
Environmental influences and habitat associations of reticulated giraffes as revealed by 

camera traps 

Introduction:  

Camera trapping is a method for assessing species population size, distribution, habitat use, and 

behavior. This survey method facilitates knowledge and protection of wildlife and natural 

ecosystems (McShea, Forrester, Costello, He, & Kays 2016; Agha et al., 2018; Moo, Froese, & 

Gray 2018; O'Connor et al., 2019). One disadvantage of camera trapping and other survey 

methods is recording false absences, whereby the species is present but not detected by the 

camera. Dynamic occupancy modeling is a method to address this bias and produce reliable 

estimates of site occupancy, colonization rates (γ), extinction rates (ε), and detection probability 

(p) (Mackenzie et al., 2002; Fiske and Chandler, 2011). These metrics are critical for 

applications in long-term monitoring programs and meta-population studies and can contribute to 

species conservation efforts. 

Giraffes (Giraffa camelopardalis) across Africa have declined by ~40% in the past 30 years, 

from over 150,000 individuals to less than 100,000 (Muller et al., 2017). Giraffe decline is 

primarily a result of habitat loss, land degradation, climate change, and illegal poaching 

(O'Connor et al., 2019). Historically, giraffes existed primarily outside of protected lands. 

However, giraffes are becoming restricted to formally protected lands as natural spaces continue 

to shrink and become degraded (O’Connor et al., 2019). Giraffes provide services such as 

opening habitat, stimulating forage growth, seed dispersal, pollinating flowers, and acting as 

watchtowers for other species (Muller et al., 2017). Despite their ecological importance and well-

known stature, there exists a lack of scientific research on giraffe ecology and much remains 

unknown about their distribution, abundance, and occupancy (Fennessy et al., 2008; O’Connor et 

al., 2019). So little is known about the giraffe that, until recently, it was believed that only one 

species (Giraffa camelopardalis), and nine subspecies existed (Giraffa camelopardalis 

peralta, Giraffa camelopardalis antiquorum, Giraffa camelopardalis camelopardalis, Giraffa 

camelopardalis reticulata, Giraffa camelopardalis rothschildi, Giraffa camelopardalis 

tippelskirchi, Giraffa camelopardalis thornicrofti, Giraffa camelopardalis angolensis, 

and Giraffa camelopardalis giraffa) (Fennessy et al., 2016; O’Connor et al., 2019). However, 

recent multi-locus genetic analysis revealed strong evidence for four separate species of giraffes: 

Giraffa camelopardalis (northern giraffe), Giraffa giraffa (southern giraffe), Giraffa 

reticulata (reticulated giraffe), and Giraffa tippelskirchi (Masai giraffe) (Fennessy et al., 2016). 

Under this new taxonomic breakdown, the reticulated giraffe was up-listed from “Vulnerable” to 

“Endangered” on the IUCN Red List, making conservation efforts more important (IUCN 2019). 

Reticulated giraffes have experienced a dramatic decline of ~50% in the past 30 years, from 

~36,000 individuals to a current estimate of 15,780 (Stacy-Dawes, Pers. Comm.). Reticulated 

giraffes occupy a limited geographical range, primarily in northern Kenya and extending into 

southern portions of Ethiopia and Somalia (Muller et al., 2017; O’Connor et al., 2019).  

In northern Kenya, wild spaces are shrinking and fragmenting as they become tapped for human 

use (Okello, O’Connor & Young, 2001). Habitat loss and fragmentation, caused by exponential 

livestock and human population growth, are among the primary causes of the giraffe's declining 



numbers (Okello, O’Connor & Young, 2001). Between 1977 and 2013, wildlife in Kenya’s 

rangelands declined on average by 68% (Ogutu et al., 2016). During this period, goats and sheep 

increased by 76.3%, camels by 13.1%, and donkeys by 6.7%, while giraffes declined by 67% 

(Ogutu et al., 2016). These increases in livestock have occurred in areas that overlap reticulated 

giraffe habitat, exacerbating strain on protected lands as humans use more land for development 

and encroach into wild spaces for grazing (Ogutu et al., 2016).  

Drought conditions are also considered a cause of reticulated giraffe decline (Stacy-Dawes, Pers. 

Comm.). Kenya experiences annual dry and wet seasons. The wet season includes two periods: 

the 'long rains', which deliver the heaviest rain and extends from late April to early June, and the 

'short rains', extending for a few weeks between November and December. The peak dry season 

occurs between the 'long rains' and the 'short rains', roughly from mid-December to March. 

Although seasonal dry periods are a natural occurrence in Kenya, the length and intensity of 

these periods are increasing due to global climate change (Huho et al., 2012).  

The objectives of this study are threefold: (1) to utilize dynamic occupancy modeling to assess 

the habitat and environmental correlates influencing the probability of reticulated giraffe 

occurrence at camera trap sites, (2) to assess whether the presence of livestock displaces giraffe, 

and (3) to assess the habitat and environmental covariates that impact the presence or absence of 

giraffe at camera trap sites. Understanding the habitat associations of reticulated giraffes is 

critical for providing information about population changes over time and the factors driving 

those changes. Thus, this information will increase ecological knowledge of the reticulated 

giraffe and subsequently aid in their conservation. 

Methods: 

A camera trap study with a primary focus on the reticulated giraffe has been active on Loisaba 

Conservancy since February 2016. Loisaba Conservancy (center: 0.517°N, 36.815°E; mean 

elevation: 1,735 m) is located in northern Laikipia County, Kenya, and has a mix of Savanna 

grasslands (Open Grasslands) and mixed acacia woodlands (Acacia reficiens-Acacia mellifera 

Open/Sparse Woodlands) habitat (Unks, R Pers. Comm.; Pilfold et al., 2019). Its unfenced 

borders neighbor several other protected areas and pastoralist communities including Mpala 

Research Centre, Koija, Naibunga, Ilmotiok, Ol Dnyiro, Sagumai, and Kirimon (Stacy-Dawes, J. 

Pers. Comm; Ruppert et al., 2020). 

80 cameras were set out across a 207 km2 grid, offering systematic coverage of the entire study 

area. 15 camera trapping surveys over four years resulted in approximately 3 million images. The 

cameras deployed were Bushnell Trophy Cam HD cameras. The cameras collected one image 

per burst on 'auto' sensitivity, whereby the camera monitored ambient temperature and 

automatically adjusted the trigger signal to its current operating temperature (Bushnell, 2014).  

This study utilizes two years of camera trapping data from February 2016 to September 2017, 

representing coverage of 68 camera trap locations and a total of 3,373 camera trapping days. 

Citizen scientists classified the images on Zooniverse (www.zooniverse.org), an online interface 

that promotes volunteer participation as a crowdsourced method for data processing (Cox et al., 

2015). On this project, called Wildwatch Kenya (www.wildwatchkenya.org), each image was 

http://www.zooniverse.org/
http://www.wildwatchkenya.org/


circulated to 10–20 volunteers (mean = 10) before it was retired, depending on agreement among 

volunteers (Egna et al., 2020). Expert verified data suggests that Wildwatch Kenya has an overall 

accuracy of 83.4%, and giraffe images an accuracy of ~76% at images from Loisaba 

Conservancy (Egna et al., 2020). Inaccuracies resulted from cameras being triggered by moving 

vegetation and capturing images containing giraffes too far in the distance for citizen scientists to 

see (Egna et al., 2020). Thus, citizen scientists falsely classified these images as empty when 

they contained giraffes, which consequently underestimates giraffes in the dataset used for this 

study. 

Image Processing: 

Following the methodology by Swanson et al. 2016, a simple plurality algorithm aggregated the 

multiple volunteer answers into one answer, reporting the result that had the majority number of 

votes for each image. Metadata including camera site, date, and time was extracted from the 

images using the “Exifr” package in R software (R Development Core Team 2011). Incorrect 

dates were corrected by cross-referencing a camera trap protocol document which recorded the 

camera trap site, dates, and location of the camera trapping session. I added latitude and 

longitude to the image metadata by matching the protocol document to the image by camera site. 

I then used the R package “camtrapR” to create record tables of the instances of giraffe and 

livestock, as well as the associated dates, times, and camera trap site. 

Covariate Analysis: 

To assess habitat covariates associated with reticulated giraffe occupancy, I assessed six habitat 

features at each of the 68 camera trap locations. These included landcover classification, slope, 

distance to the nearest water source, distance to the nearest human-settlement enclosure, and 

distance to the conservancy boundary. Landcover was assigned to the camera trap locations 

based on location. Camera trap landcover classes included mixed perennial grasses, mixed 

perennial grasses with shrub or Acacia spp. canopy, Themeda triandra dominant, Digitaria 

milanjiana with mixed herbaceous species, dense escarpment or lagga vegetation (Croton 

dichogamus, Acacia brevispica, or Euphorbia spp.), and water (Unks, R Pers. Comm).  

I calculated slope using a Digital Elevation Model (DEM) from the United States Geological 

Survey repository. I calculated distance from human-settlement enclosures and distance from the 

conservancy boundary, which indicate human disturbance and presence on the landscape. Other 

covariates assessed included year, season, and the number of trapping days for each camera site. 

Lastly, I calculated the livestock trapping rate by dividing the number of images of livestock, 

buffered by two hours, by the number of trapping days for each camera site.  

Occupancy Modeling Analysis: 

Occupancy analysis, conducted in the R software (R Development Core Team 2011) package 

"unmarked" (Fiske and Chandler 2011), followed protocols described in MacKenzie et al. (2003) 

using a likelihood-based method for estimating the probability of site occupation (ψ). I created 

an occupancy matrix with a sampling occasion (i.e., matrix resolution) of 30 days using the 

camera trap data from 2016 and 2017. I implemented a multi-season occupancy model, where 



colonization (γ) and extinction (ε) probability govern changes in occupancy. Occupancy was 

modeled both with and without covariates. I then built a camera operation matrix to look at the 

frequency and length of camera operations across the survey. 

Errors with the camera trap survey prevented further completion of this analysis because not 

every site was sampled during every occasion and because some cameras malfunctioned. Future 

analysis of the entire camera trap dataset representing complete coverage of the 80 camera sites 

across all survey years is needed to complete this analysis. Future steps will include ranking the 

model candidates using the Akaike information criterion (AIC) and selecting the top model 

based on the lowest AIC score. I will then look at the prediction grid of estimated occupancy 

probabilities at each of the camera trap sites and the associated covariate variables. 

Livestock-Giraffe Interaction Assessment: 

To determine whether livestock are displacing giraffes at camera trap locations, I used the R 

package "camtrapR" to look at the overlapping dates and times of livestock and giraffe records at 

specific sites. First, an overlap coefficient (𝐷̂) was calculated for all giraffe and livestock images 

at all locations to assess the times of day that giraffe and livestock are typically active. 𝐷̂ is 

calculated using vectors of densities at t equally spaced times between 0 and 2π (Schmid & 

Schmidt, 2006). Looking at the activity of giraffes and livestock at all locations and dates 

addresses the assumption that giraffes and livestock are active during the same time of day when 

in separate habitats. Next, I calculated the overlap coefficient at the sites containing a high 

occurrence of giraffe and livestock over one week to assess the direct overlap, or lack thereof, 

between the two species at a particular location (Figure 4).  

Giraffe Presence Absence Analysis: 

I implemented a binomial generalized linear model (GLM) to look at the covariate factors 

influencing the presence or absence of giraffes at the camera trap sites. Variable collinearity 

using the Pearson correlation coefficient revealed that distance to human settlement correlated 

with distance to the boundary. Thus, I excluded the distance to human settlement from the GLM, 

leaving eight remaining covariates. I used stepwise AIC to test all possible combinations of the 

covariates on the dependent variable (presence or absence of giraffes). I removed insignificant 

variables and selected the resulting best model with the lowest AIC using the R package 

"AICmodavg" (Mazerolle 2021). Lastly, I performed a chi-squared test to test the model's 

goodness of fit. 

I also conducted a post-hoc GLM analysis on each year separately. I created two separate 

datasets for 2016 and 2017, ran the full binomial GLM, including all covariates, then selected the 

best model for each year using stepwise AIC. 

Lastly, further post-hoc analysis included assessing the Normalized Differential Vegetation 

Index to address a potential reason for differing presence and absence rates between 2016 and 

2017. NDVI is a vegetation index used to determine the level of live green vegetation on a 

landscape and is derived using the red and near-infrared bands with the formula (NIR - R)/(NIR 

+ R) (Karnieli, 2010). Because drought conditions are naturally associated with a loss in 



vegetation state and cover, NDVI is particularly useful in monitoring drought conditions. I used 

10m resolution Sentinel-2 satellite imagery to assess NDVI on Loisaba Conservancy from 2016 

to 2020. For each year, an image was obtained from early February, representing the height of 

the dry season. Images were selected as close to the same day as possible across years (ranging 

from February 3rd to February 14th) while minimizing the amount of cloud cover to less than 

30%. After selecting the appropriate images, Dark Object Subtraction, the process by which 

multispectral data are processed and corrected for atmospheric scattering caused by haze 

(Chavez, 1988), was applied in the ENVI image analysis software (Exelis Visual Information 

Solutions, Boulder, Colorado). I calculated NDVI for each year from 2016 to 2020 using ENVI's 

vegetation index calculator. I then calculated the change in NDVI by subtracting the NDVI layer 

of the earlier year from the NDVI of the later year in ESRI ArcGIS Pro (ESRI, Version 2.6.0).  

Results: 

The camera trap study between 2016 and 2017 resulted in 2,071 images of giraffes occurring at 

19 of the 68 camera trap sites. Only 12 stations had a giraffe trapping rate greater than 0.5 

(Figure 1). 1,238 images of individual instances of giraffes resulted when images captured within 

30 seconds of each other were removed. Analysis of the camera trapping operation matrix 

(Figure 2) halted further occupancy assessment, requiring the full camera trapping dataset to 

complete this analysis.  

Analysis of the livestock images resulted in 7,022 images at 39 of the camera trapping sites. Both 

giraffes and livestock were present at 14 sites. In assessing the overall giraffe and livestock 

activity patterns within the entire image dataset (i.e., pooled locations and days), the two species 

had a high overlap coefficient (𝐷̂= 0.77) (Figure 3). The overlap coefficient between giraffe and 

livestock at particular sites during a one-week timeframe decreased dramatically in comparison 

(𝐷̂= 0 – 0.59) (Figure 4). 

The results of the binomial GLM showed that the best model included year, season, and distance 

to water as predictor variables (AIC = 92.51; Chi2 = 0.99; Residual Deviance = 84.51; 128 df). 

Distance to water, wet season, and year 2017 were all negatively correlated with giraffe presence 

at the camera trap sites. The most significant predictor of giraffe presence was year (p < 0.001). 

Whereas 2016 had 15 sites where giraffes were present, 2017 only had 4 (Figure 5). Season was 

only marginally significant (p = 0.09). Distance to the nearest water source was included in the 

model but was not a significant predictor of giraffe presence (p = 0.49). Landcover did not 

represent a statistically significant predictor of giraffe presence (Figure 6); however, I suspect 

that analyzing more data will reveal a trend.  

There were no significant predictors present in the GLM built with data from 2016. However, the 

best model for the 2017 data included distance to the nearest water source, slope, season, number 

of trapping days, and distance to the conservancy boundary (AIC = 31.66). Of these, season was 

the only significant predictor of giraffe presence (p = 0.01), and slope was marginally significant 

(p = 0.07). For the 2017 data, giraffe presence decreased with higher slope and during the wet 

season (Figure 7 & 8). 



Further analysis of annual NDVI between 2016 and 2020 shows that 2017 had the lowest mean 

NDVI of 0.16 (Figure 9). The most significant change in NDVI occurred from 2017 to 2020, 

having a mean difference of 0.27 (Table 1). The only negative change in NDVI occurred from 

2016 to 2017, reflecting the loss of vegetation due to the 2017 drought (Figure 9 & Table 1). 

There were no significant changes in NDVI from 2017 to 2018 or 2017 to 2019 (Table 1). 

Discussion: 

The occurrence of a high giraffe trapping rate at select camera trap sites suggests that giraffes 

prefer some locations over others (Figure 1). Thus, the lack of a significant relationship of giraffe 

presence with land cover classification was surprising. Giraffes have a strong preference towards 

Acacia vegetation, being their primary source of browse (Parker & Bernard, 2005). However, 

evidence suggests that giraffes prefer different browse depending on the season (Parker & 

Bernard, 2005). Specifically, giraffes in the Eastern Cape Province of South Africa preferred 

evergreen species such as Rhus longispina over Acacia during winter months. This finding 

cannot be directly associated with forage patterns of reticulated giraffes in Kenya because Kenya 

is impacted less by winter-summer seasonal variability and is impacted more by dry-wet season 

variability.  

A potential bias in this data is that sampling occurred primarily during the dry season (80.6%). 

More specifically, sampling in 2016 was only during the dry season. This uneven sampling 

during the dry and wet seasons could explain the lack of a significant relationship between land 

cover and giraffe presence. Thus, there was insufficient data in the wet season to determine if the 

landcover preference of giraffe differed by season. This bias may also explain the 2017 GLM 

showing a statistically significant decrease in giraffe presence during the wet season (Figure 8). 

The low number of giraffe presence observations during the 2017 period (n = 4) may have 

impacted this analysis as well (Figure 5). Further, the ‘wet’ season in 2017 was not 

representative of typical wet season conditions as a result of severe drought conditions. Although 

prolonged periods of dryness are common to this landscape, the drought beginning in early 2017 

was one of Kenya's worst on record (Kenya: Drought - 2014-2020). A prolonged lack of rainfall 

negatively impacts the landscape's integrity and reduces the availability of forage for wildlife 

(Nyariki, 2019). Thus, further analysis of the entire dataset from 2016 to present will be 

necessary to reveal clear trends in both wet and dry season variability and preference of 

landcover classes. 

Arid lands and sparse vegetation resulting from drought also increases pressure on pastoralists to 

sustain and feed their livestock while making it difficult for agro-pastoralists to harvest crops 

successfully (Nyariki, 2019). When pastoralists struggle to sustain their livestock, there is 

evidence that they search for better pastures in nearby conservancies with superior land quality 

(Masiaine et al., 2020; Nyariki, 2019). Conflict arose in Laikipia County in 2017, where violence 

amongst herders, landowners, law enforcement, and wildlife increased because herders grazed on 

private lands to feed their cattle, which may have otherwise starved given the poor 

environmental conditions caused by the drought (Masiaine et al. 2020; Nyariki, 2019). During 

this incursion event, armed pastoralists herded an estimated 40,000 livestock into Loisaba 

Conservancy in response to the extreme drought conditions, however no violence ensued 

(Masiaine et al. 2020). Further, a 2010 study showed that severe drought conditions in Wajir 



County, Kenya, increased the transition of disease between giraffes and domestic populations 

due to shared pasture and the weakened health conditions of the giraffe population due to 

malnourishment (Alasaad et al. 2012). The study reported several subadult giraffe carcasses 

found exhibiting extreme malnutrition symptoms due to the prevailing weather conditions 

(Alasaad et al., 2012). Thus, the decreased quality of land and forage due to the extreme drought 

conditions and the subsequently increased presence of livestock and herders on Loisaba’s 

landscape during the incursion could explain the decreased presence of giraffes in 2017.  

The analysis of giraffe and livestock overlap provides evidence that giraffes tend to avoid 

traveling during the times that livestock are present at a site (Figure 4). The data suggest that 

giraffes and livestock are typically active during similar times of the day (Figure 3). Thus, we 

can eliminate the potential bias that giraffes and livestock may prefer to travel during different 

times. Further, giraffes are known to feed at different heights than livestock (O'Connor et al., 

2015), removing competition as a potential reason for avoidance as well. Thus, the potential 

avoidance seen here is likely a result of direct avoidance due to the presence of livestock. 

Evidence in Masiaine et al. 2020, which found a decrease in camera trap site visits of giraffe due 

to the 2017 incursion event, supports this finding.   

Thus, it is surprising that the livestock trapping rate did not represent a significant predictor of 

giraffe presence or absence. The small number of sites where giraffes and livestock were both 

present (n = 14) may have impacted the analysis. It is also possible that the destruction of camera 

traps during the incursion period at Loisaba skewed the results. A total of 8 cameras, and the 

resulting images, were lost or damaged during the 2017 trapping sessions. Despite this potential 

bias, however, trapping sessions in 2017 and 2016 still had nearly the same number of trapping 

days (1,667 days and 1,706 days, respectively), and 2017 sampled more sites than 2016 (54 sites 

and 34 sites, respectively). However, although the survey sampled more sites in 2017 than in 

2016, giraffe presence was still significantly lower in 2017 than in 2016 (Figure 5). This shows 

that the decreased giraffe presence in 2017 was not due to camera trapping effort.  

The lack of significant predictors for the GLM built with data from 2016 may suggest that 

giraffes are less selective about their habitat during non-drought periods where water and browse 

are more abundant. Further, slope was not a significant predictor for the 2016 data. However, it 

was a significant predictor of the 2017 data. The results show that, in 2017, as slope increased, 

giraffe presence decreased. This is consistent with Bond and Loffell (2001) findings, which 

suggest that giraffes browsing at Ithala Game Reserve in South Africa significantly declined with 

a higher slope. In the 2017 data, giraffe presence also declined with increasing distance from the 

nearest water source. This supports the claim that the dry conditions during Kenya’s drought 

could be a driver for the decreased giraffe presence seen during 2017. 

Overall, this study found that the only statistically significant predictor of giraffe presence was 

year, shown by the dramatic decline in presence from 2016 to 2017. A potential cause of this 

decline is the drought that Kenya experienced beginning in early 2017. During this drought 

period, there was a decrease in forage and water availability, causing malnutrition and starvation 

of the giraffe population in this area. Further, livestock from surrounding communities were 

herded into the conservancy borders, searching for better browse. Our results suggest that 

giraffes do avoid camera sites that have recently been occupied by livestock (Figure 3), 



providing evidence that the incursion events driven by the drought may have subsequently 

caused the decline in giraffe presence as well. Fortunately, the end of 2019 brought one of the 

wettest short rain seasons on record, with rainfall totals ranging up to 400% of the average 

(Kenya: Drought - 2014-2020). This, in addition to above-average long rains in 2020, lead to a 

steady increase in drought conditions and recovery of the affected areas (Kenya: Drought - 2014-

2020). 

Further analysis of the entire camera trapping dataset from 2016 to present will reveal if the 

trends in giraffe presence follow the trends of the drought and subsequent recovery of the 

landscape. If giraffe presence increases by 2020, after the landscape recovered from drought 

conditions, it would suggest that the drought played a significant role in the decreasing giraffe 

presence at Loisaba between 2016 and 2017. However, if giraffe presence continues to decline, 

this would suggest that other factors are contributing and could be an indicator for the consistent 

population decline of the reticulated giraffe population across Kenya. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix: 

 

Figure 1: The giraffe trapping rate (number of images of giraffe buffered by 30 seconds divided 

by the number of camera trapping days) at each camera trap site at Loisaba Conservancy 

between 2016 and 2017. 

 



Figure 2: The camera operation matrix showing the date range of the active camera traps during 

each trapping session. 

Figure 3: Overall activity overlap of giraffe and livestock, including all dates and camera trap 

sites. 
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Figure 4: Activity overlap of giraffe and livestock at a particular location over a 7-day 

timeframe. (a) L18 06/18/2016 – 06/25/2016 (b) L43 08/27/2016 – 09/03/2016 (c) L43 

08/20/2016 – 08/27/2016 (d) L43 09/03/2016 – 09/10/2016 (e) L48 09/02/2016 – 09/09/2016 (f) 

L48 08/19/2016 – 08/26/2016 (g) L2 02/13/2016 – 02/20/2016 (h) L6 09/04/2016 – 09/11/2016 
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Figure 5: Number of giraffe presence (1) or absence (0) instances between 2016 and 2017. 

 

Figure 6: Number of giraffe presence (1) or absence (0) instances at the various land cover 

classes within Loisaba Conservancy. 

 



 

Figure 7:  Number of giraffe presence (1) or absence (0) instances within Loisaba Conservancy 

during the dry and wet season during 2017. 

 

Figure 8:  Distribution of the slope values associated with giraffe presence (1) or absence (0) 

within Loisaba Conservancy during 2017. 

 



 

Figure 9: NDVI classifications of years 2016 (before the drought) to 2020 (after the drought) in 

Loisaba Conservancy, Laikipia, Kenya.  

 

 

Table 1: Range and mean change in NDVI between 2017 and each of the study years, as well as 

before the drought (2016) and after the drought (2020).  

  

  2017-2016  2017-2018  2017-2019  2017-2020  2016-2020  

RANGE  -0.60-0.35  -0.27-0.27  -0.37-0.40  -0.39-0.59  -0.60-0.60  

MEAN  -0.13  0.02  0.03  0.27  0.13  
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