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Abstract As a non-invasive monitoring method camera traps are noted as being an

effective, accurate and rapid means of compiling species richness estimates of medium to

large terrestrial mammals. However, crucial elements of camera trap survey design are

rarely empirically addressed, which has raised the need for both a standardised and opti-

mised camera trapping protocol. Our study confirms that an appropriate camera placement

buffer and targeting areas of animal activity, contributes to more complete species richness

estimates as well as significantly reducing the rate of false trigger events. However,

attaining the required survey effort in terms of camera days was the most important factor

in providing accurate species richness estimates. Our results suggest that reliable estimates

of species richness can be achieved in open scrubland when cameras are spaced 1 9 1 km

apart and left in the targeted area until a survey effort of a 1000 camera days is realised.

Keywords Camera traps · Survey design · Species richness · Terrestrial mammals · Cape

Floristic Kingdom

Introduction

Thorough and accurate estimates of species richness, diversity and distribution of wildlife

are essential to effectively guide conservation management strategies, policies and prac-

tices (O’Brien 2008; Tobler et al. 2008; Roberts 2011). Non-invasive monitoring with line
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transects (Trolle et al. 2008; Thomas et al. 2009), track and scat surveys (Sadlier et al.

2004; Gompper et al. 2006), track plate surveys (Gompper et al. 2006), scent post surveys

(Gompper et al. 2006) and more recently camera trapping (Silveira et al. 2003; Roberts

2011; Tobler et al. 2008) are considered more appropriate than invasive methods (e.g.,

radiocollars, Balme et al. 2009) for the assessment of multiple species over large geo-

graphic ranges.

The application of camera traps in wildlife monitoring and ecology includes the com-

pilation of species inventories (Cutler and Swann 1999; Silveira et al. 2003; Srbek-Araujo

and Chiarello 2005; Kelly 2008; Srbek-Araujo and Chiarello 2013), assessing activity and

habitat patterns (Cutler and Swann 1999; Maffei et al. 2002; Silveira et al. 2003; Dillon and

Kelly 2007; Birdges and Noss 2011), determining species presence and distribution (Cutler

and Swann 1999; Ahumada et al. 2011, 2013), survival and reproductive estimates

(O’Connell et al. 2011), population density and dynamics (Cutler and Swann 1999; Kar-

anth et al. 2004; Trolle and Kery 2005; Kelly 2008; Maffei and Noss 2008; Rowcliffe and

Carbone 2008), feeding and foraging dynamics (Cutler and Swann 1999; Harmsen et al.

2010; O’Connell et al. 2011), as well as aspects of avian nest ecology (Cutler and Swann

1999; O’Connell et al. 2011).

Key elements of camera trap survey design that need to be carefully established prior to

surveying include trap placement, trap spacing, trap density and trapping period

(O’Connell et al. 2011; Foster and Harmsen 2012). However, when considering survey

design, the question regarding the most efficient trap density, placement and arrangement

has rarely been empirically addressed (Gompper et al. 2006). Trap spacing directly

determines the survey gap between cameras and can therefore influence the capture

probability of a species and/or specific individuals within a species (O’Brien 2011). By

allocating trap spacing appropriately, the coverage of the survey area can be efficiently

maximised (Foster and Harmsen 2012). Trap spacing has been given specific consideration

in the context of studies addressing abundance estimation of a target species, whereby

spacing is tailored specifically to the target species and the type of habitat it utilises

(Karanth and Nichols 1998; Karanth et al. 2002; Dillon and Kelly 2007; O’Brien et al.

2010). However, trap spacing is also noted as a fundamental consideration for multispecies

studies and/or studies utilising occupancy modelling estimators (O’Brien 2008). When

considering multispecies surveys, selecting optimal trap placement for increased capture

probability of specific species may result in biased placement for the detection of other

species (Harmsen et al. 2010; Foster and Harmsen 2012; Mann et al. 2014).

Studies assessing terrestrial mammalian species richness vary considerably in trap

spacing, including \ 1 km (Trolle and Kery 2005; Di Bitetti et al. 2014), 1.5 km (Silveira

et al. 2003), 2 km (Tobler et al. 2008) and varied spacing between 1.75 and[ 5 km within

the same study (Srbek-Araujo and Chiarello 2013). Similarly, camera trap height varied

between 0.3 m and 0.5 m above ground in different studies (Gompper et al. 2006; Dillon

and Kelly 2007). Camera trap arrays may be linear or grid-based and placement may be

stratified, random or optimal for a particular target species (Silveira et al. 2003; Tobler

et al. 2008; Harmsen et al. 2010; Ahumada et al. 2011; Espartosa et al. 2011; Foster and

Harmsen 2012). Survey effort in terms of camera days also varies greatly (109–8725 days)

between studies (Silveira et al. 2003; Trolle and Kery 2005; Tobler et al. 2008; Rovero and

Marshall 2009; Ahumada et al. 2013; Srbek-Araujo and Chiarello 2013; Di Bitetti et al.

2014). Clearly there is a lack of standardisation in the use of camera traps across different

studies, which has stimulated debate on the need for a more consistent camera trapping

protocol (Cutler and Swann 1999; Dillon and Kelly 2007; Kelly 2008) that will encourage
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comparisons across study areas for the same species and for diversity estimates in different

habitats.

A standardised camera trap protocol that will provide optimal results across all habitat

types for all species is probably unrealistic. However, standardised protocols for distinctly

different environments based on broadly similar vegetation structure and target species

guild sizes might be feasible. An appropriate measure of standardisation would allow for

comparability and assessment of generalised trends across different environments, given

however that the limitations of survey design for certain species guilds such as arboreal or

small ([ 0.5 kg) mammals be considered. The aim of this study was to determine the most

accurate and efficient camera trap placement strategy, camera density and survey duration

to estimate medium-to-large mammal species ([ 0.5 kg) richness and distribution within

the Cape Floristic Kingdom of South Africa.

Methods

Study site

This study was conducted in the most southern part of the Table Mountain National Park

(TMNP) known as the Cape of Good Hope (CoGH) section that is fenced and 80 km2 in

size. To limit variables other than placement protocol and camera density influencing our

results we selected an area of 2 9 2 km (4 km2) within CoGH that was as homogenous in

vegetation type and structure, as well as topography as possible. The resultant site fell

within the Peninsula Sandstone Fynbos vegetation type (Mucina and Rutherford 2006),

Fig. 1 The stratified camera trap grids for both restricted placement (blue dots) and expansive placement
(red dots). The dotted circle indicates one camera point that was nullified due to camera loss
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with height above sea level for individual camera points ranging from 70 m to 110 m

(Fig. 1). The area experiences a temperate Mediterranean climate, with distinct seasonal

variation in both rainfall and temperature. Seasons are characterised by cold (averaging 7–

20 °C), wet winters and warm (averaging 15–27 °C), dry summers (Mucina and Rutherford

2006; Cowling et al. 1996). The majority of the vegetation within the study site is com-

prised of Fynbos shrubland, which is typified by restios, ericoid shrubs, proteoid shrubs,

leaf spinescence, high sedge cover and low grass cover (Rebelo et al. 2006). Historic

records indicate that 23 medium and large mammals potentially occurred on the broader

Cape Peninsula (Boshoff and Kerley 2001), whilst currently it is believed that there are 19

species left within the CoGH. These include eight antelope species ranging from the size of

cape grysbok (Raphicerus melanotis) to eland (Taurotragus oryx), one equid the Cape

mountain zebra (Equus zebra), one large rodent species the porcupine (Hystrix
africaeaustralis), eight small-to-medium carnivores of which caracal (Caracal caracal) is
the largest and one omnivorous primate species the chacma baboon (Papio cynocephalus
ursinus). However, the current status and presence of some species are uncertain as they

are known from old records or pooled species lists.

Survey design

Camera spacing/density

To enable direct and unbiased comparisons between different grid spacings, a sampling

area of 2 9 2 km (4 km2 study site) was populated with 25 Bushnell HD camera traps

which were evenly spaced with an oblique distance of 500 m between them. From this grid

we could selectively eliminate cameras in a stratified manner to provide richness estimates

that cover the same area, over the same time period, but at a camera spacing of 2 9 2 km,

1 9 1 km and 0.5 9 0.5 km (Fig. 2).

Camera placement

Two camera positions were used to assess the influence of camera placement (relative to

each grid point) on species accumulation curves and estimates of species richness. The first

Fig. 2 A schematic representation of the camera trap grid that was established within a 4 km2 patch of
Peninsula Sandstone Fynbos shrubland. The full grid incorporating 25 cameras spaced 500 m apart is shown
in A. In B the density of camera traps was reduced to nine (small dots represent grid sites with no camera) by
omitting data from 16 cameras and in C the density was further reduced to four cameras by omitting data
from 20 cameras
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camera placement was restricted to a maximum distance of 20 m from each grid point. The

second, which we refer to as expansive, allowed placement to a maximum of 120 m from

each designated grid point. Final camera placement positions varied between 10 and 115 m

from respective original GPS grid points.

Camera grid waypoints within the stratified grid were digitised in ArcMAP and located

in the field utilising a handheld GPS device with uploaded waypoints. Upon arrival at each

grid point, we searched firstly within 20 m and subsequently within 120 m for any sign of

animal presence including game trails, grazing lawns, scat and spoor. In order to reduce the

bias of placing camera traps for the increased capture probability of specific species, a

placement protocol was devised. For the restricted placement protocol, the surveyor

walked in a clockwise spiral from the digitised camera waypoint position until the 20 m

buffer mark was reached. The camera would be placed at the first area of animal activity

that incorporated field signs of more than one species, including tracks, scat, and/or for-

aging signs (Table 1). If no areas were located with activity signs of more than one species,

the placement would default to the first area found with signs of at least one species. If no

signs of animal activity were found at all within the 20 m buffer, the camera would be

placed in an area that provided the least obscured detection arc in terms of vegetation, as

well as elements of potential animal interest (rivers, streams, trail, opening/funnel in dense

vegetation, etc.). For the more expansive placement protocol, the same criteria were uti-

lised, but a clockwise spiral was walked until the 120 m buffer was reached. The more

expansive approach hypothetically increases the chance of discovering a placement with

multiple mammal signs. Signs of animal presence were categorised according to four levels

(Table 1) and we always attempted to position the camera at a level 4 site for both 20 and

120 m buffer zones. For each camera trap site, we further categorised the trail type based

on the intensity of animal use (Table 2) and recorded the strength of animal sign and

proximity to point/s of interest observed (stream, rocky outcrop, drainage line, ecotone/

habitat variation, none).

Camera traps were secured to wooden stakes at a height of 0.3 m from the ground

surface, which would allow for the detection of both large antelope and smaller species

such as mongoose (Tobler et al. 2008; Roberts 2011). Selected vegetation directly

obscuring the camera detection arc was cropped in a 2 m arc in front of each camera to

reduce false trigger rates associated with wind driven vegetation movement (Swann et al.

2004; Kelly 2008; Tobler et al. 2008). Care was taken to crop only the minimum selected

sections of vegetation required to allow for camera placement, thereby reducing any

subsequent impact on animal use. Camera placement did not include any form of baiting.

The selected camera trap settings was a trade-off between limiting false triggers due to

vegetation movement in response to the extreme winds experienced in this area and

Table 1 The four different categories of animal sign that were recorded within the survey grid where
1 = no sign and 4 = clear sign of mammal presence

Level Criteria

1 Trail and/or animal sign not present—no scat and spoor present

2 Trail and/or animal sign established, but not well utilised—old (dry, weathered, etc.) or minimal
scat and spoor present

3 Well established trail and/or animal sign with fresh (moist, intact, etc.) scat and/or spoor present

4 Well established trail and/or animal signs with fresh scat and/or spoor of 2 or more species
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maximizing detection probability. A 30 s delay or interval between trigger events were

selected but each trigger event comprised of three consecutive photographs to maximise

identification probability. Both the sensor and flash sensitivity were set to high. Infrared

flash was used to provide minimal disturbance to animals, whilst additionally reducing the

risk of human theft. High speed Lexar 16 GB SD cards (class 10) were used to store

images. Cameras were left to survey for 69 consecutive days within one season, namely

winter. Winter was chosen as it was the first available season to conduct the survey in,

whilst also potentially providing less excessively windy days (South African Weather

Service 2014) and therefore potentially lowering false trigger rates.

Data analysis

SD cards were downloaded twice during the study (after 30 days and at the end of the

study) and processed with the software CameraBase (Tobler 2003). Consecutive pho-

tographs of the same species at a given camera station were deemed independent if

photographs were taken [ 1 h apart (Bowkett et al. 2007; Tobler et al. 2008). The final

dataset was filtered to only include terrestrial mammal species with an average adult

weight (Skinner and Chimimba 2006) of more than 0.5 kg. Thus all small mammal and

rodent species, except porcupine were excluded from analyses. Each species was also

classified according to weight class and foraging group using Skinner and Chimimba

(2006). Weight classes delineated small (\ 5 kg), medium (\ 20 kg) and large ([ 20 kg)

species across herbivore, carnivore and omnivore foraging groups (Skinner and Chimimba

2006). Capture frequency, defined as the number of independent sightings of a given

species per 1000 camera days, was determined for each species.

Species accumulation curves were compiled for both restricted and expansive camera

placement protocols at each of the three camera densities (25, 9 and 4 per 4 km2). The

curve reached an asymptote when all focal species were recorded (Tobler et al. 2008).

EstimateS was used to compile sample-based rarefaction curves, with 1000 randomisation

runs (Colwell et al. 2004; Tobler et al. 2008). Species richness data for survey efforts of

four and nine cameras per four km2 yielded a Chao’s estimated coefficient of variation

(CV) of incidence distributions that were greater than 0.5 (0.85 and 0.56 respectively). This

necessitated the use of Chao’s classic estimator as opposed to the bias corrected option.

Survey effort of 25 cameras per four km2 yielded a Chao’s estimated CV of incidence

distribution of less than 0.5, therefore substantiating the use of the bias corrected option in

data analysis (Colwell 2006).

Table 2 The classifications of features used to define the area of animal activity

Feature Approximate
width

Definition

Management
track

2–3 m An anthropogenic trail established to accommodate vehicle access through
vegetation, either in use or disused

Hiking trail 0.3–1.0 m An anthropogenic trail established for recreational use by hikers, generally
accommodating single file hiking

Game trail 0.1–1.0 m A trail establish through continual animal use, varying in size relative to
the associated species and densities utilising the trail

None N/A N/A
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Three approaches can be utilised to account for undetected species, namely the use of

parametric species abundance distribution estimators, nonparametric species richness

estimators and the extrapolation of compiled species accumulation curves (O’Connell et al.

2011). The survey was conducted within one season and consequently non-parametric

species richness estimators were used under the assumption that community composition

remained the same, i.e., closed-community, and that variation in detection probability was

minimal (Chao 2004). Non-parametric incidence-based estimators used included Inci-

dence-based Coverage Estimator (ICE), Chao 2, first-order Jackknife (Jack 1) and second-

order Jackknife (Jack 2) to estimate species richness. The relationship between trail con-

dition at each site and species richness was assessed with Spearman’s rank correlation.

Results

Species richness and capture frequency

The camera trap survey yielded a total of 29,847 photos over the 69 day survey period. The

survey was expected to yield a total survey effort of 3450 camera days, but one camera

station on the restricted placement grid was not retrieved due to removal by either a

chacma baboon or a human (Fig. 1). In order to prevent bias in the comparative data

analysis between grids (expansive and restrictive), the associated expansive camera

positioning data at the respective grid point was removed to equalize survey effort per grid

type. Subsequently, the resultant survey effort for the study was 3312 camera days, or 1656

camera days per grid type (i.e., expansive and restrictive grids). Of the total photos cap-

tured, 1146 (3.84%) were of animals, whilst 28,701 (96.16%) were false trigger events. Of

the animal triggered events, 897 (78.27%) were of target species (medium and large

mammals), whilst 249 (21.73%) were of non-target species (Table 3 and Appendix in

Table 5).

A total of 299 independent large mammalian sightings were recorded, comprising 13

mammalian species in seven different families (Table 4). The most frequently recorded

species’ were bontebok (Damaliscus pygargus pygargus) (n = 115), red hartebeest (Al-
celaphus buselaphus) (n = 42) and chacma baboon (n = 34). The least frequently recorded

species were eland (n = 2), porcupine (n = 1) and large-spotted genet (Genetta tigrina)
(n = 1). Two recorded mammalian species were excluded from analysis as they were both

small rodent species (\ 0.5 kg), namely vlei rat (Otomys irroratus) and four-striped field

Table 3 A summary of the trig-
ger events and photographs taken
across the entire camera trap
survey for both the restricted and
expansive camera placement
protocols

Camera trap survey Positioning type

Expansive Restricted

Total number of photos captured 7338 22,509

Total number of trigger events 2446 7503

Number of false trigger photos 6591 22,110

Number of false trigger events 2197 7370

Number of animal triggered photos 747 399

Number of target species trigger events 187 112

Number of non-target species trigger events 62 21
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mouse (Rhabdomys pumilio). Additionally, 10 avian species and one reptile species were

recorded during the survey period (Appendix in Table 5).

Camera placement: restricted versus expansive grids

Species richness estimates were higher for the expansive camera placement method

(n = 13) compared to the restrictive placement (n = 10). Average capture frequencies (8.7

vs. 5.2) and the total number of sightings (187 vs. 112) were also higher for expansive

versus restricted placements (Tables 3, 4 and Fig. 3). Three species, namely marsh mon-

goose (Atilax paludinosus), porcupine and large-spotted genet, were only detected on the

expansive grid.

These patterns remained consistent with variation in camera trap density and the mean

number of species recorded per camera station was significantly higher (T = − 2.36,

p = 0.023, n = 24) for expansive (mean = 2.92 ± 1.5) versus restricted

(mean = 1.96 ± 1.3) placement. Furthermore, of the total 9567 false trigger events, 7370

(77%) were recorded on the restricted grid, whilst only 2197 (23%) were recorded on the

expansive grid.

Table 4 The number of sightings and capture frequency (sightings/1000 camera days) for each mammal
species ([ 0.5 kg) that were recorded in the restricted and expansive camera placement protocol survey

Order and family Species Common Name No of
sightings

Capture
frequency

Placement
type

Placement
type

R E R E

Carnivora

Felidae Caracal caracal Caracal 1 9 0.6 5.4

Canidae Vulpes chama Cape fox 8 12 4.8 7.2

Viverridae Genetta tigrina Large-spotted genet 0 1 0 0.6

Galerella pulverulenta Small grey mongoose 4 9 2.4 5.4

Atilax paludinosus Marsh mongoose 0 5 0 3.0

Artiodactyla

Bovidae Raphicerus melanotis Cape grysbok 2 4 1.2 2.4

Palea capreolus Grey rhebok 6 20 3.6 12.1

Damaliscus pygargus pygargus Bontebok 45 70 27.2 42.3

Alcelaphus buselaphus Red hartebeest 18 24 10.9 14.5

Tragelapus oryx Eland 1 1 0.6 0.6

Perissodactyla

Equidae Equus zebra Cape mountain zebra 10 14 6.0 8.5

Primates

Cercopithecidae Papio ursinus Chacma baboon 17 17 10.3 10.3

Rodentia

Hystricidae Hystrix africaeaustralis Porcupine 0 1 0 0.6

R restricted, E expansive
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The effects of animal sign

More placement sites with multiple signs of animals could be located using the expansive

(mean = 2, max = 4) versus restricted (mean = 1, max = 3) camera trap placement

protocol (Fig. 4). Similarly, the average number of species recorded per camera trap was

higher for the expansive placement (avg. = 3, max = 6) when compared to the restricted

placement (avg. = 2, max = 4) (Fig. 4). The number of species recorded was strongly

correlated to the quality of animal sign present (Table 1) for both the expansive (R = 0.82,

p\ 0.0001, df = 19) and restricted (R = 0.85, p\ 0.0001, df = 19) grids. Similarly, both

grey rhebuck (R = 0.66; p = 0.01, df = 12) and Cape mountain zebra (R = 0.62, p = 0.05,

df = 8) yielded strong positive correlations with sign quality. Species that yielded lower

linear correlations included bontebok, red hartebeest and small grey mongoose, whilst the

remaining species either did not yield any linear correlations or had insufficient data to run

correlation tests.

Camera density and survey effort

The overall shape of the rarefaction curves varied greatly with camera trap density (Fig. 5).

Only at the highest camera density (cameras spaced 0.5 km apart) did the species rar-

efaction curve show signs of reaching an asymptote (ca. 1000 camera days or 40 survey

days). The 95% confidence interval for this grid varied between ± 0.95 to ± 2.72 species,

but averaged at approximately ± 2.54 species in the latter half of the survey (Fig. 5a).

When survey effort was reduced to include a 1 km camera spacing, i.e., nine cameras

per 4 km2, the rarefaction curve seemed to commence smoothing-off towards the end of the

survey period at approximately 585 camera days or 65 survey days, but no asymptote was

reached (Fig. 5b). The respective confidence coefficient varied between ± 0.45 and ± 1.93

species during the survey period. Conversely, the 2 km grid spacing, i.e., four cameras per

4 km2, yielded no asymptote or appropriate curve due to insufficient survey effort and

resultant camera days (Fig. 5c). This is further supported by the respective confidence

coefficient, which increased consistently throughout the survey period.

However, when different camera spacing is expressed over the same survey effort

(camera days), similar trends and species richness estimates were obtained (Fig. 5d). At

250 camera days, all three grids produced between 7.31 and 8.07 species, whilst at 600

camera days the 1 km and 0.5 km grids produced 9.9 and 10.7 species respectively.
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First order and Second order Jackknife estimators reached an asymptote after 500

camera days at the highest camera trap density (0.5 km spacing), whilst Chao 2 and ICE

estimators yielded almost identical results at higher survey efforts, viz., 900 camera days

(Fig. 6a). Additionally, Chao 2 and ICE estimates were similar to the observed species

accumulation trend and provided closer estimates of species richness (13.5 and 14 species

respectively) than either Jack 1 or 2 (14.97 and 15.96 species respectively). Although Jack

1 and Jack 2 resulted in higher estimates of species richness than the observed, a similar

overall species accumulation trend was produced.

At a survey effort of nine cameras per 4 km2 (1 km spacing) all estimators were higher

than the actual observed species richness trend for the first 400–500 camera days (Fig. 6b).

Jack 2 and Chao 2 yielded comparable results with species richness estimates similar to the

observed values following 600 camera days. ICE and Jack 1 provided similar results with

final species richness estimates of 11.95 and 11.97 species respectively.

When capture frequency was grouped according to weight class and foraging group,

results indicated that the largest weight classes across all respective foraging groups

yielded the highest measures of capture frequency (Fig. 7). This noted relationship was

most apparent within the herbivore foraging group, with small herbivores yielding a 90.4%

lower capture frequency than that of large herbivores. Although carnivores adhered to this

noted relationship as well, the difference was less substantial than that of herbivores, with

small carnivores yielding a 25% lower capture frequency that medium carnivores.

Discussion

Species richness and capture frequency

The results from this study clearly indicate that both camera trap density and placement

have a significant effect on species richness estimates in a Fynbos shrubland environment.

Only cameras spaced at 0.5 km provided rarefaction curves that approached an asymptote

within the time frame of the study. Positioning camera traps near good quality animal sign

(Table 1) by relaxing the maximum offset from the specified grid points also improved

species richness estimates within the survey period. The nonparametric species richness

estimators used in this study to account for undetected species, yielded species richness

estimates of between 13.5 and 16 species, comprising between 79 and 94% of the total 17

expected species occurring within the CoGH (Fig. 6). Jack 1 and Jack 2 estimators yielded

0 

1 

2 

3 

4 

5 

6 

7 

Restricted Expansive

N
um

be
r o

f s
pe

ci
es

0 
0.5 

1 
1.5 

2 
2.5 

3 
3.5 

4 
4.5 

Restricted Expansive

St
re

ng
th

 o
f a

ni
m

al
 si

gn

Fig. 4 The relationship exhibited between camera placement types (restricted and expansive), species
richness and strength of animal sign

512 Biodivers Conserv (2018) 27:503–520

123



the closest species richness estimates to that of the expected total species occurring within

the study site, whilst additionally performing better than ICE and Chao 2 estimators under

lower survey efforts (\ 900 camera days). The performance of lower order Jackknife

estimators (Jack 1 and Jack 2) in this study concur with findings from a study conducted in

tropical forest, whereby Jack 1 and Jack 2 estimators performed the best out of five

estimators assessed at survey efforts exceeding 1400 camera days (Tobler et al. 2008).

Passive infrared camera traps, such as used in this study, are noted to produce less false

triggers when compared to active triggered traps (Swann et al. 2011). However, this study

yielded a significant quantity of false triggers, predominantly attributed to moving vege-

tation. Although cameras were checked and serviced after 30 days, this was not sufficient

to prevent false triggers related to vegetation regrowth within the 2 m detection arc

associated with camera points near rivers, streams or seasonal wetlands. A shorter service

time interval (Kelly and Holub 2008; Tobler et al. 2008) can be applied to curb vegetation

regrowth, but could be unfeasible in light of the required field time and human resource

requirements for extensive spatial and temporal studies (O’Brien et al. 2010; Ahumada

et al. 2011; Rovero et al. 2014). Furthermore, the majority of false triggers were associated

with vegetation movement beyond the 2 m cleared arc, particularly restiod and graminoid

vegetation. Furthermore, although increasing detection probabilities of certain species, it

conversely decreases the detection probability of other species (Hamel et al. 2013). The use
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of SD cards with larger memory capacity, combined with the use of automated sorting

software, could provide the most feasible long term solution.

Camera placement: restricted versus expansive grids

Studies throughout predominantly dense forest habitat have noted that camera placement

along areas of animal activity such as trails yield higher rates of capture success of multiple

or specific species (Trolle and Kery 2005; Trolle et al. 2008; Harmsen et al. 2010; Srbek-

Araujo and Chiarello 2013). Similarly, our results yielded greater measures of species

richness, capture frequencies and independent animal sightings by relaxing the maximum

offset from the specified grid points for all species except eland and chacma baboon which

yielded equal capture frequencies irrespective of placement criterion (Table 4).

Another factor greatly influencing recorded measures of species richness and capture

rates was the presence of a trail and associated quality of animal sign as per the established

criterion (Tables 1, 2). More established trails with a greater quality of animal signs yielded

higher measures of both species richness and respective capture rates (Fig. 4). The rela-

tionship exhibited between camera placement, trail presence and increased associated

species richness measures have been assessed in other studies and our results corroborate

these findings (Silveira et al. 2003; Trolle and Kery 2005; Gompper et al. 2006; Harmsen

et al. 2010; Srbek-Araujo and Chiarello 2013). However, both trail preference and

avoidance are documented within some studies (Trolle and Kery 2005; Tobler et al. 2008;

Mann et al. 2014), particularly where certain prey species (e.g., herbivores) avoid trails

and/or roads where large carnivores are present. One such example indicated trail avoid-

ance by tapir (Tapirus terrestris) and trail preference by numerous carnivore species

including puma (Puma concolor) (Trolle and Kery 2005). Results from our study do not

support any significant trail avoidance, but two species, namely small grey mongoose and

red hartebeest, appeared to be relatively impartial to trail presence. However, the absence

of large carnivore species ([ 40 kg) within the CoGH might explain the lack of trail

avoidance by mammals falling in the preferred prey size range of the absent predators.

0 

2 

4 

6 

8 

10 

12 

14 

16 

Small 
Carnivores

Medium 
Carnivores

Small 
Herbivores

Large 
Herbivores

Primates 
(Omnivores)

< 5 kg > 5 kg < 20 kg > 20 kg > 10 kg

Ca
pt

ur
e 

fr
eq

ue
nc

y

Foraging group and weight class
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Camera placement also influenced false trigger rates, which were significantly higher

for restricted placements. Together, these findings suggest that both species richness

estimates and false trigger events can be improved by optimising camera trap placement

with respect to signs of animal presence and selecting trails. Furthermore, the cropping of

vegetation is widely utilised across studies to reduce false trigger rates (Tobler et al. 2008;

Trolle and Kery 2005; Swann et al. 2011). Additionally, time-lapse settings have been

utilised as a further method to control for false triggers (Trolle and Kery 2005; Hamel et al.

2013).

Camera density and survey effort

Observed species richness estimates at different camera trap densities, but comparable

survey efforts, were similar at 275 and 620 camera days (Fig. 5d). These findings are in

accordance with those from two studies conducted in tropical forest ecosystems with South

American mammal assemblages (Srbek-Araujo and Chiarello 2005; Tobler et al. 2008).

Both studies reported almost identical final species richness estimates across different

camera spacing, but similar survey efforts (camera days). This suggests that it is not

camera density or spacing alone that is essential to compiling species richness estimates,

but rather survey effort in terms of the total survey period, the resultant number of camera

days and spatial coverage in terms of number of cameras. However, the assumption of

population closure considered essential for assessing site occupancy dictates that studies

need to be completed within more or less 70 days (O’Connell and Bailey 2011). This

implies that a certain minimum number of traps will have to be used to achieve the

required survey effort within the limited survey period. Another factor influencing the

minimum number of cameras required is the need for spatial representation across varied

habitat types within the study area when conducting both species richness and occupancy

studies. Therefore, in order to maintain population closure and increase the capture

probability of habitat specialist species, it is recommended that a minimum number of

cameras be placed in order to maintain population closure (\ 70 days) in a spatially

representative manner across the varied habitat types present.

Determining the asymptote in species richness assessments provides an indication of the

survey effort required to inventory the majority of species within a given study area

(Silveira et al. 2003; Rovero et al. 2014; Tobler et al. 2008; Ahumada et al. 2011; Roberts

2011). Studies within forest habitat types in South America have often reached asymptotes

between 500 and 1000 camera days (Tobler et al. 2008). Similarly, studies within wood-

land and grassland habitats reached asymptotes at approximately 400 and 870 camera days

respectively (Silveira et al. 2003; Roberts 2011). The total species richness results for our

study indicated that the majority ([ 90%) of recorded species could be detected with a

survey effort of approximately 1000 camera days, which corresponds to a study conducted

within south-central Tanzania (Rovero et al. 2014). Exceptions were eland, porcupine and

large-spotted genet that yielded capture frequencies below one within the study site and

therefore required more than 1000 camera days to be detected. Survey effort required to

capture more elusive, wide ranging and/or marginally distributed species can increase

significantly, as shown in a study conducted by Tobler et al. (2008), whereby resultant

survey effort could increase by three to six times of that required for more common

species. As many species of conservation concern are rare and elusive, this highlights the

need for long term and intensive studies that are able to accumulate the required survey

effort to provide adequate detection rates.
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The noted relationship between body weight/size and detection probability, whereby

larger animals exhibit higher detection rates relative to that of smaller animals, was

maintained for both the carnivore and herbivore foraging groups recorded in our study.

Accordingly, medium carnivore and large herbivore foraging groups yielded higher rates

of capture frequency than small carnivores and small herbivores respectively (Fig. 7). The

groups with the highest capture frequencies were large herbivores ([ 20 kg) and primates

([ 10 kg), which is not only a function of the relative body size of individual animals

within each species, but also the respective social organisation exhibited in most species

within these groups generally being that of a gregarious nature (Boshhoff et al. 2001;

Tobler et al. 2008; Harmsen et al. 2010; O’Connell et al. 2011). Although body weight/size

is a crucial contributor to respective detection probability, there are exceptions as in

Silveira et al. (2003) whereby certain species yielded capture frequencies contrary to their

weight class. Two exceptions within our study that corresponded with these findings were

eland and porcupine, which yielded the lowest recorded capture frequencies (Table 4). This

could be due to low population densities on a micro-habitat level within the study site.

Empirical evaluation of the survey design, including camera placement and survey

effort, are important for accurate and reliable species richness estimates when commencing

large scale and long term (e.g., annual repeats) surveys. Our results confirm that camera

trapping is an effective and rapid means of inventorying medium-to-large terrestrial

mammals ([ 0.5 kg) in a shrubland ecosystem, but that camera placement and survey

effort are critical elements of a successful survey design. Furthermore, although camera

placement height within our study was effective at recording species across a wide range of

weight and foraging classes, it could have limited detection efficiency for smaller bodied

(\ 0.5 kg) and/or arboreal mammal species.

Appropriate camera placement in terms of placement buffer and targeting areas of

animal activity, contributes to more complete species richness estimates as well as sig-

nificantly reducing the rate of false trigger events. False trigger rates were reduced by 54%

by appropriately placing cameras, which would contribute to greatly reduced time spent on

data processing and collation.

Attaining the required survey effort in terms of camera days was the most important

factor in providing accurate species richness estimates. A minimum of 1000 camera days

was required to record the majority of species present on site, whilst three species could

require up to 1600 camera days to be detected. These three species are not regarded as rare

within the broader protected area, but could be sparsely distributed and/or represented

within the given study site on a micro-habitat level. For the detection of more elusive

species, between 1600 and 3000 camera days could be required (Tobler et al. 2008; Srbek-

Araujo and Chiarello 2013). An alternate strategy for capturing very rare species could be

to sample at a moderate intensity across multiple study sites, compared to sampling

intensively at fewer study sites for more common species (MacKenzie and Royle 2005).

Survey design must however be tailored and focused to meet the research objectives. If

species inventories are the objective, survey effort should take precedence over camera

spacing and number of camera points. Conversely, if occupancy studies are the objective,

then the number of camera points, i.e., spatial coverage, can be as important as the resultant

survey effort per sample area (MacKenzie et al. 2002). Two assumptions impacting the

resultant camera spacing that need to be considered during occupancy studies include

independence and population closure (O’Connell and Bailey 2011). Our results suggest

that reliable estimates of species richness can be achieved in open scrubland when cameras

are spaced at a minimum of 1 9 1 km apart and left in the targeted area till a survey effort

of a 1000 camera days is realised. In the case of CoGH that will imply 82 cameras
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deployed for 12 days. However, depending on survey area size the number of cameras and

consequent spacing needs to be adjusted to meet the assumption of population closure

considered to be realised in less than 70 days. Furthermore, this 1 km stratified spacing

would provide the spatial representation required to determine site occupancy of species

present, whilst maintaining independence as well (O’Connell and Bailey 2011). Con-

ducting extensive surveys at a stratified grid spacing of 0.5 km would not only negate

independence, but become excessively labour (time) and cost (number of cameras)

intensive.

Appendix

See Table 5.
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