulative number of frames recorded at baited stations across 21 active 
trap nights 
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Table 9b: Table showing Spearman rank correlation between days and frames at baited stations 

BAITED FRAMES 
DAYS Correlation Coefficient 1 

P-value (2-tailed) < 0.001 
N 23 
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Fig 12: Graphs showing cumulative proportion of stations at which large mammals were detected 

n Fig 12a: Latency to first detection for large mammals across all stations 
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Fig 12b: Latency to first detection for large mamals across 8 un-baited stations 
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u Fig 14: Graphs showing cumulative proportion of stations at which birds were detected 

n Fig14a: Latency to first detection for birds across all stations 
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stations at which they were detected. (recorded at 1 un-baited and 6 baited 
stations) 
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DISCUSSION 

Eight pairs of TM 500 camera traps were established throughout L VNP to 

detect medium to large mammals in conjunction with the park's mammal survey 

programme. Only half of these traps were baited, in an attempt to test the effect of 

adding bait and lures on several variable functions of the Trailmaster® system, 

including frequency of detections, number of species detected, efficiency of the 

system and latency to first detection. 

Frequency of detections and presence-absence applications 

The addition of bait and lures clearly enhanced the frequency of detections by 

the TM 500 system. It may seem self-evident that incorporating attractants into such 

a trapping method will lead to increased capture rates. However, the ramifications of 

this finding are significant. In general, it can no longer be assumed that the act of 

baiting does not affect the data a camera station produces. For example, if the system 

is used to assess activity of a certain species, by incorporating bait the researcher may 

alter activity patterns or increase sample size. Sequin (2000) showed both these 

effects to occur when describing activity patterns of kangaroo rats (Dipodomys sp.). 

Marten and the carnivore subgroup responded positively to bait and lures. The 

fact that all the other species recorded did not register significantly higher capture 

rates at baited stations, suggests that bait does not greatly affect the frequency of 

detection for these species. However, this must be interpreted with caution, as all 

mammal species with the exception of mule deer registered a higher proportion of 

captures at baited stations. Thus it may simply be small sample size that prevented 

any significant differences from becoming apparent due to the low power of the test. 

The bait applied was largely a carnivore attractant, which may have deterred 

certain species. Fox urine and commercial stink may have indicated to herbivorous 

species that predators were nearby, thereby lowering the level of their detection at 

baited stations1
• A total of 6 vertebrate species registered higher detections at un­

baited stations, of these mule deer was the only mammal. However, since none of 

1 This problem could only have been overcome if different baits had been applied at separate stations; 
needless to say this would have greatly increased cost. 
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these differences were significant, not much can be concluded, but further study in 

this area may yield interesting results. 

Since individuals were not identified, the differences seen in the frequency of 

detections between the 2 treatments may not reflect differences in abundance. This 

could only have been achieved if 1) individuals could have been differentiated by 

pelage e.g. bobcat spots, and thereby applied a Mark-Recapture model (e.g. Bowden's 

estimator), or 2) some form of index had been created that could be shown to correlate 

with an increase in abundance. For this reason the above argument has focused 

purely on the frequency of detections registered in the 2 treatments. 

More useful information may be gained from the presence-absence data that 

this study yielded. A fundamental element in this study's design was to pair the 

stations. This would allow for a detection at a particular station to be causally linked 

to the type of treatment present. Coyote, bobcat, SNRF and grey fox were the only 

mammals detected exclusively at baited stations. All these species are carnivores and 

have home ranges that greatly exceed the distance between the paired camera traps, 

implying that these species were 'present' at both treatments but chose to visit only 

the baited stations. This finding has significant ramifications for one of the most 

popular uses of camera traps, that is inventorying specific habitats (Cutler et al. 1999). 

It suggests that when camera traps are applied as part of an inventory protocol, they 

may miss certain species, particularly carnivores, if bait is not applied. 

A finding of equal importance is that baited stations detected significantly 

more species that un-baited stations. So here again, to effectively use camera traps for 

inventories, they should incorporate bait or else certain species may not be accounted 

for. This is reinforced by the fact that baited stations not only recorded 93 percent of 

species that un-baited stations did, but also detected 11 species exclusively whereas 

un-baited only detected 2 exclusively. This last finding suggests that if a study is 

constrained by cost it would be better to apply a baited treatment as it is likely to miss 

fewer species, particularly camivores2
• 

Two bird species, mountain quail and northern flicker, occurred exclusively at 

un-baited stations. Following through with the same argument, it could be said that 

these species actively chose the un-baited stations. However, I would argue that it is 

more reasonable to assume that they were deterred from the baited station. This 

2 Appendix 7 shows that for most stations, baited traps detected the same species as un-baited traps but 
aditionaly detected carnivores. 
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implies that if an inventory system incorporates bait as a single treatment it too may 

miss detecting certain species. particularly birds. Hence it can be concluded that if 

Trailmaster® systems are to be applied to any inventory protocol, for all species 

within an area to be adequately accounted for, it is likely that both treatments should 

be applied, with several different types of bait incorporated at separate stations. An 

alternative would be to start with no bait, then switch to bait for herbivores (alfalfa, 

apples etc), then to bait for carnivores. 

However, it may be argued that it is erroneous to assume that an absence at 

one station and detection at another resulted from choice by the animal as a result of 

the type of treatment present. If an animal is extremely rare or at low density it may 

just be chance that it occurred at one station and not at the other, i.e. the assumption 

that the species is 'present' at both treatments is wrong. This may hold true 

particularly for bird species which occurred only at un-baited stations, as there is no 

biological reason for them to have occurred at the un-baited stations. One way in 

which causality could be shown is if the treatments had been switched back and forth 

after a certain time (Morrison et al. 2001). If a certain species was still only recorded 

at one treatment it would imply that the species was making a choice. 

Understanding the above, the question may then arise: why have numerous studies 

incorporating TM camera traps not apply bait (Karanth, 1998; and Seydack 1984) 

including the established monitoring program at L VNP? At L VNP it was thought that 

bait may actively draw-in animals from adjacent habitats. Hence. it was reasoned that 

un-baited cameras would be more representative3
• Although this was not directly 

proven by this study. the potential danger of bait drawing in individuals from adjacent 

areas may be a significant concern limiting its application in studies of habitat 

preference. 

Efficiency and latency 

The increase in the frequency of detections and number of species recorded at 

baited stations did not significantly increase the ratio of captures to total frames taken 

by the cameras, nor did it increase the number of nights active per field night, i.e. it 

did not increase this measure of efficiency. Intuitively, bait attracts individuals to the 

3 Personal Communication, John F. Arnold. Senior Park Biologist (Jonathan_arnold @nps.gov) 
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centre of the camera's field of view, thereby increasing the likelihood of accurate 

identification and lowering the probability of drop photographs. However, this did 

not occur, suggesting that, given this definition of efficiency, the incorporation of bait 

into a monitoring protocol to increase the return on the level of effort applied is a 

redundant activity. However, baited stations did record significantly more captures 

per active trap night than un-baited stations. These findings are fairly predictable in 

that since baited cameras recorded significantly more captures, they were more likely 

to have shot through the entire roll of film before they were checked. It is also more 

likely that a more active trap will drain the camera or sensors batteries faster than a 

less active camera4
• This implies that baited stations will have to be checked more 

regularly than un-baited stations. 

An additional area of interest was to see if bait and lures affected the time to 

detection of any species (i.e. shortened the latency to detection). As this study was 

constrained by small sample size, this analysis could only be carried out on 2 

subgroups of vertebrates: large and small mammals and birds. All 8 baited stations 

detected large mammals 4 days earlier than un-baited stations. Similarly, for small 

mammals, baited stations all recorded detections at least 5 days before un-baited 

stations had. Thus, bait lessens the length of time required to sample small or large 

mammals. Given this definition of efficiency, baiting can enhance the efficiency of 

camera traps. In effect it will cut down on costs by reducing the length of time a 

camera must be left in the field. 

Another interesting finding that these curves demonstrate is that just under 90 

percent of all the stations that are going to detect large mammals have detected them 

by day 17. In other words, for each additional day the traps are left in the field after 

day 17, the return5 per day is significantly lower than that before day 17. Although a 

similar trend can be seen for the small mammals it was not as definitive, with the 90 

percent level only being attained by day 29, after which it increased by the final 10 

percent just 3 days later. Hence, when monitoring large mammals and applying the 

methods used in this study, 17 days will generally suffice. For the smaller mammals a 

similar decline in new detections will be noted after about 2 weeks. However, since 

4 Here it may not be evident that an inactive camera (resulting from film depletion) can still drain 
sensor and camera batteries, as animal activity will still close the electric circuit, causing the receiver, 
flash and shutter to be activated. 
s Here return can be defined as the number of stations receiving their first detection of a certain species. 
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no true asymptote is reached, it may be the case that additional days even after day 34 

may lead to relatively good returns per additional field day. 

The same form of analysis can be applied to the 2 species the park hoped to 

gain information on through this study. American marten and SNRF. 

American marten is a California state species of special concern and is often heralded 

as a flagship of forest health and biodiversity. Studies done by Foresman et al. (1998) 

showed that camera traps should be left out in the field for at least 28 days for a 

survey to 'adequateli account for marten. However. in this study 65 percent of the 

stations that were going to detect marten over the survey period. had detected them by 

day 6. suggesting a low return after this date. This is assuming that exactly the same 

methodology is applied. However. the fact that only 1 marten was ever detected at an 

un-baited station, and that the level of detection at baited stations was significantly 

higher, suggests that it may be better to apply bait as a single treatment if the aim is 

purely to detect marten. The reason why the park has not applied bait to their stations 

in the past is because of the aforementioned danger seen with drawing in individuals 

from adjacent habitat. 

SNRF was the other species the park wanted to gain information on. The 

latency curve for this species is very different from that of marten; it never reached an 

asymptote, suggesting that a longer time period may yield good returns. However 

only 1 camera (a baited station) detected SNRF and this occurred within 24 hours of 

the camera's establishment. Hence it may be that the species is simply extremely 

rare, which would imply that that greater trap field time may not result in increased 

new detections at other stations. 

The Trailmaster® system 

Many of the known advantages of TM systems have been demonstrated by 

this study. It operated successfully for several consecutive days in remote locations 

under a variety of field conditions and in several different habitat types. independent 

of observer supervision. Over the 2-month study period, the camera traps 

successfully detected 30 different species, and yielded 78 high quality photographs. 

These photographs could be cross checked by professionals and stored as long-term 

records. The establishment and maintenace of the traps required minimal staff 
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training, and at no time required more than 2 individuals to ensure the smooth running 

of all 16-camera stations across the entire park. 

The TM system was also one of the least invasive of the vertebrate monitoring 

methods that the park had at its disposal, which included live trapping, radio 

telemetry, and mist-netting. These require capture and handling of animals, which 

can cause stress and damage to individuals. Such stress can lead to reactivation of 

latent viruses through immunosuppression (Burrows et al. 1994), a problem not faced 

with TM systems. 

This study also illustrated several drawbacks of these systems. From the 

previous discussion it was noted that baited stations had to be checked more regularly 

than un-baited stations which could limit their application to more accessible areas. 

This is particularly true when applying heavy baits, like those used to census large 

carnivores (Mace et al. 1994), where transport over long distances is impractical. 

Hence if TM camera traps are to operate successfully and yield representative data 

(on certain species), their application may be limited to accessible locations. 

Another problem associated with the portability of these systems is that of 

theft, which, in this case, lead to financial losses and loss of important data6
• This can 

be minimized by relying on OPS units to locate stations rather than flagging. Also the 

equipment can be attached several meters from the ground. However, this may again 

limit the remote placement of these systems as checks and repairs will require the 

transportation of ladders or other climbing aids into the field. 

In terms of the efficiency, 2 problem areas were encountered. The first was 

the 'false' triggering of the system through direct exposure, or reflection of solar 

radiation onto the sensor window. Thus photographs were taken when no animal 

activity occurred. This was a particular problem when cameras were facing directly 

over snow7
, or when physical conditions, such as slope and tree position, prevented 

cameras from facing due north. This can be circumvented to some degree by 

switching the system off during hours of the day when this problem occurred. 

However, this may lead to biases. The second efficiency problem was the delay in 

information feed back due to the development time required for camera films. Hence, 

6 525 02 was stolen between the 24th June and 1 ' 1 of July; approximated replacement cost was $600. 
1 This problem is particular to TM 500s, the problems of reflection are significantly less when using 
TM 1500 systems. 
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a problem {e.g. flash flare or missing time date stamp) wouJd on]y be corrected at a 

station severa] days after it had occurred. 

Although the TM 500 system is heralded as one of the most versatiJe systems, 

capable of surveying for a broad range of species, it can be seen from Appendix 6 that 

many vertebrates known to occur in L VNP were not detected using this technique. 

Some of these species might be accounted for by appJying specific baits e.g. deer 

quarters for mountain Hon. However, there are stilJ certain species which have 

specific feeding and behavioural patterns that would prevent their detection by camera 

traps, e.g. bats8
• 

Although significantly less invasive than other monitoring methods, it is 

evident that they are not utterly non-invasive. The flash, sound of the shutter and the 

presence of human scent may an contribute to eliciting a trap response in vertebrates, 

i.e. that their behaviour is altered by the presence of the systems, possibly leading to 

unrepresentative findings. Some species were visibly startled e.g. coyotes (Appendix 

8) and others were overly curious e.g. black bear (see front cover). This last finding 

lead to a further problem: damage to the equipment by animals. Over 10 connection 

cables were gnawed through by rodents and 2 cameras where knocked out of place 

and damaged by bears. 

The awlication of standard indices and statistics 

This study employed two statistical tools to analyse raw data produced by TM 

500 camera traps. The WMPSRT is the more powerful and reliable of these two tests, 

since it is more likely to detect a true difference between a pair than the Mann­

Whitney U test (MWU). This fact limits the possibility of Type I errors and hence the 

results that this test yields was preferred over MWU test results in this discussion. 

However, this project, like many ecological studies, was constrained by small sample 

size, which resulted in a restricted proportion of the available samples being analysed 

using this technique. Hence, when sample size was too small, the results of the MWU 

test have been employed. 

Of the 30 vertebrate species recorded in this study, only 1 was detected 

significantly more at baited than at un-baited stations. This species was the American 

8 These species could only be detected if traps were established at rousting sites which would likely 
restrict the sample to these species alone. 
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marten (Martes americana). Furthermore, since over 20 tests were run, it is possible 

that significant difference occurred simply by chance9
• However, I do not feel that it 

should be concluded that bait has no significant effect on any other species, rather that 

the sample size was not large enough for differences to emerge significant as 

discussed above. 

To try and minimize this problem of small sample size. the data were 

converted to a per trap night basis and then projected to a standard 100 trap night 

index. which allowed the entire data set to be utilized. Such methods have 

traditionally been employed when sample sizes varied (Carbone et al. 2001). 

However, TM 500 systems yield a "catch-per-unit-effort" index and any such index 

may be biased to the extent effort is not consistent (Morrison et al. 2001}. This bias is 

not realized if the rate of detections per day is constant over the duration of the sample 

period or if the difference in the level of effort between stations is small. 

It can be seen from Figures 1 la and 1 lb that the number of detections per day 

was not constant over time, but increasing, i.e. the capture rate per day increased the 

longer traps were left in operation.It can also be seen from Appendix 2, that the effort 

level varied widely from station to station. Hence. it can be concluded that the use of 

an index for comparisons of number of captures between baited and un-baited stations 

is likely to yield unrepresentative results. 

However, this is not the case when comparing the number of species recorded 

between the two treatments. Here the trend is opposite to that of total captures, i.e. 

the longer traps were left out in the field, the lower the number of new species per day 

they detected. However. as can be seen from Figures IOa and lOb this change is far 

less pronounced than the change seen in the number of captures, suggesting that the 

use of a standard index is more reliable when comparing differences in species 

numbers between treatments, than it is for comparing differences in captures. 

Also evident from a comparison of Figures 1 la and 1 lb is that although the 2 

curves have a broadly similar shape. they do not display the same rate of change; the 

increase in the number of captures per night is greater at baited stations than for un­

baited stations. This was because baited stations detected more carnivores than un­

baited stations. Carnivores, by constraint of their trophic position, occur at lower 

densities than herbivores; hence it takes un-baited camera traps longer to detect this 

9 One way in which future research could avoid this danger is by applying the Bonferroni procedure 
where the alpha level would be divided by the number of tests to yield a smaller significance threshold. 
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group of animaJs. This same increase is observed for the number of new species 

detected by baited stations. Here, baited stations from day 2 detected more new 

species per day than un-baited stations. 
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CONCLUSION 

This study has shown that the use of attractants can significantly alter several 

functions of the Trailmaster® camera trapping system. The detection of American 

marten (Martes americana) and the subgroup carnivores, can be significantly 

increased when the stated bait and lures are incorporated. Also, a greater number 

of species will be detected by applying these attractants. Moreover, it is clear that 

attractants allowed for the detection of most species that un-baited treatments 

registered, but additionally detected carnivorous species that this treatment 

missed. 

Attractants enhanced certain efficiency measures of camera traps, in that they 

significantly increased the number of captures per active night and decreased the 

time to first detection of certain species. These attributes generally argue in favour 

of the use of attractants, particularly carnivore attractants. However, this study has 

also highlighted the fact that bait may introduce significant biases through its 

possible draw-in or deterring effects. 

This study could be expanded to gain more conclusive results. A larger array 

of paired cameras over a significantly longer time period may have allowed for 

trends and differences to become apparent that are currently equivocal due to 

small sample size. It would also allow for the use of more powerful statistical 

tools leading to more representative conclusions. 

Two major changes in study design that would allow for the effect of bait to 

be more definitively assessed include: 1) Use of mark recapture techniques as this 

would allow (through the use of models) an increase in detections to be related to 

abundance at a specific treatment. 2) Switching the 2 treatments over after a 

certain time period, as this would allow for possible confounding variables to be 

minimized and thus causality to be more accurately determined. The use of 

several different baits at different stations would have shown if certain baits deter 

specific species and if a combination of baits would allow for the most thorough 

accounting of individuals present in an area. 

Finally, it would be interesting to carry out the research in winter when food 

sources may be significantly more scares and hence the application of bait have a 

more pronounced effect. 
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In conclusion, it can be stated that attractants should not simply be viewed as 

necessary components of trapping systems, but rather as important and possibly 

confounding variables that require careful consideration before their application. 

Additional research is warranted to clarify the effects of a variety of baits on a 

wider range of species. 
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APPENDIX 1 

Summary of all useful photo-captures 

Site Roll Frame Date Time Species 1 Number Frames 
B1-02 1 5 15-Jun 15:53 Mule Deer 1 1 
B1-02 1 8 16-Jun 23:06 Black Bear 1 1 
B1-02 1 10 17-Jun 09:05 Golden-Mantled Ground Squirrel 1 1 
B1-02 1 12 17-Jun 13:49 Chipmunk 1 1 
B1-02 2 4 18-Jun 07:41 Golden-Mantled Ground Squirrel 1 1 
B1-02 2 8 18-Jun 12:27 Golden-Mantled Ground Squirrel 1 1 
B1-02 2 20 21-Jun 15:10 Golden-Mantled Ground Squirrel 1 1 
B1-02 2 22 23-Jun 11:36 Chipmunk 1 1 
B1-02 3 2 26-Jun 13:58 Mule Deer 1 1 
81-02 3 13 30-Jun 08:14 Golden-Mantled Ground Squirrel 1 1 
81-02 3 16 30-Jun 19:12 American Marten 1 1 

--~1:Q.L_~ ____ 1? ___ Q.1-J.!!l_ __ J.~?.. .• §P.!!!.~~M.C!ntl~fl..§rp~!'.!L~~!~!L _______ ! __________ .!. 
81-02 4 16 09-Jul 11 : 14 Steller's Jay 1 1 
B1 ·02 5 4 11-Jul 10:30 Mule Deer 1 1 
81-02 5 5 13-Jul 03:02 American Marten 1 1 
81-02 5 10 14-Jul 11 :22 Golden-Mantled Ground Squirrel 1 1 
B1-02 6 6 23-Jul 07:49 American Robin 1 1 
81-02 6 10 24-Jul 06:54 American Robin 1 1 
81-X 1 2 26-Jun 04:05 American Marten 1 1 
B1-X 1 4 27-Jun 10:13 Clark's Nutcracker 1 1 
81-X 2 3 02-Jul 16:48 Black Bear 1 1 
81-X 2 17 04-Jul 19:43 American Marten 1 1 
81-X 2 18 05-Jul 06:51 American Marten 1 1 
81-X 2 20 06-Jul 01:09 American Marten 1 1 
81-X 3 2 09-Jul 21:07 American Marten 1 1 
81-X 3 4 10-Jul 19:29 Black Bear 3 1 
81-X 3 5 10-Jul 19:33 Black Bear 1 1 
81-X 3 6 10-Jul 19:36 Black Bear 3 1 
81-X 3 7 11-Jul 23:04 American Marten 1 1 
81-X 3 8 12-Jul 00:39 American Marten 1 1 
81-X 4 5 21-Jul 13:58 Common Raven 1 1 
81-X 4 6 21-Jul 14:02 Common Raven 1 1 
81-X 4 7 21-Jul 15:13 Common Raven 1 1 
81-X 4 8 21-Jul 16:46 Douglas' Squirrel 1 1 
81-X 4 9 22-Jul 13:37 Golden-Mantled Ground Squirrel 1 1 
81-X 4 10 22-Jul 15:44 Golden-Mantled Ground Squirrel 1 1 
81-X 4 11 23-Jul 08:20 American Robin 1 1 

- 01-x·-5·--2·--26:jiii--13:25-c1iipmun"k---------------1-----------"7i" 

81-X 5 3 26-Jul 14:11 Chipmunk 1 1 
81-X 5 4 27-Jul 02:56 Porcupine 1 1 
81-X 5 5 27-Jut 03:54 Porcupine 1 1 
B1-X 5 6 27-Jul 14:03 Golden-Mantled Ground Squirrel 1 1 
B1-X 5 8 28-Jul 13:08 Chipmunk 1 1 
B1-X 5 9 29-Jul 19:21 American Marten 1 1 
82-02 1 3 03-Jun 14:38 Mure Deer 1 1 
82-02 1 4 03-Jun 19:43 Mute Deer 1 1 
82·02 1 5 03-Jun 19:48 Mule Deer 1 1 
82-02 2 4 11 ·Jun 09:09 Mule Deer 1 1 
82-02 2 21 13-Jun 22:33 Black Bear 1 1 
82-02 3 4 18-Jun 02:45 Mule Deer 1 1 
82-02 3 5 18-Jun 08:31 Golden-Mantled Ground Squirrel 1 1 
B2·02 3 10 19-Jun 23:51 Black Bear 1 1 
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82-02 3 11 20-Jun 03:08 Black Bear 1 1 
82-02 3 12 20-Jun 08:15 Golden-Mantled Ground Squirrel 1 1 
62-02 3 17 23-Jun 07:32 Golden-Mantled Ground Squirrel 1 1 
82-02 3 18 23-Jun 12:34 Mule Deer 1 1 
82-02 3 22 24-Jun 12:32 Mule Deer 1 1 
62-02 4 3 25-Jun 16:01 Mule Deer 1 1 
82-02 4 5 25-Jun 20:35 Mule Deer 2 1 
62-02 4 6 26-Jun 12:53 Mule Deer 1 1 
82-02 4 8 26-Jun 16:30 California Ground Squirrel 1 1 
62·02 4 10 27-Jun 10:49 Golden-Mantled Ground Squirrel 1 1 
82-02 4 11 27-Jun 20:14 Mule Deer 1 1 
62-02 4 12 28-Jun 07:26 Mule Deer 1 1 
82-02 4 13 28-Jun 08:05 Mule Deer 1 1 

-02=02s-··--.,-3·-03-Ju1-·r1:00-·caiftonifa G'rou-ncfsquirreT--------------r--------~r 

82-02 5 16 04-Jul 15:57 Mule Deer 1 1 
82-02 5 20 05-Jul 06:14 Chipmunk 1 1 
82-02 5 21 05-Jul 11 :31 Golden-Mantled Ground Squirrel 1 1 
82-02 5 22 05-Jul 12:56 Golden-Mantled Ground Squirrel 1 1 
62·02 6 4 10-Jul 09:37 Golden-Mantled Ground Squirrel 1 1 
62-02 6 6 11-Jul 07:42 Golden-Mantled Ground Squirrel 1 1 
62-02 6 7 12-Jul 06:53 Mule Deer 1 1 
62-02 6 9 14-Jul 08:02 Golden-Mantled Ground Squirrel 1 1 
82-02 6 10 14-Jul 08:07 Mule Deer 1 1 
82-02 6 11 14-Jul 08:37 Chipmunk 1 1 
82·02 6 12 15-Jul 06:20 Mule Deer 1 1 
82-02 6 13 15-Jul 07:37 Golden-Mantled Ground Squirrel 1 1 
82-02 6 14 15-Jul 08:49 Golden-Mantled Ground Squirrel 2 1 
82-02 6 15 15-Jul 09:44 Golden-Mantled Ground Squirrel 1 1 
82·02 7 6 18-Jul 17:57 Golden-Mantled Ground Squirrel 1 1 
82-02 7 7 19-Jul 05:49 Mule Deer 1 1 
82-02 7 8 19-Jul 08:14 Chipmunk 1 1 
82-02 7 1 O 22-Jul 08:29 Golden-Mantled Ground Squirrel 1 1 
82-02 7 11 23-Jul 07:56 Golden-Mantled Ground Squirrel 1 1 
82-02 7 13 23-Jul 09:52 Golden-Mantled Ground Squirrel 1 1 
62-02 7 14 23-Jul 10:31 Golden-Mantled Ground Squirrel 1 1 
82-02 7 15 23-Jul 11 :14 Golden-Mantled Ground Squirrel 1 1 
82-02 7 16 23-Jul 11 :23 California Ground Squirrel 1 1 
82·02 8 2 23-Jul 11 :29 Mule Deer 1 1 
82-02 8 4 25-Jul 07:00 Mule Deer 1 1 
82-02 8 5 25-Jul 07:05 Mule Deer 2 1 
82-02 8 6 25-Jul 07:53 Mule Deer 1 1 
82·02 8 7 25-Jul 16:15 Golden-Mantled Ground Squirrel 1 1 
82-02 8 8 25-Jul 17:31 Mule Deer 1 1 
82-02 8 1 O 26-Jul 11 :27 Golden-Mantled Ground Squirrel 1 1 
82-02 8 11 26-Jul 16:35 Golden-Mantled Ground Squirrel 1 1 
82-02 8 12 27-Jul 01 :13 Snowshoe Hare 1 1 
82-02 8 14 27-Jul 17:34 Chipmunk 1 1 
62-02 8 15 27-Jul 19:17 Golden-Mantled Ground Squirrel 1 1 
82-02 8 17 28-Jul 11 :30 Golden-Mantled Ground Squirrel 1 1 
82-02 8 18 28-Jul 19:35 Golden-Mantled Ground Squirrel 1 1 
62-02 8 21 29-Jul 17:08 Golden-Mantled Ground Squirrel 1 1 
82-02 8 22 29-Jul 19:22 Golden-Mantled Ground Squirrel 1 1 
82-X 1 3 26-Jun 07:29 Mule Deer 1 1 
82-X 1 4 26-Jun 07:49 Mule Deer 1 1 
82-X 1 7 27-Jun 07:06 Mule Deer 1 1 
82-X 1 12 28-Jun 08:05 Human 1 1 
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82-X 1 13 28-Jun 10:43 Calif ornla Ground Squirrel 1 1 

Q 82-X 1 16 29-Jun 11:47 California Ground Squirrel 1 1 
82-X 1 17 29-Jun 13:32 Golden-Mantled Ground Squirrel 1 1 
62-X 1 18 29-Jun 16:45 California Ground Squirrel 1 1 
82-X 1 21 01-Jul 07:45 Chipmunk 1 1 
82-X 1 22 01-Jul 08:38 Golden-Mantled Ground Squirrel 1 1 
82-X 1 23 01-Jul 12:33 Chipmunk 1 1 

1 
62-X 1 25 02-Jul 07:51 Chipmunk 1 1 
82-X 1 26 02-Jul 08:48 Golden-Mantled Ground Squirrel 1 1 
62-X 2 2 02-Jul 17:59 Chipmunk 1 1 

n 
82-X 2 4 03-Jul 07:50 Chipmunk 1 1 
62-X 2 6 03-Jul 08:12 Chipmunk 1 1 
82-X 2 7 03-Jul 10:58 Chipmunk 1 1 
62-X 2 8 03-Jul 11 :11 Golden-Mantled Ground Squirrel 1 1 

n 82-X 2 10 03-Jul 19:34 Chipmunk 1 1 
62-X 2 12 04-Jul 08:07 Chipmunk 1 1 
82-X 2 14 05-Jul 07:47 Chipmunk 1 1 

1 l 82-X 2 15 05-Jul 07:58 Steller's Jay 1 1 

t.j 82-X 2 16 05-Jul 11:08 Chipmunk 1 1 
82-X 2 17 05-Jul 16:16 Chipmunk 1 1 

D 
62-X 2 19 06-Jul 07:42 Mule Deer 1 1 
B2-X 2 20 06-Jul 07:47 Mule Deer 1 1 
82-X 2 21 06-Jul 12:44 Mule Deer 1 1 

Cl 
82-X 2 22 06-Jul 17:18 Chipmunk 1 1 
B2·X 3 2 09-Jul 19:27 Chipmunk 1 1 
62-X 3 5 10-Jul 10:35 Golden-Mantled Ground Squirrel 1 1 
82-X 3 6 10-Jul 15:23 Golden-Mantled Ground Squirrel 1 1 

D 62-X 3 7 10-Jul 16:36 Chipmunk 1 1 
82-X 3 8 10-Jul 18:09 Golden-Mantled Ground Squirrel 1 1 
82-X 3 9 10.-Jul 19:13 Human 1 1 

I 82-X 3 11 11-Jul 10:28 Chipmunk 1 1 
62-X 3 20 14-Jul 14:39 Mule Deer 1 1 
82-X 3 21 14-Jul 15:31 Chipmunk 1 1 

0 
82-X 3 23 14-Jul 19:56 Dog 1 1 
82-X 4 5 18-Jul 02:27 Mule Deer 1 1 
82-X 4 6 18-Jul 07:48 Chipmunk 1 1 
82-X 4 7 18-Jul 08:12 Chipmunk 2 1 n 62-X 4 9 18-Jul 10:57 Golden-Mantled Ground Squirrel 1 1 
82-X 4 13 19-Jul 08:27 Douglas' Squirrel 1 1 
82-X 4 14 19-Jul 14:52 Common Raven 1 1 

D 82-X 4 15 19-Jul 14:56 Common Raven 1 1 
82-X 4 16 19-Jul 15:01 Common Raven 1 1 
82-X 4 17 19-Jul 15:05 Common Raven 1 1 

D 
82-X 4 18 19-Jul 15:08 Common Raven 1 1 
62-X 4 19 19-Jul 15:14 Common Raven 1 1 
82-X 4 20 19-Jul 15:20 Common Raven 1 1 

j 
82-X 4 21 19-Jul 15:24 Common Raven 1 1 
62-X 4 22 19-Jul 15:28 Common Raven 1 1 
82-X 4 23 19-Jul 19:41 Common Raven 1 1 
82-X 4 25 20-Jul 07:01 Chipmunk 1 1 

D 82-X 5 2 23-Jul 15:58 Chipmunk 1 1 
62-X 5 3 24-Jul 07:31 Chipmunk 1 1 
82-X 5 4 24-Jul 08:48 Chipmunk 1 1 

u 82-X 5 5 24-Jul 10:52 Golden-Mantled Ground Squirrel 1 1 
_.§g_:'S.._ __ _§ _____ _! ____ g_1:~~..J.<!~§?_QpJSl_~M~nt~2_~ro~~..C!_~q~~!!... _____ 1 ____________ l. 

82-X 5 7 24-Jul 15:34 Golden-Mantled Ground Squirrel 1 1 
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B2-X 5 9 25-Jul 05:09 Bobcat 1 1 
B2-X 5 11 25-Jul 08:14 Chipmunk 1 1 
B2-X 5 12 25-Jul 08:25 Chipmunk 1 1 
B2-X 5 13 25-Jul 08:37 Chipmunk 1 1 
B2-X 5 15 25-Jul 12:22 Chipmunk 1 1 
B2-X 5 16 25-Jul 13:26 Golden-Mantled Ground Squirrel 1 1 
B2-X 5 17 25-Jul 13:54 Golden-Mantled Ground Squirrel 1 1 
B2-X 5 18 25-Jul 17:45 California Quail 1 1 
B2-X 5 19 25-Jul 20:03 Chipmunk 1 1 
B2-X 5 21 25-Jul 20:44 Snowshoe Hare 1 1 
B2-X 5 23 26-Jul 07:50 Chipmunk 1 1 
B2-X 5 25 26-Jul 23:51 Snowshoe Hare 1 1 
B2-X 5 26 27-Jul 06:27 Douglas' Squirrel 1 1 
F1 -02 1 2 03-Jun 19:10 Northern Flicker 1 1 
F1 -02 1 3 04-Jun 20:31 Mule Deer 1 1 
F1 -02 1 4 04-Jun 23:54 Porkupine 1 1 
F1-02 2 14 17-Jun 07:29 Mule Deer 1 1 

_E1:QL_L ___ 1Q ____ g1:-!Y!!. ___ 9_1!~~?..-Qou9las:_§.g!IJ~rel _____________ _! ___________ !. 
F1-02 4 4 01-Jul 15:11 Mule Deer 1 1 
F1-02 4 18 16-Jul 06:32 Black Bear 1 1 
F1-02 s 3 27-Jul 08:26 Douglas' Squirrel 1 1 
F1-02 6 4 27-Jul 09:05 Douglas' Squirrel 1 1 
F1-02 6 6 28-Jul 05:50 Douglas' Squirrel 1 1 
F1-02 6 7 28-Jul 09:05 Douglas' Squirrel 1 1 
F1-X 1 2 26-Jun 10:53 American Marten 1 1 
F1-X 1 3 26-Jun 10:56 American Marten 1 1 
F1-X 1 4 26-Jun 11 :DO American Marten 1 1 
F1-X 1 5 26-Jun 14:24 American Marten 1 1 
F1-X 1 7 26-Jun 14:47 American Marten 1 1 
F1-X 1 8 26-Jun 14:51 American Marten 1 1 
F1-X 1 9 26-Jun 14:59 American Marten 1 1 
F1-X 1 10 26-Jun 20:02 American Marten 1 1 
F1-X 2 2 27-Jun 22:42 American Marten 1 1 
F1-X 2 3 27-Jun 22:45 American Marten 1 1 
F1-X 2 4 27-Jun 22:48 American Marten 1 1 
F1-X 2 5 27-Jun 22:51 American Marten 1 1 
F1-X 2 6 27-Jun 22:55 American Marten 1 1 
F1-X 2 7 27-Jun 23:00 American Marten 1 1 
F1-X 2 8 28-Jun 05:46 American Marten 1 1 
F1 -X 2 9 28-Jun 05:55 American Marten 1 1 
F1 -X 2 1 O 28-Jun 06:09 American Marten 1 1 
F1 -X 2 12 28-Jun 10:33 American Marten 1 1 
F1-X 2 15 29-Jun 03:07 Mule Deer 1 1 
F1-X 2 19 01-Jul 07:43 Douglas' Squirrel 1 1 
F1-X 3 5 03-Jul 17:43 American Marten 1 1 
F1-X 3 6 03-Jul 17:47 American Marten 1 1 
F1-X 3 9 04-Jul 16:59 American Marten 1 1 
F1 -X 3 11 06-Jul 22:25 Mule Deer 1 1 
F1-X 3 12 07-Jul 01:15 American Marten 1 1 
F1-X 4 4 10-Jul 19:08 American Marten 1 1 
F1-X 4 5 10-Jul 19:13 American Marten 1 1 
F1-X 4 6 10-Jul 19:24 American Marten 1 1 
F1-X 4 7 11-Jul 05:26 American Marten 1 1 
F1-X 4 B 11-Jul 06:40 Grey Jay 2 1 
F1-X 4 12 14-Jul 23:50 Mule Deer 1 1 

...J:J-X ____ _1 _______ 1? _____ J_~~,!JJ __ _?.!~~!J __ ~,!!f~J;>~~!-----------------------------1------------!. 
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F1-X 4 23 17-Jul 03:24 Deer Mouse 1 1 

1 F1-X 4 24 17-Jul 07:04 Douglas' Squirrel 1 1 
F1-X 5 2 17-JuJ 19:00 American Marten 1 1 
F1-X 5 3 18-Jul 05:09 American Marten 1 1 

1 
F1-X 5 4 18-Jul 07:04 Grey Jay 1 1 
F1-X 5 5 18-Jul 07:21 Mule Deer 1 1 
F1-X 5 6 18-Jul 07:37 Grey Jay 1 1 

1 
F1-X 5 7 18-Jul 08:28 Mule Deer 1 1 
F1-X 5 8 18-Jul 17:01 American Marten 1 1 
F1-X 5 9 18-Jul 23:01 Black Bear 1 1 

l 
F1-X 5 10 18-Jul 23:04 Black Bear 1 1 
F1-X 5 11 19-Jul 10:07 American Marten 1 1 
F1-X 5 15 20-Jul 00:07 Deer Mouse 1 1 
F1-X 5 16 20-Jul 05:53 Black Bear 2 1 

i F1-X 5 23 20-Jul 20:22 American Marten 1 1 
F1-X 6 2 23-Jul 17:52 American Marten 1 1 
F1-X 6 3 23-Jul 18:05 American Marten 1 1 

~ 
F1-X 6 4 23-Jul 18:50 American Marten 1 1 
F1-X 6 5 24-Jul 05:21 American Marten 1 1 
F1-X 6 9 24-Jul 12:23 American Marten 1 1 

D 
F1-X 6 12 26-Jul 08:15 Douglas' Squirrel 1 1 
F1-X 6 13 26-Jul 20:10 Douglas' Sguirrel 1 1 
F2-02 1 3 05-Jun 11:43 Chipmunk 1 1 
F2-02 1 4 05-Jun 13:23 Douglas' Squirrel 1 1 
F2-02 1 5 06-Jun 07:07 Douglas' Squirrel 1 1 
F2-02 1 9 13-Jun 06:15 Chipmunk 1 1 
F2-02 1 10 16-Jun 12:54 Douglas' Squirrel 1 1 
F2-02 1 11 16-Jun 18:51 Mule Deer 1 1 
F2-02 2 2 20-Jun 09:06 Douglas' Squirrel 1 1 
F2-02 2 6 24-Jun 08:16 Mule Deer 1 1 

u _ _f2-02 ---~----!_ ____ 21.~!:!!!. ••• !l~Q!L.YY.!!'~!.l!..<}!.E!Y.§..g!J.!~!--------------!-----------.!. 
F2-02 2 10 30-Jun 11:58 Chipmunk 1 1 
F2-02 2 13 01-Jut 16:46 Golden-Mantled Ground Squirrel 1 1 

D 
F2-02 2 14 02-Jul 10:54 Douglas' Squirrel 1 1 
F2-02 2 15 04-Jul 13:00 Chipmunk 1 1 
F2-02 2 17 05-Jul 16:29 Chipmunk 1 1 
F2-02 2 18 06-Jul 05:49 Mule Deer 1 1 

D F2-02 2 20 07-Jul 12:07 Chipmunk 1 1 
F2-02 2 21 08-Jul 11:52 Mule Deer 1 1 
F2-02 3 2 09-Jul 17:39 Golden-Mantled Ground Squirrel 1 1 

l F2-02 3 4 12-Jul 10:58 Golden-Mantled Ground Squirrel 1 1 
F2-02 3 5 13-Jul 15:15 Douglas' Squirrel 1 1 
F2-02 3 9 23-Jul 11:21 Golden-Mantled Ground Squirrel 1 1 

w 
F2-02 3 12 24-Jul 13:28 Chipmunk 1 1 
F2-02 3 13 24-Jul 17:31 Golden-Mantled Ground Squirrel 1 1 
F2-02 3 15 25-Jul 13:02 Golden-Mantled Ground Squirrel 1 1 

J 
F2-02 3 16 25-Jul 13:32 Golden-Mantled Ground Squirrel 1 1 
F2-02 3 18 27-Jul 06:32 Mule Deer 1 1 
F2-02 3 19 27-Jul 18:12 Golden-Mantled Ground Sguirrel 1 1 
F2-X 1 11 29-Jun 12:46 Chipmunk 1 1 

~ F2-X 1 19 30-Jun 09:06 Chipmunk 1 1 
F2-X 2 8 05-Jul 08:38 Chipmunk 1 1 
F2-X 2 9 05-Jul 10:21 Golden-Mantled Ground Squirrel 1 1 

Ll F2·X 2 10 05-Jul 11:29 Golden-Mantled Ground Squirrel 1 1 
F2-X 2 11 05-Jul 11 :40 Golden-Mantled Ground Squirrel 1 1 
F2-X 2 12 05-JuJ 11:53 Golden-Mantled Ground Squirrel 1 1 

D 
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F2-X 2 13 05-Jul 12:18 Chipmunk 1 1 

1 F2-X 2 14 05-Jul 12:24 Chipmunk 1 1 
F2-X 2 16 06-Jul 11:48 Golden-Mantled Ground Squirrel 1 1 
F2-X 2 17 06-Jul 13:18 Golden-Mantled Ground Squirrel 1 1 

1 F2-X 2 21 07-Jul 19:10 Douglas' Squirrel 1 1 
j F2-X 2 23 08-Jul 09:35 Golden-Mantled Ground Squirrel 1 1 

F2-X 2 24 08-Jul 10:20 Golden-Mantled Ground Squirrel 1 1 

l 
F2-X 3 2 09-Jul 13:51 Golden-Mantled Ground Squirrel 1 1 
F2-X 3 3 10-Jul 09:17 Chipmunk 1 1 
F2-X 3 6 11-Jul 09:14 Golden-Mantled Ground Squirrel 1 1 
F2-X 3 7 11-Jul 09:56 Golden-Mantled Ground Squirrel 1 1 

1 F2-X 3 8 11-Jul 10:56 Chipmunk 1 1 
F2-X 3 10 12-Jul 11:52 Golden-Mantled Ground Squirrel 1 1 
F2-X 3 11 13-Jul 11:14 Golden-Mantled Ground Squirrel 1 1 

B F2-X 3 12 13-Jul 11:56 Golden-Mantled Ground Squirrel 1 1 
F2-X 3 13 14-Jul 06:53 Chipmunk 1 1 
F2-X 3 14 14-Jul 08:35 Douglas' Squirrel 1 1 

1 F2-X 3 16 15-Jul 05:02 Mule Deer 1 1 

J F2-X 3 17 15-Jul 05:11 Mule Deer 1 1 
F2-X 3 18 15-Jul 12:58 Golden-Mantled Ground Squirrel 1 1 
F2-X 3 19 15-Jul 13:02 Golden-Mantled Ground Squirrel 1 1 
F2-X 3 20 16-Jul 08:02 Western Grey Squirrel 1 1 
F2-X 4 2 16-Jul 12:34 Chipmunk 1 1 
F2-X 4 4 17-Jul 10:27 Golden-Mantled Ground Squirrel 1 1 
F2-X 4 5 17-Jul 10:42 Golden-Mantled Ground Squirrel 1 1 
F2-X 4 6 17-Jul 11:34 Chipmunk 1 1 
F2-X 4 7 17-Jul 11:47 Golden-Mantled Ground Squirrel 1 1 

0 F2-X 4 8 17-Jul 11:54 Junco 1 1 
F2-X 4 11 17-Jul 14:16 Chipmunk 1 1 
F2-X 4 12 17-Jul 14:20 Chipmunk 1 1 

u F2-X 4 13 18-Jul 06:16 Coyote 1 1 
F2-X 4 14 18-Jul 10:26 Golden-Mantled Ground Squirrel 1 1 
F2-X 4 15 18-Jul 10:36 Golden-Mantled Ground Squirrel 1 1 

LJ 
F2·X 4 16 18-Jul 11:52 Golden-Mantled Ground Squirrel 1 1 
F2-X 4 18 19-Jul 06:38 Black Bear 1 1 
F2-X 4 19 19-Jul 06:43 Black Bear 1 1 
F2-X 4 20 19-Jul 06:47 Black Bear 1 1 

J 
F2-X 4 21 19-Jul 06:50 Black Bear 1 1 
F2-X 4 22 19-Jul 06:53 Black Bear 1 1 
F2-X 4 23 20-Jul 09:30 Chipmunk 1 1 

1 
F2-X 4 24 20-Jul 09:49 Golden-Mantled Ground Squirrel 1 1 
F2-X 4 25 20-Jul 10:01 Golden-Mantled Ground Squirrel 1 1 

_ _£2·~-----§------~-----~-~:~u_l _ _j 7:~_§pJ!!.~M.E!!)Jlee!_.§rolK'd S.9,~irl!!_ _____ !_ ____________ !. 
F2-X 5 3 24-Jul 14:10 Douglas' Squirrel 1 1 
F2-X 5 4 24-Jul 15:59 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 7 25-Jul 11:46 Chipmunk 1 1 

] 
F2-X 5 7 25-Jul 11:46 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 8 25-Jul 12:03 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 9 25-Jul 12:16 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 11 25-Jul 12:52 Golden-Mantled Ground Squirrel 1 1 

~ F2-X 5 12 25-Jul 12:57 Golden-Mantled Ground Squirrel 2 1 
F2-X 5 13 25-Jul 13:08 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 14 25-Jul 13:27 Golden-Mantled Ground Squirrel 1 1 

~ 
F2-X 5 15 25-Jul 13:54 Golden-Mantled Ground Squirrel 2 1 
F2-X 5 16 25-Jul 14:12 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 17 25-Jul 15:52 Golden-Mantled Ground Squirrel 1 1 

u 
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F2-X 5 18 25-Jul 16:02 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 19 25-Jul 17:40 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 20 25-Jul 18:16 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 21 26-Jul 09:39 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 22 26-Jul 09:49 Golden-Mantled Ground Squirrel 3 1 
F2-X 5 23 26-Jul 10:09 Golden-Mantled Ground Squirrel 2 1 
F2-X 5 24 26-Jul 10:26 Golden-Mantled Ground Squirrel 1 1 
F2-X 5 25 26-Jul 10:56 Golden-Mantled Ground Squirrel 2 1 
F2·X 5 26 26-Jul 10:59 Golden-Mantled Ground Squirrel 1 1 
R1-02 2 7 20-Jun 07:39 Mule Deer 1 1 
R1-02 2 14 22-Jun 20:04 Mule Deer 1 1 
R1-02 2 18 25-Jun 06:18 Mule Deer 1 1 
R1-02 3 3 28-Jun 09:17 Mule Deer 1 1 
R1-02 3 7 28-Jun 20:57 Mule Deer 1 1 

··R'1-02-4--·-12-·-o-7:jur·-:rs:oo-Mu1e ·oaar------------------1 -----------:r 
R1-02 4 14 07-Jul 20:24 Mule Deer 1 1 
R1-02 5 11 16-Jul 16:06 Chipmunk 1 1 
R1-02 6 13 22-Jul 20:14 Mule Deer 1 1 
R1-02 6 15 24-Jul 07:45 Blue Grouse 2 1 
R1-02 7 2 25-Jul 21:14 Mule Deer 1 1 
R1-02 7 4 27-Jul 06:58 Mule Deer 1 1 
R1-02 7 6 27-Jul 20:50 Mule Deer 1 1 
R1·02 7 9 29-Jul 08:28 Douglas' Squirrel 1 1 
R1-02 7 12 30-Jul 05:04 Mule Deer 1 1 
R1-X 1 3 27-Jun 12:44 Yellow Rumpt Warbler 1 1 
R1-X 1 5 28-Jun 06:44 Douglas' Squirrel 1 1 
R1-X 1 8 02-Jul 01 :39 American Marten 1 1 
R1-X 1 9 02-Jul 04:04 American Marten 1 1 
R1-X 1 11 02-Jul 07:52 Mule Deer 1 1 
R1-X 1 12 02-Jul 14:52 Douglas' Squirrel 1 1 
R1-X 2 2 02-Jul 19:22 Black Bear 1 1 
R1-X 2 3 03-Jul 03:01 Black Bear 1 1 
R1 -X 2 4 05-Jul 11 :24 Black Bear 1 1 
R1-X 2 6 10-Jul 06:12 Black Bear 1 1 
R1-X 2 7 10-Jul 10:43 Black Bear 1 1 
R1-X 3 3 13-Jul 17:09 Black Bear 1 1 

-~:j("·---3·----ii'----;rf::;'U'1--01:so--13;a:ci<""l3E!ar ____________________________ "T"" _____________ ~_ 

R2-02 1 3 06-Jun 20:17 Mule Deer 1 1 
R2-02 1 4 09-Jun 09:03 Mule Deer 1 1 
R2-02 1 5 09-Jun 17:37 Human 1 1 
R2-02 1 9 11-Jun 04:04 Mule Deer 1 1 
R2-02 1 11 15-Jun 14:43 Mule Deer 1 1 
R2-02 2 3 19-Jun 13:16 Mountain Quail 1 1 
R2-02 2 4 19-Jun 23:05 Mule Deer 1 1 
R2-02 2 5 20-Jun 03:25 Mule Deer 1 1 
R2-02 2 6 22-Jun 07:13 Mule Deer 1 1 

. .£!.~:Q_g ___ ~-------L _____ g_4_-Ju!1 ___ J_Q:§? __ QbJP!!!.':!!1~--------------------1-----------l. 
R2-02 2 8 25-Jun 11 :54 Douglas' Squirrel 1 1 
R2-02 2 11 28-Jun 07:52 Mule Deer 1 1 
R2-02 3 2 01-Jul 18:36 Mule Deer 1 1 
R2-02 3 3 02-Jul 21 :05 Mule Deer 2 1 
R2-02 3 4 04-Jul 15:51 Mule Deer 1 1 
R2-02 3 11 19-Jul 03:52 Mule Deer 1 1 
R2-02 3 14 24-Jul 23:11 Mule Deer 1 1 
R2-02 3 16 30-Jul 13:21 Chipmunk 1 1 
R2-X 1 12 26-Jun 12:41 Butterfly 1 1 
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R2·X 1 16 26-Jun 22:56 Gray Fox 1 1 
R2-X 1 17 26-Jun 23:00 Gray Fox 1 1 
R2-X 2 23 29-Jun 23:06 Gray Fox 1 1 

__ _!3~~---2 _____ .?.. ____ 24-Ju.LJJ!:.Q? •• ..Q~.!!9!~~~.§.q~r~~L ______________ L ___________ 1_. 
R2-X 6 8 26-Jul 14:36 Sharp Shinned Hawk 1 1 
R2-X 6 9 27-Jul 02:10 Gray Fox 1 1 
R2·X 6 10 27-Jul 02:14 Gray Fox 1 1 
R2-X 6 13 28-Jul 00:08 Gray Fox 1 1 
R2-X 6 15 28-Jul 08:52 Douglas' Squirrel 1 1 
R2-X 6 16 28-Jul 09:11 Douglas' Squirrel 1 1 
R2·X 6 17 28-Jul 18:51 Douglas' Squirrel 1 1 
R2-X 6 18 29-Jul 03:29 Gray Fox 1 1 
R2·X 6 19 29-Jul 03:34 Gray Fox 1 1 
R2-X 6 20 29-Jul 03:37 Gray Fox 1 1 
81 -02 1 2 13-Jun 04:55 Blue Grouse 1 1 
51 -02 2 2 18-Jun 19:24 Mule Deer 2 1 
S1-02 2 3 18-Jun 19:28 Mule Deer 2 1 
81-02 2 4 18-Jun 19:31 Mule Deer 1 1 
S1 -02 2 9 22-Jun 05:46 Mule Deer 1 1 
81-02 2 10 22-Jun 06:55 8teller's Jay 1 1 
81-02 2 11 25-Jun 07:25 Chipmunk 1 1 
81-02 2 13 26-Jun 06:29 American Robin 1 1 
81-02 3 2 27-Jun 07:02 Chipmunk 1 1 
81-02 3 4 27-Jun 13:29 Chipmunk 1 1 
81-02 3 5 28-Jun 06:32 Mule Deer 1 1 
81-02 3 6 28-Jun 07:38 Chipmunk 1 1 
81 -02 3 7 28-Jun 13:02 8teller's Jay 1 1 
51 -02 3 11 30-Jun 06: 10 Mule Deer 1 1 
81 -02 4 4 04-Jul 16:57 Mule Deer 1 1 
51 -02 4 5 05-Jul 04:22 Mule Deer 1 1 
S1-02 4 6 05-Jul 18:25 Sharp Shinned Hawk 1 1 
S1-02 4 7 06-Jul 07:15 Chipmunk 1 1 

~1-Q£ ____ _1 ___ ~ O~:~!!l.. .. J.~QLftiJP.!!1.':!!1.~---- ................... !. _______ !. 
81 -02 4 1 O 10-Jul 05:29 American Robin 1 1 
81-02 6 3 26-Jul 00:17 Mule Deer 1 1 
81 -02 6 5 26-Jul 07:43 Chipmunk 1 1 
81 -02 6 6 26-Jul 15:35 American Robin 1 1 
S1 -02 6 9 26-Jul 18:30 Chipmunk 1 1 
81-02 6 10 26-Jul 18:36 Steller's Jay 1 1 
S1 -02 6 11 26-Jul 23:05 Mule Deer 1 1 
S1·02 6 12 27-JuJ 06:12 American Robin 1 1 
S1-02 6 13 27-Jul 06:32 American Robin 1 1 
51-02 6 14 27-Jul 16:10 Chipmunk 1 1 
S1 -02 6 15 28-Jul 17:54 Chipmunk 1 1 
51-02 6 16 29-Jul 08:12 Chipmunk 2 1 
S1 -X 1 2 27-Jun 06:53 Mule Deer 1 1 
81-X 2 4 30-Jun 02:28 American Marten 1 1 
S1-X 2 5 30-Jun 02:32 American Marten 1 1 
81 -X 2 6 30-Jun 06:57 Douglas' Squirrel 1 1 
81 -X 2 15 02-Jul 03:29 American Marten 1 1 
51-X 2 18 02-Jul 14:04 Chipmunk 1 1 
S1-X 3 13 04-Jul 04:42 Mule Deer 1 1 
S1 -X 3 20 05-Jul 08:37 Douglas' Squirrel 1 1 
S1 -X 3 25 05-Jul 10:52 Golden-Mantled Ground Squirrel 1 1 
S1 -X 4 2 12-Jul 15:36 American Robin 1 1 
S1 -X 4 4 13-Jul 21 :43 Black Bear 1 1 
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S1-X 4 8 14-Jul 20:32 Mule Deer 1 1 
S1-X 4 17 16-Jul 09:58 Mule Deer 2 1 
S1-X 4 18 17-Jul 09:12 Golden-Mantled Ground Squirrel 1 1 
S1-X 5 3 18-Jul 09:10 Chipmunk 1 1 
81-X 5 4 18-Jul 09:39 Chipmunk 1 1 
S1-X 5 5 18-Jul 09:53 Golden-Mantled Ground Squirrel 1 1 
S1-X 5 6 19-Jul 08:22 Golden-Mantled Ground Squirrel 1 1 
S1-X 5 8 19-Jul 09:30 Chipmunk 1 1 
S1-X 5 9 19-Jul 17:15 Golden-Mantled Ground Squirrel 1 1 
S1-X 6 2 25-Jul 22:36 American Marten 1 1 
S1-X 6 3 25-Jul 22:40 American Marten 1 1 
S1-X 6 4 26-Jul 03:36 American Marten 1 1 
S1-X 6 5 26-Jul 03:41 Black Bear 1 1 
S1-X 6 6 26-Jul 03:50 American Marten 1 1 
S1-X 6 7 26-Jul 03:54 American Marten 1 1 
S1-X 6 8 26-Jul 14:17 American Robin 1 1 
S1-X 6 9 26-Jul 21 :35 American Marten 1 1 
81-X 6 10 26-Jul 21:39 American Marten 1 1 
S1-X 6 11 26-Jul 21 :47 American Marten 1 1 
S1-X 6 12 26-Jul 21:56 American Marten 1 1 
S1-X 6 13 26-Jul 22:03 American Marten 1 1 
S1-X 6 14 27-Jul 01:03 American Marten 1 1 

-51-:x------5-----rn----3o:juT--09:1a-cr0icr&n:i~fariii8Cf'Grounci--squirrBi---------r-------:r 
S1-X 6 19 30-Jul 09:26 Chipmunk 1 1 
S1-X 6 20 01-Aug 08:05 Golden-Mantled Ground Squirrel 1 1 
S2-X 1 3 27-Jun 01 :23 Red Fox 1 1 
S2-X 1 4 27-Jun 01 :29 Red Fox 1 1 
S2-X 1 5 27-Jun 10:03 Golden-Mantled Ground Squirrel 1 1 
S2-X 1 7 27-Jun 14:10 Fox Sparrow 1 1 
S2-X 1 8 27-Jun 20:30 Mule Deer 1 1 
S2-X 1 9 27-Jun 22:59 Red Fox 1 1 
82-X 2 2 28-Jun 21 :33 Red Fox 1 1 
S2-X 2 8 29-Jun 21 :51 Red Fox 1 1 
S2-X 2 9 30-Jun 08:08 American Robin 1 1 
82-X 2 1 O 30-Jun 09:37 Hermit Thrush 1 1 
S2-X 2 11 30-Jun 10:31 Hermit Thrush 1 1 
S2-X 2 12 30-Jun 13:47 Hermit Thrush 1 1 
S2-X 2 14 30-Jun 15:23 White Breasted Nutchatch 1 1 
S2-X 2 15 30-Jun 16:16 Chipmunk 1 1 
S2-X 2 16 30-Jun 19:35 Mule Deer 1 1 
S2-X 2 17 30-Jun 19:48 Junco 1 1 
S2-X 2 18 02-Jul 10:35 Mule Deer 1 1 
S2-X 3 4 02-Jul 16:03 White Breasted Nutchatch 1 1 
S2-X 3 5 03-Jul 03:51 Red Fox 1 1 
S2-X 3 6 03-Jul 03:55 Red Fox 1 1 
S2-X 3 7 03-Jul 04:09 Red Fox 1 1 
S2-X 3 B 03-Jul 09:18 Douglas' Squirrel 1 1 
S2-X 3 14 04-Jul 02:48 Red Fox 1 1 
S2-X 3 18 04-Jul 22:32 Deer Mouse 1 1 
82-X 3 19 05-Jul 02:19 Deer Mouse 1 1 
82-X 3 22 06-Jul 09:48 Douglas' Squirrel 1 1 
$2-X 4 3 11-Jul 03:19 RedFox 1 1 
82-X 4 4 11-Jul 03:24 Red Fox 1 1 
$2-X 4 8 11-Jul 19:14 Chipmunk 1 1 
S2-X 4 9 11-Jul 21 :38 Red Fox 1 1 
S2-X 4 10 12-Jul 05:40 Douglas' Squirrel 1 1 
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$2-X 4 11 12-Jul 08:00 Douglas' Squirrel 1 1 

r1 $2-X 4 12 12-Jul 10:38 Clark's Nutcracker 1 1 
S2-X 4 14 12-Jul 21:16 Red Fox 1 1 
S2-X 4 18 14-Jul 08:02 Golden-Mantled Ground Squirrel 1 1 

l S2-X 4 19 14-Jul 10:06 Douglas' Squirrel 1 1 
S2-X 4 24 14-Jul 20:52 Mule Deer 1 1 
$2-X 4 25 15-Jul 00:25 Deer Mouse 1 1 

l 
S2-X 5 2 17-Jul 22:38 Red Fox 1 1 
82-X 5 3 18-Jul 07:19 Blue Grouse 1 1 
S2-X 5 4 19-Jul 05:24 American Marten 1 1 
$2-X 5 5 19-Jul 07:13 Douglas' Squirrel 1 1 

j S2-X 5 6 19-Jul 07:22 Chipmunk 1 1 
82-X 5 7 19-Jul 08:00 Douglas' Squirrel 1 1 
S2-X 5 8 19-Jul 08:16 Douglas' Squirrel 1 1 

] S2-X 5 9 19-Jul 09:45 Chipmunk 1 1 

J S2-X 5 10 19-Jul 10:50 Douglas' Squirrel 1 1 
82-X 5 11 19-Jul 19:06 Clark's Nutcracker 1 1 

j $2-X 5 12 19-Jul 20:21 Mule Deer 1 1 
S2-X 5 13 19-Jul 22:37 Deer Mouse 1 1 
S2-X 5 14 20-Jul 01 :46 Red Fox 1 1 

J 

S2-X 5 15 20-Jul 07:44 Mule Deer 1 1 
S2-X 5 16 21-Jul 09:10 Douglas' Squirrel 1 1 
82-X 5 17 21-Jul 20:48 American Robin 1 1 
$2-X 5 18 23-Jul 06:22 Clark's Nutcracker 1 1 

n S2-X 5 20 23-Jul 10:39 Clark's Nutcracker 1 1 
S2-X 5 21 23-Jul 19:01 Mule Deer 1 1 
$2-X 5 22 23-Jul 22:33 Red Fox 1 1 

J 
$2-X 5 23 24-Jul 05:24 Mule Deer 1 1 
S2-X 5 24 24-Jul 05:28 Mule Deer 1 1 
82-X 5 25 24-Jul 23:25 Deer Mouse 1 1 

J 
_§.?~----~---- 26 ____ ~~=l~.L_9Jl:,35 __ Q!?.!!9!~,!_§.guirrel __________________ 1 ____________ 1_ 

$2-X 6 2 26-Jul 08:10 Douglas' Squirrel 1 1 
52-X 6 3 26-Jul 09:24 Douglas' Squirrel 1 1 
$2-X 6 5 27-Jul 09:02 Douglas' Squirrel 1 1 

0 52-X 6 6 27-Jul 20:56 Red Fox 1 1 
52-X 6 7 27-Jul 21:01 Red Fox 1 1 
S2-X 6 8 27-Jul 21 :06 Red Fox 1 1 

l 52-X 6 9 27-Jul 22:15 Deer Mouse 1 1 
52-X 6 10 28-Jul 07:08 Mule Deer 1 1 
S2-X 6 11 28-Jul 07:29 Douglas' Squirrel 1 1 

J 52-X 6 12 28-Jul 17:17 American Robin 1 1 
52-X 6 13 28-Jul 19:59 Douglas' Squirrel 1 1 
S2-X 6 14 29-Jul 09:57 Junco 1 1 

~ 
52-X 6 16 30-Jul 08:59 Blue Grouse 1 1 
52-X 6 17 30-Jul 10:38 Golden-Mantled Ground Squirrel 1 1 
S2-X 6 18 30-Jul 14:23 Douglas' Squirrel 1 1 
S2-X 6 19 31-Jul 09:23 Douglas' Sguirrel 1 1 

J 53-02 1 20 13-Jun 12:32 Chipmunk 1 1 
$3-02 2 22 02-Jul 23:16 Deer Mouse 1 1 
S3-02 3 4 13-Jul 03:52 Deer Mouse 1 1 

] $3-02 3 5 13-Jul 11:58 Chipmunk 1 1 
53-02 3 13 18-Jul 08:21 Clark's Nutcracker 1 1 
53-02 3 14 18-Jul 10:44 American Robin 1 1 

J 
S3-02 3 15 19-Jul 07:58 Douglas' Squirrel 1 1 
83-02 3 16 19-Jul 09:28 Douglas' Squirrel 1 1 
83-02 3 17 19-Jul 18:03 Chipmunk 1 1 

J 
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S3-02 3 18 19-Jul 19:47 Clark's Nutcracker 1 1 
S3-02 3 19 20-Jul 05:27 American Robin 1 1 
S3-02 3 21 20-Jul 11:10 Chipmunk 1 1 
S3-02 3 22 20-Jul 13:25 Clark's Nutcracker 5 1 
S3-02 3 23 21-Jul 09:31 Douglas' Squirrel 1 1 
S3-02 3 24 21-Jul 09:40 Clark's Nutcracker 1 1 
S3-02 3 25 21-Jul 11:07 Clark's Nutcracker 4 1 
S3-02 4 2 26-Jul 07:55 Douglas' Squirrel 1 1 
S3-02 4 3 26-Jul 09:00 Golden-Mantled Ground Squirrel 1 1 
S3-02 4 4 26-Jul 09:34 Junco 1 1 
$3-02 4 5 26-Jul 11:23 Northern flicker 1 1 
S3-02 4 6 26-Jul 17:11 Chipmunk 1 1 
S3-02 4 7 26-Jul 18:07 Golden-Mantled Ground Squirrel 1 1 
S3-02 4 8 26-Jul 18:24 Clark's Nutcracker 1 1 
$3-02 4 9 27-Jul 08:05 Douglas' Squirrel 1 1 
S3-02 4 10 27-Jul 09:02 Douglas' Squirrel 1 1 
S3-02 4 11 28-Jul 19:29 American Robin 1 1 
S3-02 4 12 29-Jul 09:02 Mule Deer 1 1 
S3-02 4 13 29-Jul 09:49 American Robin 1 1 
$3-02 4 14 30-Jul 06:26 Chipmunk 1 1 
S3-02 4 15 30-Jul 06:37 Douglas' Squirrel 1 1 
S3-02 4 16 30-Jul 09:09 Mule Deer 1 1 
$3-02 4 17 30-Jul 09:35 Chipmunk 1 1 
S3-02 4 18 30-Jul 09:47 Golden-Mantled Ground Squirrel 1 1 
$3-02 4 19 30-Jul 19:28 Northern flicker 1 1 
$3-02 4 20 31-Jul 06:56 Douglas' Squirrel 1 1 
$3-02 4 21 31-Jul 10:56 Douglas' Squirrel 1 1 
S3-02 4 22 01-Aug 06:04 Douglas' Squirrel 1 1 

__ §.~:Q,g ____ 1 ____ ~~---01-~!:JJLll:44 _pl'_l!9!~.'..§..q!:Jj~~!_ _____________________ _! ___________ 1_ 
Total 614 585 

Note: 
Each station is separated with a solid line, the dotted line is the 21 nights boundary 
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Table showing all Information recorded per station 

Site UTM-E UTM-N Start date End date M.A.N. T.N. Rolls Frames 
81-02 632903.7 4481616.6 12-Jun 30-Jul 46 48 7 119 
B1-X 632869.6 4481831 .0 25-Jun 30-Jul 25 35 5 91 
62-02 622100.6 4487469.3 03-Jun 30-Jul 45 57 8 173 
92-X 621984.1 4487256.6 25-Jun 30-Jul 25 35 5 126 
F1-02 630620.6 4485244.2 03-Jun 30-Jul 47 57 6 98 
F1-X 630658.0 4485460.3 25-Jun 30-Jul 33 35 6 125 
F2-02 621199.7 4488971.8 03-Jun 30-Jul 46 57 3 54 
F2-X 621038.2 4488930.5 25-Jun 30-Jul 23 35 5 123 

R1-02 624395.7 4476492.8 12-Jun 01-Aug 47 50 7 121 
R1-X 624551.0 4476377.9 26-Jun 01-Aua 24 36 3 29 
R2-02 629092.0 4486452.0 03-Jun 30-Jul 49 57 3 41 
R2-X 629243.7 4486304.0 25-Jun 30-Jul 24 35 6 126 
$1-02 624876.2 4478033.8 12-Jun 01-Aua 30 50 6 87 
$1-X 625178.5 4478243.9 26-Jun 01-Aua 24 36 6 124 
S2-X 627376.2 4481358.2 26-Jun 01-Aua 30 36 6 129 

$3-02* 627652.7 4481409.4 12-Jun 01-Aua 21 35 4 98 

~ 
*S2-02 was stolen between the 26/6/02 and 1/7/02, 83-02 was setup on the 217/02 
All stations with suffix 02 are un-baited, all sites with suffix X are baited 

Hits Misses 
18 85 
26 56 
61 99 
74 45 
12 69 
55 60 
28 10 
72 42 
15 92 
13 8 
18 7 
15 104 
31 41 
36 79 
79 41 
38 53 

•Veg. Type was described using "A guide to wildlife habitats of CalifomlaN Mayer et al. (1988) 

Key: 
MAN: Minimum Active Nights (same as ATN) 
TN: Total Nights 
CC: Canopy Coverage 
Hits: All photographs where an animal or object has triggered the camera 
Drops: Photographs where an unidentifiable subject has triggered the camera 
Miss: Photographs where no visable subject trigged the TM500 sensor. 
Test: Test photograph 
Cam H: Height, from ground level, of camera attached to a tree 
Dist: Distance from centre of TM 500 sensitive area to base of tree 
S.Area: TMSOO area of sensitivity 

Test Drops Elevation (m) 
16 0 2164 
9 0 21n 
13 1 1813 
7 1 1791 
17 1 1959 
10 1 1951 
16 1 11n 
10 0 2170 
14 0 2602 
8 0 2628 

16 0 1929 
7 0 1951 
15 0 2273 
9 0 2628 
9 1 2434 
7 0 2610 

• I I :_____] ....D CJ [_ 

Vea.Type cc Cam H (m) 
RFR2S 51 1.6 
RFR2S 82 1.35 
SMC2S 73 1.3 
SMC2S 52 1.5 
SMC50 95 1.35 
SMC5D 78 1.15 
PPN5D 97 1.45 
PPN5D 74 1.3 
MRl4P 85 1.2 
MRl4P 88 1.3 
MRl4P 88 1.2 
MRl4P 77 1.4 
SCN4S 58 1.2 
SCN4S 58 1.55 
SCN3S 69 1.5 
SCN3S 62 1.4 
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APPENDIX2 

Sensor Helaht Cm) Dist (m) Beartna S. Area (m2
) Camera Type 

1.3 2.8 20 1.33 Canon 
1.1 3.3 22 0.525 Olympus 
1.2 3.5 34 1.375 Yashica 
1.25 2.3 30 1.4 Olvmous 

1 3.1 14 1.47 Canon 
1.15 2.95 18 1.05 Canon 
1.2 3.5 18 2.34 Canon 
1.2 3.7 8 0.99 Canon 
1.1 3.5 44 1.3775 Yashica 
1.1 3.4 4 0.85 Cannon 
1.1 3.9 20 1.44 Yashica 

1.15 2.4 28 0.6 Canon 
1.1 3.1 4 1.5 Olvmous 
1.35 3.9 2 o.n Olvmous 
1.25 3.3 360 0.75 Olvmous 
1.2 3.1 13 1.103 Olvmous 
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Camera Station Monitoring Record - Lassen Fox Project rev 2 July 2002 

Station ID:-----------------------~onitoring Date: 

• lerson(s): _______________ Arrival Time:----------------

1M Data: Type of station (circle): TM 500 TM 1500 Other: ___ _ Entry Test Photo: 

0 
g 
,.., 
L Jait: 

l 

# Events: (see below for times of photo events) Camera batteries OK? -------
Camera on Exp#: __ Replaced (circle): film (label old roll w/date and code) batteries neither 

Confirm time I date correct: Sensor:. ____ Camera: ___ _ (comment below if necessary) 

Describe any damage: ----------------------------

Status of old bait: -------------------------------
New bait? (describe): --------- New scent I urine? (describe): 

'M Settings: Pulses:'"---- Pt: --- Cam Delay: __ _ Activity: 24 hr On: __ _ Off: ---r Before leaving, confirm station operational: sensor and event recorder work, camera takes photo (flash). 

Exit Test photo(s): Camera on Exp #: Sensor on Event#: Departure Time: __ _ 

L .iomments:~-----------------------------------

U rom the TM sensor record, note the times of the first 30 events at which photos were taken. (Do NOT record 
events for which no photo was taken. This is a check in case the photo does not show the time clearly.) 

~vent # Date Time Event # Date Time Event # Date Time 

n-
1_ 

·--

..., __ 

J 
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Camera Station Results - Lassen Fox Project rev 3 July 2002 

l uonlD: Code: Roll#: 

l llm In: Date: Time: Person(s): 

J 
Bait / lures used: Activity: On: Off: 

~l11m out: Date: Time: Person(s): 

Comment: 

hoto Results 
Frame Date Time Contents 

Q 1 
2 

0 3 
4 
5 

D 
6 
7 
8 

D 
9 
10 
11 
12 

D 13 
14 
15 

D 
16 
17 
18 

B 
19 
20 
21 
22 

D 23 
24 
25 

D 26 
27 
28 

0 29 
30 
31 

D 
32 
33 
34 
35 

D 36 
37 

J ummary # Exposures: Hits: Misses: Tests: Drops: Entered: 

D 
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D 
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0 

0 
l 
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l 
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l 
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APPENDIX4 

Spearman rank correlatron between canopy coverage and efficiency 

e1 
Soearman's rho Canoov coveraae Correlation Coefficient 0.162 

P-value (2-tailed) 0.549 
N 16.000 

Correlations 
e2 

Spearman's rho Canoov coverage Correlation Coefficient 0.231 
Sig. (2-tailed) 0.389 
N 16.000 

Correlations 
e3 

Spearman's rho Canoov coverage Correlation Coefficient -0.541 
Sia. (2-tailed) 0.031 
N 16.000 
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21 nights 100 nights 

n Tests of Normality Tests of Normality 
Kolmogorov-Smimov Kolmogorov-Smimov 

Species Statistic df Sig. Species Statistic df Sig. 

l 
SSH 0.520776 17 5.87E-14 SSH 0.51685 16 5.42E-13 
BG 0.485721 17 4.91E-12 BG 0.472153 16 1.02E-10 
ca 0.520776 17 5.87E-14 ca 0.536206 16 4.75E-14 

~ 
MO 0.520776 17 5.87E-14 MO 0.536206 16 4.75E-14 
NF 0.482463 17 7.28E-12 NF 0.493986 16 8.45E-12 
SJ 0.482463 17 7.28E-12 SJ 0.461719 16 3.23E-10 
GJ 0.520776 17 5.87E-14 GJ 0.536206 16 4.75E-14 

J CN 0.430781 17 2.55E-09 CN 0.458639 16 4.5E-10 
CR 0.477607 17 1.3E-11 CR 0.499442 16 4.44E-12 
WBN 0.520776 17 5.87E-14 WBN 0.536206 16 4.75E-14 , 
HT 0.520776 17 5.87E-14 HT 0.536206 16 4.75E-14 

~ AR 0.32605 17 3.76E-05 AR 0.355977 16 7.21E-06 
YAW 0.520776 17 5.87E-14 YAW 0.536206 16 4.75E-14 

D 
DEJ 0.485721 17 4.91E-12 DEJ 0.487918 16 1.71E-11 
FS 0.520776 17 5.87E-14 FS 0.536206 16 4.75E-14 
BIRDS 0.314807 17 8.79E-05 BIRDS 0.322257 16 9.46E-05 

n CHIP 0.33118 17 2.52E-05 SH 0.497944 16 5.3E-12 
CGS 0.478653 17 1.15E-11 CHIP 0.255871 16 0.006259 
GMGS 0.34312 17 9.68E-06 CGS 0.511831 16 1 E-12 
WGS 0.485721 17 4.91E-12 GMGS 0.313485 16 0.000176 
OS 0.366836 17 1.28E-06 WGS 0.509851 16 1.27E-12 
DM 0.480438 17 9.29E-12 OS 0.315372 16 0.000154 
SMAM 0.311647 17 0.000111 SMAM 0.218724 16 0.03939 

tl PORC 0.520776 17 5.87E-14 OM 0.470431 16 1.24E-10 
COY 0.520776 17 5.87E-14 PORC 0.497119 16 5.85E-12 
RF 0.520776 17 5.87E-14 COY 0.536206 16 4.75E-14 

j 
GF 0.520776 17 5.87E-14 RF 0.536206 16 4.75E-14 
BLB 0.316485 17 7.76E-05 GF 0.536206 16 4.75E-14 
AM 0.381204 17 3.SE-07 BLB 0.287693 16 0.00097 
MD 0.360496 17 2.24E-06 AM 0.380344 16 9.31E-07 

] LMAM 0.325932 17 3.79E-05 BOB 0.536206 16 4.75E-14 
TOTAL 0.367799 17 1.18E-06 MD 0.179248 16 0.179698 
a Lilliefors Significance Correction LMAM 0.219973 16 0.037248 

1 
TOTAL 0.195129 16 0.105031 
a Lilliefors Significance Correction 

J 

0 
1 
0 
J 
~ 

l 
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n 
Lassen Volcanic National Park species list- BIRDS 

Order . F.amity - Latin Name 
~ 

. . 
;rsN - J 

Anserlformes Anatldae Al~ lil22!lB 17__5_12J 

Anseriformes Anatldae AnHlil!;l!.!lll 115il~ 

Anseriformes Anatldae A!llil!i lil!D!!d!;l§!l!il ll~ 

Anseriformes Anatldae An!!!! i;;ll£12!H!!§ 17~ 

Anserlformes Anatldae A!llilli i;recca 175081 

Anserlformes Anatldae an1111 !Olr'.l!JQl2lg[!i! t 'Z508'l: 1 
Anseriformes Anatldae A!llil!i dl~QC§ j_'Z50&3i 
Anseriformes Anatldae A!ll!li 121mmJi!ns;ih2!! 17~ 

Anserlformes Anatldae Avthm !!Hi!ll!i ~ 

Anseriformes Anatldae ~hmi;;21111r1:1 U SJ.2E 

Anseriformes Anatldae &ibli!!i! mll!!la!i!d!i! 1751~ 

Anseriformes Anatldae Bmnm gnadgn§i!! ~ 

Anseriformes Anatldae amam !;llil!l!IQ!!a!iil!i !;ll!!llild!!a!il!i 17--500!: 

Anseriformes Anatldae B!.!!;l!i!l2bili! i!ltli21lil 175145 

Anseriformes Anatldae 8!,!!;l!i!l21Jl!IA i;;l!l!JO!.!llil 1151!1 D 
Anserlformes Anatldae lit!.!!;l!i!l2b!!li! llili!!ldlca 17__5_™ 

Anseriformes Anatidae r.h..,, ,.a<>n ''''"'"""!!. 17503E 

Anseriformes Anatldae QJi!9n!.!li i;iQIL!!!!t!IAC!L!!! !li98:l n 
Anseriformes Anatldae !:il!!!rloak11.1!! bl!i!rlon!!;;1.1!2 17__5_1~ 

Anseriformes Anatldae M!!!ll!.!!i mggn§gr 17518! 

Anseriformes Anatldae Q~um IAmA!!<!!n!!i!i 11.S.in 
Apodlformes . Apodldae A!!n21llil!.!l!!li a~mllli 111:1Yt11ll!i tzSQ_tf 

Apodiformes Apodidae l:;bi!i!l!.!m vgyxj 17aom 

Clconiiformes Accipltridae Aci;;i12ltgr '"2Q(2!i!rii ~ 1 
Clconiiformes Accipltrldae Ai;ii;;i121t11r ggn!lil!! lillri!;lll12illu!! ..17_530_1 

Clconliformes Accipltrldae Ai;ii;:l12U!i![ !ildi!l!.!!i 17530<! 

Clconiiformes Accfpltrldae Aauil11 !<b!'.lr'.B!i!tQ!! ~ 1 
Clconilformes Acclpltrldae 81.!!iQ l11m11!i;;!!n!!ili 11535!: 
Clconilformes Acclpilrldae §L!liQ 11i1DQl21i!li 1153n 

Clconilformes Accipltrldae 8!,!liQ rgg11li!i .1Z537l 0 
Clconilformes Acclpitrldae 8!.!liQ !i!'.i!IC!!!Q!J( .1Z536i 

1 
Clconllformes Acclpitrldae Qlai!.!!i !;llr'.!!!l!i!!.!!i 17543C 

Clconiiformes Accipitrldae H!!liH!!l!.!!i 1!!!.!~!!121:!111!.!!i ~ 

Clconliformes Acclpitrldae !:llilllliliil!.!!i 1!i!!.!'"2!;l!i!Dh!ill!.!!i 1!i!!.!!;l2'"!!12bi1!.!li 17__5_421 

Clconliformes Accipltrldae P1n!;!!2!:! hi!lllil!i!l!.!!i :1 7559C 

Clconiiformes Accipitrldae P!![!Q!2!J tl!llli!!i!l!.!!i !;ll![S!ll[!!!C!!il!i lli5a1 

Clconiiformes Ardeldae Am!i!i! h!!rodi!!!! 17477J 

Ciconilformes Arcteldae §QlGL!!J.!!i l!!ntiginQ!i!.!!i 17~ 

Ciconilformes Ardeidae B!.!!Q!'.!!;!!!!! !!lri!ill!.!!i .1ill~ 0 
Ciconllformes Ardeldae Qlil!i[!J!i!CS!Ql!.!!i lillb!.!!i 17Al l C 

Ciconilformes Ardeldae Egr!i!ll&! jh!,!1&!, 1_'ZA8_1_~ 

Ciconilformes Ardeidae Nl£i;;l!!;;Q[IX nlr'.!;l!ls;iQ!]!X 17~ 
] 

Ciconllformes Charadrildae QhlilmQd!.!!i li!i!rnl121i1lm1tuli ~ 

Ciconliformes Charadrildae Qhlilmdri!.!!! ~if!!D.!!i 17~ 

crconllformes Clconlidae Q1!b!ilrtu !ill.Im l1'526!i 

Clconliformes Clconlidae ~l!lb!ilr1!i!!! lill.!m !i!i!l21!i!nlriQn!!ll!i 1!S26i 
Clconiiformes Falconidae Fa('Q J;;QIYmbad!.!!i 17~~ 

Clconilformes Falconldae E!ls;i2 mgx!!;l11n1i1!ii 175600 

Clconliformes Falconldae Fe(s;iQ (2!!f!i19riny11 ~ 

B 



j 

D 
D 
J 

n 
1 

n u 

1 

l 

n 

D 

D 
n 

l 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Clconllformes 

Columblformes 

Columblformes 

Columblformes 

Columblformes 

Coracllformes 

Coracllformes 

Galllformes 

Galllformes 

Galllformes 

Galllformes 

Galllformes 

Galllformes 

Galllformes 

Grulformes 

Grulformes 

Grulformes 

Grulformes 

Passerlformes 

Passerlformes 

Passeriformes 

Passeriformes 

Passeriformes 

Passeriformes 

Passeriformes 

Passeriformes 

Passerlformes 

Passeriformes 

Passerlformes 

Passeriformes 

Passeriformes 

Passerlformes 

Falconldae 

Falconldae 

Falconldae 

Gavildae 

Larldae 

Larldae 

Larldae 

Larldae 

Pelecanldae 

Phalacrocoracldae 

Podlclpedldae 

Podlclpedldae 

Podlclpedldae 

Scolopacldae 

Scolopacldae 

Scolopacldae 

Scolopacldae 

Scolopacldae 

Scolopacldae 

Scolopacldae 

Columbldae 

Columbldae 

Columbldae 

Columbldae 

Cerylldae 

Cerylldae 

Odontophorldae 

Odontophorldae 

Odontophorldae 

Phaslanldae 

Phaslanldae 

Phaslanldae 

Phaslanldae 

Gruldae 

Rallidae 

Rallldae 

Rallldae 

Aeglthalldae 

Aeglthalldae 

Alaudldae 

Bombycillldae 

Certhlldae 

Certhlldae 

Certhlidae 

Certhlldae 

Certhlldae 

Certhlldae 

Certhlidae 

Certhlldae 

Certhlldae 

Cinclidae 

APPENDIX6 

Fal1<2 12!M!lildn!.!il! §Oi!l!.!!D 17-56Qf 

F!lll<Q ii!IH!rv!lri!.!il! ~ 

F11122 !!IH!Cl!!lri!.!!! 12!J11a11na -""1401 

!:a!i!vln lm!D!i![ ~ 

Yl[!.!!i !<i!llfQml1<!.!!! ~ 

L&!l!!! i;1111ow11ma11111 .11283!: 

St11mi! !<i!iiil2!il 17-6.9_2~ 

~!11!!1! 111112101 1Z.6:86f 

P!i!IEO!.!!! !i!!l1h12rh~!J!OhQ!! 17~ 

~h!ll1!1<~m21: &'!!.!di!.!!! 1_7_471] 

A~hmQOOQ[!.!!I ~l!;!!i!ntllfli! 1745ru 

~odl!jil2!! ali;irlcolllii! 17448f 

PQi;!ll~l2!.!!! !22"~ill!! 1745Qf 

~ill!! ml!!j!.!IDd!i! 1Z6612 

Qgll!;!rl!! mgy[j 176661: 

Qgll!;!d!i mlc!.!!lll!l 17Jl65f 

Q11!212l12121J2[!.!!! !!lill!!l1H1lm11•1.1!! 1766~ 

~lillli[!l!gQ SH!lli!J§gQ 17670C 

~!J!llDl212!.!!i !rl22!2[ ~ 

Td!lSll! m!i!li!!J2!!i!l&!l 17661E 

QQ!umbl! fl!§!jl!ll!il 1no6! 

Q2!um121! llvlll .1ZZQZj 

Z11a11!;!11 !D!ll<l2!.!l'.!l 1n12! 

Z!i!n1ii;!yr1 m11<12!.!£1 m11w1n111111 .i;;n1i;;R..! 

QgQ£11! glcvon 17_81 tE 

M!lil!!l<!i!n!li al1<~2a 17810E 

Qi!lllail2li! 1<alifQmlca 17587E 

QriQ!M! 12~1!.!!! 17~ 

QriQJta 12i!jlli!!i 12"'1!.!!i 17-58951 

!i!2C!i!!H! !.!!Dl2ill!.!!! 17579( 

D!i!asl!:l!!i112!.!!! 212!!!<!.![!.!!! 17-5861: 

Dg[!!;![!l!Hll2!.!!! 212!!!<!.![!.!!i !!li[[!!i mnJ 

MilBi;id!! ggl!212i!~ 17613~ 

!;2[!.!!! !<l!!li!!liin!!l!! 17Jltri 

F!,!ll!<i! l!!D!li:!!:il!!l!i! 116292 

PQ!J;i!Oi! !<§[Qlin!i! 176242 

Ballli!!i 11m1i;21a 11Jl2a1 

P!H!llri!H![!.!!! mlalm!.!!! 17876i 

PHllril2!l[!.!!! minim!.!!! Cl!lifgm~!.!!i 17876E 

E[imQgf]ll§ i!IRi!ilrl!! ~ 

Bom~ill!l c~mwm ~ 

Q1th!i![12i!! m11!!!1<1n1.1!! 1ZSfilO 

Qg[!hlD ll!!!!i!dl<l!!l!i! 17-8Sm 

Qg[!h!ll fgmll!llri!! z:!i!!gtg§ 17_8_7_m 

§!§lglni<l!i!li obsQlil!.!!! 17-861~ 

S!i!1121!le!ti ob1121111u11 ob§2l!i!l!.!ii! t'l861f 

Thrvom11n11:1 b!i!wii;kll 17-85fil: 

TroalQi;!~!i!!i! !!!i!SIQD 178541 

T[Qglod~!i!:i li!edQn 12!ldsmli!nli 57169~ 

T !'.QSllQi;!~i:i !!'.QSllQi;!vte11 ~ 

Ql!J~l!.!!i! l!!!i!!Sl!<i!D!.!!! 17853E 
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Passerlformes Clnclldae Qla~l!.!!i m!i!l!l!<l!a!.!!i !.ml!<2l2[ mMl 
Passeriformes Corvldae a12a!i!l2!0Q!!!I! ~Q!i!!l!IH~!i!!'.!11 17969~ 

Passeriformes Corvidae QQrY!.!!i !lrg~hit:rhit:n~hQ!i 179731 D 
Passeriformes Corvidae QQC!!.!!i !iQBl!I ~ 

Passeriformes Corvldae !:;it:l!n~l!!i! !il!i!ll!i!rl 17968f 

Pesseriformes Corvldae Qit:l!n~l!m :zigllgrl trs;ialt!ll!i ~ 

Pesseriformes Corvldae 1'::!1&ttnu;11 cQ!ym!;llgn11 ~ 

Pesseriformes Corvldae Pgrl!iQr!!!.!!i ~!li!!:l!!!J!il!i 1.7~ 

Passeriformes Frlnglllidae ~g!i!l!i!l!.!!i 12!JQ!i!n1~!!!.!ll ngv!:!!:!gn11111 ~ n 
Pesseriformes Frlnglllldae Ql!!S:l!.!!!1111 111wrga~!i!I 17~ 

Passeriformes Frlnglllidae Q1m!!.!!i!ll11 12lny11 17_9_2~ 

Pesseriformes Frlnglllldae Ql!!S:l!.!!!1111 12lnu!!! 12ID!.!!i 2_022~ 

Passeriformes Fringlllidae Ql!!Sl!.!!i!l[ll !lHlt!:!i 17~ 

Pesseriformes Frlnglllldae Ql!tsi!.!!!1111 lrl§tl!i 1N2_3f 

Passeriformes Frlnglllldae Qorood!lll!.!!i !<i!ll!lllnll 17_9t9!: D 
Passeriformes Frlnglllidae ~m!2!:!!lll!.!ll mgxl~ny§ 11-919_1 

Passeriformes Frlnglllidae Q11m!2!:!n1<!.!!ll ·'1!.!C12!.![!i!li!!ll 17_9_1_8f 

Passeriformes Fringlllldae Q11mQ!:!!!!<li!ll 12!.![12!.!r!illi!ll ~llfQmls;!,!§ 17_9_1_fil 

Passeriformes Frlnglllidae Qhond!l!il!!!i grgmml!!<li!!i .179371 

Passeriformes Fringlllldae Q~!i!2lbm1.1:ztu VU!H!!l[D!.!11 17_9_17~ 

Passerlformes Fringlllldae Q~i;;Qlh[i!,!!il!i!!i VU1H1r1lny11 !2f.2!2k§I -M147i D 
Passeriformes Fringlllldae !:l!i!a!:lts;!l!<i! l!!.!'11i!l2!l!ll l!!.!'111bonl -5014RJ: 

Passeriformes Fringlllldae l2!i!a!:IC!2l!<i! !<QCQD!i!!i 17-889_1 

Passerlformes Frlnglllldae Ognd[!;ll!<§ !<Q[Q[!l!!i i!ud!,!bonl 17-889_4 c 
Passerlformes Frlnglllldae D!!a!:lr21!<1! nlgr!i!!l!<!!"!i 17...88.9f 

Passerlformes Frlnglllldae Og[!!:!rgg Q!i!;il!;l!i!n!ill!i 17-890_2 

Passerlformes Frlnglllldae Q!i!!'.!Q[Qlca B!i!l~l:!!I 17...88.7J D 
Passeriformes Frlnglllldae D!i!!!s;![S;!g tQWO§!i!n!:ll 17__8filli 

Pesserlformes Frlnglllldae Eyg!!§.gli!!i mn!2!i!i!l2bl!lli!!i ~ 

Passerlformes FrlngllUdae !;aggltJlit:i;il11 !rlcha§ 17-8£M4 

l 
Passeriformes Frlnglllldae l::l!i!!il2!i!riohona V!!!i!H!rllni! !l!:QQ!s!![ 17Jltz:i 

Passerlformes Frlnglllldae l!;l!i!!l!!I ggl!;!!,!11! ~ 

Passeriformes Frlnglllldae J!.!llSlQ hit:!!!!li!ll!i 17_9_41_( 

Passerlformes Frlnglllldae J!i!!J!<Q hit:!i!!!!!i!llli th!.!!'.t!!i!d 17_9_4U 

Passeriformes Frlngillldae Jun!iQ Qrgnu§ lh!i!!'.t!!i!d -50152E 

Passeriformes Fringlllldae L!i!ll!i!2!ll!li;;t!i! !!~~ 17_9_22~ n 
Passeriformes Fringlllldae LQXll! J;;!,!M!!;!§l[l! 17_9_25.~ 

Passerlformes Fringlllldae l.!22511! !<!i!D!l!2!ilm ~n!:!lr!i!I 17_9_2fil 

Passeriformes Frlngillldae M!i!IQ!!l21~ lln!iQlnli 17~ 

Passeriformes Fringlllldae M!i!l2!i12f~ !i!lcolall 11111i;;Q!11 17948f 

Passeriformes Frlngillidae Mg1Q!il21~ ll!JSlglnli li!:!!<Qlnli ~ 

Passeriformes Fringlllidae M!i!IQ!iRI~ m!i!IQQll! 179492 

Passerlformes Frlnglllidae Mglglh[!,!!i !!l!i!r .11fil.12 
Passeriformes Fringlllldae Qi;!Q£2ml!i IQ!ml!i!I ~ 

Passerfformes Frlnglllldae Q122!l2ml!i tolml!i!I IQlml!i!I 17...89.42 

Passeriformes Frlnglllidae P!!!i!i!i!~!.!l!.!!i !il!!Jdwf2b!i!O!if!!! 11931~ 

Passeriformes Frlnglllldae E!i!H!il'!i!ll!i! il!l!<!i! 17~ 

Passeriformes Frlnglllldae P!!!i!i!i!T!i!)ll! 111&!;;1! fyfvl! 17-9!7J: n 
Passeriformes Fringillldae Pi!!i!i!i!T!i!!lll! lll!llll! mgrhit:!JSlhi! 17_9_47_5 

Passeriformes Frlnglllldae PH!i!!T!i!llll! lllll!~ §!<hl!ill!!<!i!I! LZ9_47i! 

Passeriformes Fringlllldae P!!!i!i~[!i!llg 1111!~ !!ID!.!Q!il! 17_9_4ZC 
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Passeriformes Fringillidae P!i!!i§!l!rl!JA DC!!m!CD 179151 

Passeriformes Fringilildae ~l:!!l!!.!!;1tl!1!.!!I mgj1a211111Dh1l!.!!i 17914( 

Passeriformes Fringillidae Pln!!;;2l11 111nu111u12r 17-920f 0 
J 

Passerlformes Frlngillidae PlgilQ !;1hlQC.!C.!!I 11931( 

Passerlformes Fringilildae Pl12llQ grvth!212l:Jl!:J1lmy§ 11921e 

Passeriformes Frlngillldae Pli;zilQ f!,!~!.!!I 17Jl~ 

Passerlformes Frlnglllldae ~lllCm! l!.!s!Qv[!;;j1CD 17988~ 

Passeriformes Frlnglllidae PQQm;gtg§ g131mln!l!li!!i 17936€ 

Passeriformes Fringlllidae S12lz111ll1 briW!l!d ~ 

Passeriformes Frlngillldae s121mn11 l;!rgwgrl l;!rgwga 17944~ 

Passeriformes Fringlllldae Si;ilz1111!1 llH!i!l!DCD mM35 
Passerlformes Frlnglllldae §12lmllli! lll!!Hli!rlnli! !i!rllQCiH~ ~ D 
Passeriformes Frlnglllldae Sl1.1m1111!1 agglecta 17-9039 

Passeriformes Frlnglllldae Vgrml~!li !li!!li!Sli! ~ 

Passeriformes Frlngillldae v1mnll!!2m 11mm 11i1t111!111111a11 17-885.5 D 
Passeriformes Frlnglllldae VgrmivQ!li !l!fi!<l!Rlilll 17Jlfili1 

Passerlformes Frlnglllldae V111!!Db!!2m wfl!<ll12illll i:k!awavl ~ 

Passeriformes Frlngillldae Wil!iQD!l 12!.!!illlD 17_8E 

Passerlformes Frlnglllldae w11112nlli! 12!.!!111111 ~h[l!!lgQlll 17_89_7j 

Passerfformes Frlnglllldae xaa11:!21111i;ib1t1i111 15!:!alb21111112hah,!!i ~ 

Passeriformes Frlnglllldae ZQ[JQJ~bl111t~glll1 17_9_46_1 

Passerlformes Frlnglllldae lQn2t~hlli! 1!1!!.!!CQl2he!§ 17_9_45f 

Passertformes Frlnglllldae ~[Jg!~l:JID l!1!1!~Ql2b!ll ~l!!be[ii 1_19!5'i 

Passertformes Frlnglllldae ZQ!!QJ~b!i! l!1!!.!~Ql2b!ll lgi&Ql2!:JC!!i 17_9_45f 

Passeriformes Fringlllldae Zo!!Qtrlch!ll l!i!!.!!e212':l!:l!§ QrianUm 17~ 

Passerlformes Hirundlnidae Hi[J.![!'1Q g~rrhQD!211i! ~ 

Passerlformes Hirundlnidae l::ll!l!a'1Q !l!!i!i!CD 17~ D 
Passerlformes Hlrundlnldae lrldQ!;![Q!<O!l! l;!lcQIQr 17~ 

Passerlformes Hlrundlnidae PCQgng !i!.!t!l!I ~ 

Passerlformes Hirundlnldae §tg!g!s;!Qi;it111~ !1!1!C!l12!1!an111 ~ 0 
Passeriformes Hirundlnldae Taieb~iela1111A t!l!CQ!Qr 17M3_1 

Passeriformes Hirundlnldae Tli!!Oh~~ing!A !t!llH!li!lA 1™21 
Passerlformes Musclcapidae Qli!l!lll!l!!i gulll!t!i!:t .rrme 
Passeriformes Musclcapidae Q1lha!J.!!i Q!,!tlal!,!!i !i!Hj!,!Ql!i!O§l!i 17_9_7_8;3 

Passertformes Musclcapidae Qli!l!:!§!l!!i !.!!llli!lli!t!.!!i .1.Z9Zm 
Passeriformes Muscicapldae Qgl!:!§!l!!I !.!!il!.!lli!l!.!!1 !.!!il!.!1111!.!§ 17_9_7fil D 
Passerlformes Musclcapldae M~li!!;!!i!!il!i!!i lQwnHndl 17~ 

Passeriformes Musclcapldae M~li!!;!!l!!!l!i!!i 12wn!iindl l2Ml!i!l!adl 17J!82f 

Passeriformes Muscicapldae Sl1i!l!ll~!.!!!!.!~2!!;!1i!!1 17-98_11 D 
Passeriformes Muscicapldae §j§Jlii! !!J!l!i!!l!Cf!O§ 17-98Qf 

Passerlformes Musclcapldae T!,!ri;1!.!!i mlg!l!tQrl!.!li 17Jl7_fil 

Passeriformes Musclcapldae I!.!!'d!.!!i mlg11!2d!.!!1 i;iCQi;ilagu!.!!I 1797~ D 
Passeriformes Parldae P!i!!l!li ~mb!1!1i .1Zfil.ll 
Passeriformes Parldae P!i!!l!!i Slli!mbi!!l li!bbrgvlli!l!.!!I 17872( 

Passerlformes Parldae ~D!l!!i la2mli!l!.!li ~ D 
Passeriformes Parldae PQ~llg g§.mggli ~ 

Passeriformes Passerldae Anth!,!!i !!,!besc!i!Oli 5M127 

Passerlformes Regulldae B!l!Sl!.!1!.!!i 2l!i!1!0Qul11 1I9.8"ll: 
Passertformes Regulidae B!l!Q!.!l!.!!i ~g1!1!!JQ!.!lli! ~IC!l!rll~!l!!.!!i 17_98_72 

Passeriformes Regulldae Rgg!,!1!.!!i Hl!liRD 17__986f 

Passerlformes Regulidae Rggulu!i :111tm12A 2!il!ll2!1!!.!:Z 119.8.61 u 

1 



..J 

J 
APPENDIX 6 

Passerlformes Slttldae Sllm ~nad!i!n§I§ 17_B7_a4 

Passerlformes Slttldae Sl!ll ~rgllngn§l:i 17Jl77_f 

Passerlformes Slttldae Sill&! ~rglin!i!n:il:i D!i!l:i!2£!I 17Jl77J: 

J 
Passeriformes Slttidae Shta ~rglln!!n§I!! tgn1.1l!i!!i!l!ml 17Jl7JK 

Passerlformes Slttldae S!!ll m'.9ffi!H!!I 17Jl7Jlf 

Passeriformes Slttldae Sill&! m'.g!IJHD lriSl!!!HD 17-8185 

Passeriformes Stumldae St1.1m1.111 vul~rl§ 17-963'i 

Passeriformes Sylvlldae QbD!!!Hli! fli!!Hik!!il _17882€ 

Passerlformes Turdldae lxgrgu:i aggvlu:i 17~ 

Passerlformes Tyrannldae !:!!2Dlm!!.!!i! bs!rall!i! 17836.! 

Passerlformes Tyrannldae Q!2£!tQl2!.!:i jlQQl2§d 554221 

Passerlformes Tyrannldae Qgatoo1.111 !!Q!l!ls;!!.!11.111 ~ 

Passerlformes Tyrannldae QQCtQ12!.!:i :iQ!l!l{,!!,!1!.!:! V!il!l!i!I 178361 

Passerlformes Tyrannldae Em12!s!2n1!5 i;!llltlll!i! ~ 

Passerlformes Tyrannldae Em121!;!2n1x h1mmgndll ~ 0 
Passerlformes Tyrannldae E!Il121.d2Dl!5 oberholad ~ 

Passerlformes Tyrannldae !:m12!!;!2n1>< tr111111 ~ 

Passerlformes Tyrannldae E!I!121'12D!i!!5 l!l!ll!ll !;!r~l!i!!:I ~ n 
Passerlformes Tyrannldae Em12idQD!i!!5 wag!:Jtll 17--™2 

Passerlformes Tyrannldae M!l!i!Jih!.!I! jllO!i!!l!:!!l!i!n§ mm 
Passerlformes Tyrannldae Sli!ll2m1:1 alg~a:i .11S33!: n 
Passerlformes Tyrannldae Tvraan!.!!! Y!i!r:llca!I!! 17--8281 

Passerlformes Vlreonldae VlcgQgllV!,!1! .119!m 
Passerlformes Vlreonldae VlcgQ gllvu:i §!t!i!I0§!2£!I .119Q2f 

Passerlformes Vlreonldae VlcgQ but12al 1Zfil!91 

Passerlformes Vlreonidae VlcgQ !ii2ll!i!rl!.!!! mrug 

Passerlformes Vlreonldae VlcgQ §Qlltarl!,!§ QA:!§lnlj 1Z9!lli D 
Piclformes Plcldae ~l!!l'1!i!:iffi!,!lj lftWl!i! 178200 

Piciformes Plcidae Q2l112l!i!!ii li!!.!£i!l!.!§ ~ 

Plclformes Plcldae Q2l1112t!i!§ l!!.!!1!t!,!§ s;gllgrl§ .1Z81fil! 
PicHormes Plcldae 0rQ;lQl2!.!!! gllggtl,!§ 11a1se 

Piciformes Picidae C!rQ;l212!.!!! gllHl!.!!! !!l21!i!ll!i!21g 1™.§e 

Piciformes Plcldae DrQ;lQl2!.!!ii 1211!!11t1.1!ii gl!;inu11 1™.§1 n 
Piciformes Picldae Mglgng!llft:i fQ!!!!l!;l~!l!:i 178185 

Piclformes Picldae M!i!l!!D!i!!llft!ii l!i!Wl!ii ~ 

Plclformes Picldae Pii;;Ql{i!n 11lt!2!1rv1t1.111 .11B25f D 
Plciformes Picldae PijlQi!;!n D!Jill!<!.!!i 11S_2_50 

Plciformes Picldae Pl!lQl!;!!i!!! 12ubescgn11 ~ 

Piciformes Plcidae PjjlQli;!!i!§; Vil[Qi!,!!! 17_8_2_6_2 D 
Piclformes Picidae S12hiir1121s;1.111 n1.1i;;hgl111 17-82_11 

Piciformes Plcidae S12hiim12l1<1.111 !l!t!!i!r 17Jl212 

Piciformes Plcidae S12h11m12lll!.!!! lhl!mi'1!1!.!!i! 17-82QI D 
Piciformes Picidae S12h11m12l1<!.!!i! thl!rgi!;!!!!.!I! th11ml!;!!!!.!!ii 17-82ru 

Piclformes Picidae §l;!h!1£112l!l!.!§ Vi!ri!,!§ 178202 

Plciformes Plcidae S12h!l!lll2i!l!.!:i vgrl!.!!i! !;!1gg!!tti 178207 D 
Strlglformes Caprimulgidae QhQa;!!!ilU ml[!Qr mm 
Strlgiformes Caprlmulgidae QhQ!I!!i!llU ml!!Qr !l!i!!i!i2§rl:i .111.9.S.1 

Strlglformes Caprlmulgldae Ph!!IHDQ12til!.!!i! n1.1!llllil ~ n 
Strlgiformes Caprlmulgldae Ph1IHDQl2lil1.111 nuim1111 ~ur2m1s;1.1:1 1.ZZ97l: 
Strlgiformes Strlgldae ~!!SIQll!.!!i! l!!<l!!;!l!<!.!1! 177_9_4_2 

Strlglformes Strlgldae ~§!Q fl1mm!!!.!§ ~ 
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Striglformes Strigldae 6!iilggt!,!lij 17793~ 

Strigiformes Strigldae B!.!bs! vlmlall!!J!.!!i ~ 

Strlgiformes Strigldae B!,!bo virgini1n1.1!i J21r;<lf!!;;!.!!i ~ 

J 
Striglformes Strigldae !;al1ur;;!Qlym gngma 17790~ 

Strlgiformes Strlgldae Ql!.!!i fll!!!!!!!i2l!.!!i mm 
Strigiformes Strigldae Ql!.!ll k1nnis;gttlj ~ 

Strigiformes Strigldaa §id!! !leb!.!l!l!i!I! .1119_2J! 

Strigiformes Strigldae §trlx Qr;;r;;i!;!immn:i ~ 

Striglformes Strlgldaa §id!! Q10r;;l!;!1omll!i Qr;;r;;!s!immll!i 177_9_2] 

Strigiformes Strigldae §lrix V§riji 177-92_1 

Trochiliformes Trochilldae Q1lmt11aa11 17_B03f 

Trochiliformes Trochilldaa §!1!1:112!:!!2!l!!ii !l!f!.!!ii 17_8!Mt 

Trochiliformas Trochilldaa §iill!.!ll! S<l!ll~ 17JKl41 

Unassigned Animal Unassigned Animal Qjl!jhl!i! li!mjlriQl!OI! ZjllQl!I:! -972M41 

Unassigned Animal Unassigned Animal Q!l!ltOO!,!!i S1!2!21H!d !!!l!ll!2ll!l!.!!i -9725021 J 
Unassigned Animal Unassigned Animal Di!l!;!!'.Q!QI! H!iJlva t!C11mt11d -97~r::;n~, 

Unassigned Animal Unassigned Animal lii1i112tm1:11.1:z S1:il!!l!2!<il2t!Al!.!!i mln!.!!ii&!.!IL!!i -97?M?'-

Unassigned Animal Unassigned Animal P!l;igl!;f1s vi1!!2!i!.!!ii grl!,!!i -972M.4C 

:--1 
J 

Unassigned Animal Unassigned Animal Pg~ilg gambi!t !!tltlrgvll!IL!:! _g7?r::;n<1c 

Unassigned Animal Unassigned Animal Pg~1111 mmtlili tli!llm11 -972M2~ 

Unassigned Animal Unassigned Animal SDhllrBRl!<!.!!i [!.!t!!lr !;f11gg1nl _97?r::;n<1i 1 
Unassigned Animal Unassigned Animal §12lz!l!l1121:1:111ri!!I! mri!;!!.!11! -97?r::;nr::;t 

1 
1 

1 

J 

J 
J 
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Lassen Volcanic National Park species list • MAMMALS 

Order Family StandardSc1entifioName . TSN 
Artlodactyla Antllocaprldae ~!Jlllsggm i!!!!!l!d~!JA 1_8!l71J 

Artlodactyla Bovldae ~li!.!a,!!i 1~ 

Artlodactyla Ceivldae Q!l!IVl.!li !l!IAE!h!.!li 1flOE J 
Artlodactyla Ceivldae OdQg!ll!l!!.!!i bgmlon!.!!i 1_8069E 

1 
Artlodactyla Ceivldae OdQg!ll!l!!.!!:i hgm!2D!.!!i i;;Q!umbli!n!.!§ -!;0174:= 

Artlodactyla Ceivldae Qs!Qg!ll!l!L!!i! b!l!ml2au11 b!i!ml2D!.!!i! -~1.,A~ 

Camlvora Canldae Qgnl11 111tmn11 18059'!: 

Camlvora Canldae Q1.ml!i! li!lrlm!i lg§lU ..!;ll1 !;.CV 

Camlvora Canida a Qgnl111!.!12!.!!i ~ 

Camlvora Canldae !.!~~Cl !<l!J!l!rgcgg!Jl!l!!.!!i 1806<M J 
Camlvora Canldae V!.!1120~1120 1S06CM 
Camlvora Felldae F!i!ll!! !t.2D!O!l2r ~ 
Camlvora Felldae F!l!llli !l!f!.!:! 20354i J 
Camivora Felldae !:.!all! !],!f!.!!! ~ 

Camivora Mephitldae M!l!121:!bili mgr;;ibltl!i! 1~ 

Camivora Mephitldae §gllQSH!l!l! 12!.!lQri!.!§ 18051t 
Camlvora Mustelldae Lulm ~Di!d!l!D!il:i 1-80Sn 

Camlvora Mustelldae Mi!rl!i!!i 11mgrlc11!:!1 1~ 

Camlvora Mustelldae M11i:m11 12i!na11ntl ~ 

Camivora Mustelldae Mu!i!jgj11 !i!!!Dlau 180S5! 
1 

Camivora Mustelldae M!.!!i!l!i!li! frgngm 18055.E 
Camivora Mustelldae Mu:1tg!g vi§Qn 16QSS~ 

Camivora Mustelldae Tg15fdUkl!5!.!!i lSOSB~ 

Camlvora Procyonldae Ba!i§i!!:l!i!<!.!!i i!§l!,!lU§ 113051] 

Camlvora Procyonldae P~2nl2t2r 1_.805_7~ 

Camlvora Ursldae !.!!li!.!!i 11mg~11n!.!§ ~ J 
Chlroptera Vespertlllonldae fiiglg§l!<!.!li f!,,!!i!!<!.!!i 180008I 

Chlroptera Vespertlllonldae Egtg§i!<!.!!i f!.!!i!!<!.!!i !;!gmg~IOL!!i -!l01AAI 

Chlroptera Vespertlllonldae bi!!i!Qa~tgrl:1 nQ!<tlvgimn!i! 1800JJ 
Chlroptera Vespertlllonldae !J!!!IL!!J.!!:i s;ila!l!r!l!!.!li 18001:i 
Chlroptera Vespertillonldee Mvotl§ i<DllfQm~!.!!i ~llfQmlc!,!§ -AA17H 

Chlroptera Vespertlllonldee ~tl!i!i!llQtl!i 17-999! 

Chiroptera Vespertillonldae M~l!i!l!.!Siif!.!!J!.!!:i .1ZS9!M 
Chiroptera Vespertlllonidee M~ll!i! l1&if!.!!JL!!i ~riHlm11 -~17Z 

Chiroptera Vespertlllonidae M~tlli l!'.Ql§n§ 17~ 

Chlroptera Vespertillonidae M~ll!i l!2li!D!i la!grlor .c;n1721 J 
Chlroptera Vespertlllonldae M~tlli l£!.!mliln!l!nlil!i 1800(),j 

Dldelphlmorphla Dldelphldae gj!;!g!gb!!:i v[rgla!i!nA l'l992j 
lnsectivora Soricldee §Qrgx mQDt1!<2!!.!!i 11995( 1 
lnsectivora Sorlcldae §Qrgx 12i!1!.!!!ld!i 1~ 

lnsectivora Sorlcldee Sorgx 12i!IL!litri:1 !)lvl!Ji!lQr -AA1AN 

lnsectlvora Soricidae §Qrgx trowbm!gll 17:99Sf J 
lnsectivora Soricldae §Qrgx v11gmn§ H~ 

lnsectlvora Talpldae ~!l!!,!IOlrlch!,!§ gl!;!b§li 1_ZW7J 

lnsectlvora Talpldee ~12i!"!.!!i l§i!lml!n!.!!i 1ma_1 

L.agomorphe Leporidae L!i!l2!.!!i !i!m!l!ri!<l!n!.!li l&lll~ 
J 

L.agomorpha Leporldae L!l!l2!.!!i ~lifoml!<u!i 1_80lli 

L.agomorpha Leporidae §l£lvll§9!.!§ O!,!lli!lli! 1_80_1_.2f 

L.agomorpha Ochotonldae Q!OIJQlQDl! Bd!l!<!i!l2!i 18l2lfil 1 
Roden ti a Aplodontlidae ~i;ilQ!;!Qnlil! !J.!f!I 18013:: 

Rodentla Castorldae Qa:ztg[ ~!llild!l!a:il!! 18Q2_ll 

Rodentla Dlpodldae ZAl2!.!!.! r;;iria!<!i!l;!li ~ J 
Rodentia Erethlzontldae E[!i!l!:llz2n QQJHtym 1~ 

1 
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Rodentla Erelhlzontldae Eri!tbl12n do~l!l!.![!! !i!l2IYnlh1.1m 0 501RA'l 

Rodent la Erelhlzontldae E:r!i!tbl12n !i!l21ynthum !i!l21ynjh1,1m -501RA.I 

Rodentla Geomyldae ThQ!!!Q!!ll!!ii m!2!Jll~A 18022i 
Rodentla Heteromyldae Dloodomir:1 !:l!i!!i!!IDl!DDI 1-002~ 

D Rodentia Heteromyldae P!i!!'.QQOlllhl.!!i £1(lfgmf!;;!,!1! 1JI02fil 
Rodentla Murldae Qlil!!dQDQ!!!~ !<Allf!2!!Jl!<!.!!i 1B029f 
Rodentla Murldae Ql!i!l!!rloDQ!!ll!I Q~!l~l2!i!!'.l 1~ 

Rodentla Murldae Mf!lrgl!,!§ IQDgf!lAL!s:l!.!!i ~ 

Rodentla Murldae M!!;;mtu:i mQDmnu:i .18031.!: 
Rodentla Murldae NggtQ!!!I! !<ln&r!l!!l 18!ra71 
Rodentla Murldae Nm;ilQ!!!I! Qln!i!r!i!ll Qg;js;!!i!!J!llll!i -~17-.i~ 

Rodentla Murldae Qas;!11tm lll:!m!:ll!<!.!!i mm 
Rodentla Murldae P&!'.Qml!li!<L!li bQir:lll 18028~ D 
Rodentla Murldae Pgmmir:!i!<L!!i mmal!:iulatu11 mm 
Rodentla Murldae f!l!i!!Jll!<Q[!!l!li f!Jl!i!!!Ded[l,!li 180355 
Rodent la Murldae RgtthrodontQ!!!~ maga12t111 1~ D 
Rodentla Sclurldae ~lll!.!!<Q!!!l!I Ht!ciDL!!ii t8!l1fil 
Rodentla Sclurldae Mll!ID!2!S! ft!lvlV!i!nlrili 1ll0_1_4! 

Rodentla Sciurldae §!:llL!a.!!ii !ld!iil!!ii 1ll0_17J: 
Rodentfa Sciurldae S12!i!rmQRl:lll1.11ii be!i!!<h!i!l!I 1l!Q_~ 

Rodentla Sclurldae Sl2!i!rmQl2!Jll!.!li l:!!i!!s!lngj ~ 
Rodentra Sclurldae S12!i!!!!!QRl:lll1.11ii l1!limll11 ~ 

Rodentla Sciuridae Tll!!!IH ll[!!Q!i!nl,!li 18019C n 
Rodentla Sciurldae T!lmlll!ii mga:!llml ~ 

Rodentla Sciurldae Ia!!!lll!i m(nlm1.111 18019f 
Rodentla Sciuridae Tamlllll Q!.!lls:!cimlli<!.!lllt!.!!ii too2JK D 
Rodentla Scluridae T11m!ll!i l!!i!n!i!X ~ 

Rodentla Sclurldae T11m!l!!i !il2!i!!<!!2!Hi!!i 1802.Qf 
Rodentla Sciurldae !am!l!!i!<l!.!rl!!i s;!Q!,!Q(Hil .18Qill: D 
Unassigned Animal Unassigned Animal !;;;lt!i!ll!.!li Qrji!gQnl,!li .97?i:;n?• 

Unassigned Animal Unassigned Animal !:!l!i!l!!dQDQ!!l~ m,12ggrl m1Gl!m!il .97?J:;n4 

Unassigned Animal Unassigned Animal !:ill!l.!QQ!ll~ !illbd!Jl.!!ii ll!!i!;l!la.!li ·97?AA.4F 

Unassigned Animal Unassigned Animal M11!ln llm!i!ci!;lll!:H! !il!i!!!H .97?AA.4~ 
D 

Unassigned Anlmal Unassigned Animal Mis;i!'.Qll.!I! IQnglcaud!.!I! 1!1!i!!l1Ht ·97?"'1..U 

Unassigned Animal Unassigned Animal Ml,!§IWA i!IDl!JB !DL!riQL!!i -972"'1.C: 

Unassigned Animal Unassigned Animal t'!!m:!l!2!!!!.! !<ID!i!ri!ll lltll!<2!i -97!:>~42 D 
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APPENDIX? 

High Elevation Brush RFR2S 

Photographer: T. Balzer Date: 30 July 02 

81-02 45 nights 100 nights 81-X 

GM Ground Squirrel 7 15 American Marten 
Mule Deer 3 7 Black Bear 
American Marten 2 4 Chipmunk 
American Robin 2 4 GM Ground Squirrel 
Chipmunk 2 4 Common Raven 
Stellers Jay 1 2 Common Porcupine 
Black Bear 1 2 Clarks Nutcracker 

American Robin 
Total 18 39 Douglas Squirrel 

Total 

Time: 15:40 

25 nights 100 nights 

8 32 
4 16 
3 12 
3 12 
3 12 
2 8 
1 4 
1 4 
1 4 

26 104 
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APPENDIX? 

Low Elevation Brush SMC2S 

Photographer: T. Balzer Date: 30 July 02 

82-02 45 nights 100 nights 82-X 

GM Ground Squirrel 26 58 Chipmunk 
Mule Deer 23 51 GM Ground Squirrel 
Chipmunk 4 7 Common Raven 
Cal. Ground Squirrel 3 9 Mule Deer 
Snowshoe Hare 1 2 Cal. Ground Squirrel 
Black Bear 3 7 Douglas Squirrel 

Snowshoe Hare 
Total 60 134 Stellers Jay 

California Quail 
Bobcat 

Total 

Time: 11 :48 

25nights100 nights 

29 116 
13 52 
10 40 
8 32 
3 12 
2 8 
2 8 
1 4 
1 4 
1 4 

70 280 
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APPENDIX? 

High Elevation Mixed Conifer Forest SMC5D 

Photographer: T. Balzer Date: 30 July 02 Time: 14:23 

F1-02 47 nights 100 nights F1-X 33 nights 100 nights 

Douglas Squirrel 5 11 American Marten 36 109 
Mule Deer 3 6 Mule Deer 6 18 
Common Porcupine 1 2 Douglas Squirrel 4 12 
Black Bear 1 2 Grey Jay 3 9 
Northern Flicker 1 2 Black bear 3 9 

Deer Mouse 2 6 
Total 11 23 

Total 54 164 
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APPENDIX? 

Low Elevation Mixed Conifer Forest PPN5D 

Photographer: T. Balzer Date: 30 July 02 Time: 10:19 

D 

D 

D 

f 1 

D 
46 nights 100 nights F2 .. x 23 nights 100 nights 

GM Ground Squirrel 

0 Chipmunk 
Douglas Squirrel 

0 Mule Deer 
Western Grey Squirrel 

J Total 

1 
t] 

L1 

~ 

1 

8 17 
7 15 
6 13 
5 11 
1 2 

27 59 

GM Ground Squirrel 45 196 
Chipmunk 14 61 
Black Bear 5 22 
Douglas Squirrel 3 13 
Mule Deer 2 9 
Western Grey Squirrel 1 4 
Dark eyed Junco 1 4 
Coyote 1 4 

Total 72 313 
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APPENDIX? 

High Elevation Riparian MRl4P 

Photographer: T. Balzer Date:1 August 02 

R1-02 47 nights 100 nights R1-X 

Mule deer 12 26 Black Bear 
Blue Grouse 1 2 American Marten 
Chipmunk 1 2 Douglas Squirrel 
Douglas Squirrel 1 2 Mule Deer 

YR Warbler 
Total 15 32 

Total 

Time: 09:29 

24 nights 100 nights 

7 29 
2 8 
2 8 
1 4 
1 4 

13 54 
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APPENDIX? 

Low Elevation Riparian MRl4P 

Photographer: T. Balzer Date: 1 August 02 

R2-02 49 nights 100 nights R2-X 

Mule deer 13 27 Grey Fox 
Chipmunk 2 4 Douglas Squirrel 
Douglas Squirrel 1 2 Sharp Shinned Hawk 
Mountain Quail 1 2 

Total 17 35 Total 

Time: 09:29 

24 nights 100 nights 

9 38 
4 17 
1 4 

14 58 
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APPENDIX7 

Low Elevation Sub-alpine SCN4S 

Photographer: T. Balzer Date: 26 July 02 

S1-02 30 nights 100 nights 81-X 

Chipmunk 11 37 American Marten 
Mule Deer 10 33 GM Ground Squirrel 
American Robin 5 17 Chipmunk 
Stellers Jay 3 10 Mule Deer 
Sharp Shinned Hawk 1 3 American Robin 
Blue Grouse 1 3 Douglas Squirrel 

Black Bear 
Total 31 103 

Total 

Time: 13:32 

24 nights 1 oo nights 

14 58 
7 29 
5 21 
4 17 
2 8 
2 8 
2 8 

36 150 
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APPENDIX? 

High Elevation Sub-alpine SCN3S 

Photographer: T. Balzer Date: 25 July 02 

83-02 21 nights 100 nights S2-X 

Douglas Squirrel 11 52 Red Fox 
Chipmunk 7 33 Douglas Squirrel 
Clark's Nutcracker 6 29 Mule Deer 
American Robin 4 19 Deer Mouse 
GM Ground Squirrel 3 14 Chipmunk 
Northern Flicker 2 10 Clark's Nutcracker 
Deer Mouse 2 10 Hermit Thrush 
Mule Deer 2 10 American Robin 
Dark-eyed Junco 1 5 GM Ground Squirrel 

Blue Grouse 
Total 38 181 WB Nuthatch 

Dark-eyed Junco 
Fox Sparrow 
American Marten 

Time: 14:53 

30 nights 100 nights 

19 63 
18 60 
10 33 
6 20 
4 13 
4 13 
3 10 
3 10 
3 10 
2 7 
2 7 
2 7 
1 3 
1 3 

78 259 
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APPENDIX8 

Photographs of all mammal species recorded throughout 
the study (with the exception of western grey squirrel) 

SNOWSHOE HARE (Lepus americanus) 

Date: 25 July 2002 Time: 20:44 Site: 82-X 
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Date: 18 July 2002 

Date:29 July 2002 

Time:08:12 Site: 82-X 

Time: 11:47 Site: 82-X 
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Date: 27 July 2002 Time: 14:03 Site: 81-X 

Date: 30 July 2002 Time: 06:37 Site: 83-02 
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Date: 4 June 2002 

Date: 18 July 2002 

APPENDIXS 
COMMON PORCUPINE Erethizon dorsatum 

Time: 23:54 Site: F1-02 

Time: 06:16 Site: F2-X 
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Date: 11 July 2002 

Date: 27 July 2002 

Time: 03:19 Site: S2-X 

Time: 02:14 Site: R2-X 
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Date:10 July 2002 

Date: 23 July 2002 

APPENDIX8 
BLACK BEAR Ursus americanus 

Time: 19:36 Site: B1-X 

Time: 17:52 Site: F1-X 



Li 

D 
D 

D 
D 
D 
D 
o 
D 
D 
D 

D 
D 

D 
D 
D 
D 
0 

Date: 25 July 2002 

Date: 18 June 2002 

Time: 05:09 Site: 82-X 

Time: 19:28 Site: S1-02 
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APPENDIX9 

Fig la: Establishing sensors 'sensitive' area for site 82-02 

Fig lB: Height photo and camera set up for site 82-02 
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APPENDIX9 

Fig 2A: Alternate Camera set up, F2-02 

Fig 2B: Side view for F2-02 


