1

The Storm’s stork (Ciconia stormi) in the Lower Kinabatangan Wildlife
Sanctuary; distribution, habitat preferences and activity
Ben Pridmore
Biological Sciences (with professional training year)
Supervisor: Benoit Goossens
Danau Girang Field Centre, Sabah, Malaysian Borneo
Word count: 5835

2
Table of contents

Page No.

Part A:
Personal reflection

3

Part B:
Abstract

4

1. Introduction

5

1.1 Study aims and objectives
2. Methods

7
7

2.1 Study site

7

2.2 Camera trapping

8

2.3 Habitat assessment

10

2.4 Image processing and analyses

10

3. Results

13

3.1 Camera Trap Summary

13

3.2 Habitat Suitability Modelling

15

3.3 Camera Trap Activity Patterns

16

4. Discussion

18

4.1 Camera trapping as an effective tool for monitoring Storm’s storks

19

4.2 Key habitat characteristics of the Storm’s stork

20

4.3 Storm’s stork activity

21

4.4 Conservation suggestions

23

Conclusion

23

Acknowledgements

24

Literature cited

24

3
PART A
Personal reflection
This past year spent at the Danau Girang Field Centre has been very rewarding, but incredibly tough.
Living in isolation in the rainforest of Borneo is a pretty unique experience, and one I am glad to have
completed. The sheer volume of wildlife we were exposed to, right on the doorstep to the buildings,
was incomprehensible. I have always admired and respected wildlife and this year has confirmed
that I would like to stay in research, to further this interest.
I have learnt (and taught) many skills throughout my time. In the field, the use of VHF and UHF
trackers occupied a lot of time. These tasks can be very enjoyable – if the tagged animal behaves –
or very frustrating (Malay civets are not my friends.). By the end I feel I was very efficient using these
technologies. I also learnt a lot of general navigation skills, and which plants I could survive on in a
worst-case scenario. Learning about the edible plants and trying them in the field with the locals was
an exciting experience.
The animal trapping was a highlight of the year. Having gone to DGFC with a huge fear of snakes, I
can now say that I have handled a 3.7 metre python with my bare hands, quite an achievement! I
have to thank Richard Burger for this, and for his patience when I was a touch jumpy. The crocodiles
were the most magnificent animals; the raw power easy to see, I have gained much respect for them.
In my final week I was able to assist in the collaring of a Clouded leopard, which was also something
that I will never forget.
With regards to my project, I did not manage to do everything that I had planned, due to injury.
Despite this, I am very happy with the piece of work that I have created. As my project involved using
many different datasets, it certainly caused some headaches. However, after familiarising myself
with some complicated R packages, it all came together in the end. The dataset that I finished with
is the largest on the species to date, which is exciting. It feels good to know that this data might
actually be of use to researchers in future. At the start of the year I underestimated how much we
could achieve, but now it does feel like a proper research paper. I had to get to grips with lots of
different technologies and softwares, but now have a good grounding in many essential/helpful tools.
I would like to say a special thanks to Dr. Miriam Kunde for her help and support throughout the year.
Also, to my fellow PTYs who made the mundane times bearable. The locals RA’s and their families
were great fun, smiling all the time, and providing a good escape with regular badminton matches.

4
PART B

The Storm’s stork (Ciconia stormi) in the Lower Kinabatangan Wildlife
Sanctuary; distribution, habitat preferences and activity

Abstract
The Storm’s Stork (Ciconia stormi) is an endangered waterbird native to the lowland wetlands of
Sumatra, Peninsula Malaysia and throughout Borneo. Extensive deforestation and fragmentation
has led to a rapid decline in the numbers of the species throughout their distribution. Studies on C.
stormi are limited, and have focussed on breeding biology and feeding behaviour, often with only a
few individuals, over a short period of time. The study was conducted along a stretch of the
Kinabatangan River in Sabah, Malaysian Borneo, which seems to be a stronghold for the species.
Camera trap by-catch data was gathered from 10 different projects from November 2010 to May
2019, and presents the largest dataset on the Storm’s stork to date. This study aimed to identify key
habitat characteristics from confirmed sighting locations and describe detailed activity patterns for
the species. Habitat suitability modelling failed to highlight any habitat predictors, and optimal habitat
for the species remains unknown. It appeared that C. stormi showed preference for the margins of
oxbow lakes and tributaries, but this was not statistically proven. The diurnal activity of the species
was mapped to a high degree of accuracy utilising 250 unique C. stormi sighting events in the study
area. The bird showed a peak of activity at ~09:00 hours before a gradual decline to termination at
~18:00 hours. No images were taken in the nocturnal hours. A seasonal variation in activity was
found for the species, with the wet season activity more confined to the middle of the day and peaked
later in the day, at ~ 13:00 hours. The wet and dry seasons were found to arise from different circular
distributions (P = 0.0055*). Future conservation suggestions are outlined, with attachment of GPS
telemetry units posed as an important future action.
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1. Introduction
Anthropogenic habitat fragmentation and degradation is proving detrimental for global biodiversity
(Sodhi et al. 2004; Tan et al. 2009; Foster et al. 2011; Immerzeel et al. 2014; Abood et al. 2015).
The forests of Southeast Asia contain such high biodiversity, that habitat destruction in this region is
of particular global concern (Sodhi et al. 2004; Vijay et al. 2016). Agricultural expansion of oil palm
(OP) (Elaeis guineensis) is the dominant driver of deforestation, and subsequent species loss, in
Southeast Asia (Härdter, Chow and Hock, 1997; Lambert and Collar, 2002; Linkie et al., 2003;
Fitzherbert et al., 2008; Koh and Wilcove, 2008; Koh et al., 2011; Wilcove et al., 2013). The estimated
increase in cultivation of oil palm is approximately 9% per year (Fitzherbert et al. 2008; Malhi et al.
2014), equating to 270,000 ha per year in major oil palm producing countries such as Indonesia and
Malaysia (Henders et al. 2015). Land is being cleared and replaced with oil palm for the production
of food items, cosmetics and biodiesel (Defries et al. 2010; Foley et al. 2011; Wilcove et al. 2013;
Malhi et al. 2014). A study of Malaysian and Indonesian oil palm plantations (OPPs) found that
between 1990 and 2005, >50% of plantations were converted from land that was forest in 1990 (Koh
and Wilcove 2008), while another claims up to 90% of industrial plantations were in previously
forested land (Carlson et al. 2013). These results are widely debated, so it is difficult to truly
understand the extent of land coverage (Fitzherbert et al. 2008; Wakker and Asia 2014). Alongside
the industrial pressure, many privately-owned smallholdings previously dominated by perennials
such as cocoa, coconut, and rubber (Feintrenie et al. 2010; Wicke et al. 2011), have also converted
to monocultural oil palm, contributing an additional 35 – 40% of land planted with oil palm (Sheil et
al. 2009). The result of this agricultural intensification at local and landscape scale is that areas of
land previously containing forest habitat, or polyculture crops with multiple stands, are now left as
poor habitat for forest species (Fitzherbert et al. 2008) with much structural homogeneity (Tscharntke
et al. 2005). There is much evidence to suggest that a wide range of taxa such as birds, butterflies
and ants suffer dramatically from degradation of forest habitat in way of oil palm (Koh and Wilcove
2008; Edwards et al. 2010; Fayle et al. 2010; Azhar et al. 2011), with species richness declining
across most taxa (Foster et al. 2011). This direct species loss (Fitzherbert et al. 2008; Edwards et
al. 2010; Drescher et al. 2016) culminates catastrophically in local extinctions (Fitzherbert et al. 2008;
Edwards et al. 2010; Fayle et al. 2010). One such species suffering from this aggressive conversion
of land is the Storm’s stork (Ciconia stormi).
The Storm’s stork is an endangered water bird found scattered throughout Sundaland, with numbers
of breeding individuals rapidly declining throughout their distribution (Birdlife International 2017). The
construction of reservoirs in Thailand has had detrimental effects on the habitats and numbers of C.
stormi (Nakhasathien 1987). Subsequently, the Storm’s stork was widely thought to be extinct in
Thailand (Round 1988; Round and Brockelman, 1998) until the discovery of two individuals in 2004
(Cutter et al. 2007), which remains only the second record of C. stormi in the country (Nakhasathien
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1987). Moreover, it is believed that only a small population and scattered individuals remain in
Peninsular Malaysia (Kawanishi, 2002; Birdlife International 2017), and a single record in Myanmar
was documented in 2006 (Eames in litt., 2006). The majority of the remaining Storm’s storks are
found in the lowland wetlands and swamp forests of Southeastern Sumatra and throughout the island
of Borneo (Danielsen et al. 1997; Ja’afar and Chong 2001; Cheyne et al. 2014). However, much of
this land is subject to continuing deforestation in way of agricultural oil palm expansion (Vijay et al.
2016; Austin et al. 2017). The decline in numbers has led to the legal protection of the species in
Thailand, Indonesia and Malaysia (Birdlife International 2017).
Only a few incidences of hunting and trading of this species have ever been recorded (Birdlife
International 2017). The major threat to the species is assumed to be from the direct and indirect
effects associated with the loss of their preferred lowland wetland forest (Birdlife International 2017).
Consequently, protection of this rare and enigmatic species can only occur with an understanding of
its basic habitat requirements, which at this point is lacking. Previous studies have focussed on the
breeding biology and feeding behaviour of C. stormi, commonly involving only a small number of
individuals, over a short period of time (Danielsen et al. 1997; Fulgidus et al. 2000). The literature
on Storm’s storks is thus limited, likely due to their secretive, predominantly solitary nature and use
of inaccessible swamp forests, that creates logistical issues for data collection (Danielsen et al. 1997;
Cutter et al. 2007; Cheyne et al. 2014). Though the Storm’s storks’ role is currently unknown in the
ecosystem, studies suggest that it is a wetland specialist, dependent on the suitable feeding grounds
provided by the seasonal or permanent inundation of riverine and swamp forests (Danielsen et al.
1997; Cheyne et al. 2014). Other stork species such as the white stork have been described as seed
dispersers and ecosystem engineers (Czarnecka and Kitowski 2013), while fellow wetland
specialists like the painted stork are described as harvesters and enrichers of biomass (Jamil Urfi
2012). Overall estimates of 260-330 mature individuals were compiled in 2002 (Noor Rusila in litt.,
2002), including a key population of 43 birds estimated in the Lower Kinabatangan Floodplain (LKF),
Sabah, Malaysian Borneo in 1999 (Ja’afar and Chong 2001). The LKF appears to be a stronghold
for C. stormi, and is therefore likely to contain the preferred habitat for the species.
The LKF is commonly seen as the most important wetland area in Sabah (Scott 1989; D’Cruz and
Sebastian, 1993). Found at the heart of the LKF is the Lower Kinabatangan Wildlife Sanctuary
(LKWS). The LKWS was fully gazetted in 2005, comprising 10 forest blocks of disturbed forest along
the Kinabatangan River. The sanctuary provides fully protected habitat for a variety of rare or
endangered bird species such as the helmeted hornbill (Rhinoplax vigil) (CR), lesser adjutant stork
(Leptoptilos javanicus) (VU) and Wallace’s hawk eagle (Nisaetus nanus) (VU). The persistence of
C. stormi in the LKF is still unexplained. Indeed, it would seem unlikely to harbour a sizeable
population, due to the historical and continuing heavy disturbance through selective logging and oil
palm expansion (Brookfield and Byron 1990). A recent study revealed that only 48% of the LKF is
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still forested (including degraded forest) (Abram et al. 2014). Additionally, despite the protection
afforded by the sanctuary, illegal logging still occurs within its boundaries (Hai et al. 2001), and
further plans remain to expand oil palm plantations along the floodplain, despite 54% of this allotted
land being deemed unsuitable or even unprofitable (Abram et al. 2014; Evans et al. 2017). Thus, C.
stormi is confined to a continually shrinking mosaic of forest patches along the river (Ja’afar and
Chong 2001). Which begs the question, why does the population appear to persist in the LKF?
In this study we intend to address the paucity of information available on this species’ ecology
through the use of camera trapping, which has proved an effective tool for monitoring Storm’s storks
in the past (Kawanishi 2002; Cutter et al. 2007; Posa and Marques 2012; Cheyne et al. 2014). C.
stormi is easily scared by the presence of humans and will swiftly depart following any approach
(Danielsen et al., 1997). Therefore, direct observations of the species (not in flight) are difficult. This
makes remotely placed camera traps a useful tool to study the species on the ground, where it would
otherwise be difficult. Areas of land-use can be accurately recorded and monitored over a long period
of time. Additionally, by assessing the habitat of known Storm’s stork occurrence, ecological factors
that influence the behaviour and activity of the bird can be better understood. Ultimately this
information can be used to ensure the conservation of the species.
1.1 Study aims and objectives
This study aims to a) identify and map the distribution of the Storm’s stork in the LKWS using camera
trap by-catch data, b) identify potential key habitat characteristics for the Storm’s stork in the LKWS,
by conducting habitat surveys from confirmed sighting locations, c) identify activity and seasonal
variation by creating detailed activity pattern mappings, utilising timestamp data from camera trap
images, and d) highlight relevant areas for the conservation of the resident Storm’s stork population,
and with that provide suggestions for the prolonged viability of Storm’s storks in the lower
Kinabatangan, and throughout their distribution.
2. Methods
2.1 Study site
The LKWS (5°10’-5°50’N, 117°40’118°30’E) is comprised of a series of 10 fragmented lots of
protected forest in Sabah, Malaysian Borneo. The Kinabatangan river that runs at its heart is fringed
by a mixture of permanent swamp forests, secondary forests, semi-inundated forests, and
mangroves along the coast (Hai et al. 2001). The area has been subject to heavy disturbance from
selective logging (Brookfield and Byron 1990) and conversion to agricultural land, primarily oil palm
plantations (Hai et al. 2001) that flank the forested areas throughout the region. The camera sites
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were located within lots 5, 6 and 7 of the LKWS, Pin Supu Forest Reserve, and surrounding
plantations (Figure 1).

Figure 1. All 315 camera trap sites used within the study, located in lots 5, 6 and 7 of the LKWS, Pin
Supu Forest Reserve, and surrounding plantations. (QGIS Version 3.4.0, QGIS Development Team,
2019)

2.2 Camera trapping
By-catch data was gathered from 10 camera trapping projects carried out by other researchers
between November 2010 and May 2019 (Table 1). Four of the projects were aiming to record a
particular target species (flat-headed cat (Prionailurus planiceps), Malay civet (Viverra tangalunga),
Sunda pangolin (Manis javanica), sun bear (Helarctos malayanus)) with camera traps positioned in
locations to optimise probability of capturing images of that species. The remaining projects were
biodiversity assessments. The variety of projects utilised allowed a range of habitats to be assessed
to determine C. stormi locations. The dataset represents a total of 60,589 potential trap nights across
the projects.

9
Table 1. The ten camera trapping projects used to find Storm’s stork by-catch, from November 2010
to May 2019.
Camera

Study period

Number

Number of

trapping

of camera

cameras

project

stations

per camera

Notes

station
Batangan

August 2018 –

ridge corridor

April 2019

7

1

ridge used as a wildlife

monitoring
Plantation

Monitoring of a limestone
corridor in lot 5 of LKWS

NA

10

1

biodiversity

Plantation biodiversity
assessment at Kg. Batu Putih

Carnivore

March 2011 –

diversity

June 2015

Malay civet

February 2017 –

(Viverra

June 2017

15

2

Assessment of carnivore
diversity in lot 6 of LKWS

24

2

Monitoring of individual Malay
civet movements in lots 5, 6

tangalunga)

and 7 of LKWS

Corridor

November 2010 –

monitoring

May 2017

25

2

Monitoring of a wildlife
corridor on the north bank of
the Kinabatangan River

Sunda

121

1

Assessment of Sunda

pangolin

June 2016 –

pangolin occupancy in lots 5,

(Manis

May 2019

6 and 7 of LKWS; Pin Supu

javanica)

forest reserve; Felda Global
Venture (FGV) plantations

Flat-headed

May 2018 –

cat

May 2019

60

1

Assessment of flat-headed
cat occupancy around

(Prionailurus

margins of oxbow lakes

planiceps)

Danau Uzu, Danau Patong
and Danau Tungog

Hollow logs

January 2019 –

40

1

April 2019

Assessment of the visitation
and use of hollow logs in lot 6
of LKWS

Sun bear

July 2018 –

(Helarctos

March 2019

12

1

rubbing behaviour along the

malayanus)
Other

Assessment of sun bear
Kinabatangan River

NA

(1)

1

NA
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A total of 315 camera stations were utilised within the studies, representing a range of swamp forest,
dry forest, plantation and riparian ecotypes. Camera stations were selected along existing animal
trails and forest clearings. After camera trap placement, the area immediately in front of the camera
was cleared of excess foliage that may initiate false triggers, or reduce image quality. Reconyx
Hyperfire Professional Infrared (IR) passive camera traps (Model HC500 or PC800, Reconyx,
Holmen, USA) were used in the study, housed in metal casing for protection.
Cameras were armed and remained active throughout the diel until collection at the end of the
project. Occasionally there were technical errors, theft, or accessibility issues that affected the
camera activity – these issues were recorded for most projects. An IR flash was used for illumination,
which has been shown to ensure effective image detail whilst reducing disturbance - when compared
to white light (Ancrenaz et al., 2012; Wegge, Pokheral and Jnawali, 2004). The camera settings and
placement differed slightly for each project.
All images from the 10 camera trapping projects were checked for the presence of C. stormi. Any
images containing Storm’s storks were compiled and managed following the procedure outlined by
(Scotson et al. 2017). Any camera station containing an image of C. stormi was classified as a
presence site, and any camera station with no photographic evidence of C.stormi was classified as
an absence site.
2.3 Habitat assessment
Each C. stormi presence site was visited and a habitat assessment was performed. The camera trap
location was the centre point around which a 10m2 grid was marked out. Within the grid, a set of
habitat parameters were measured including: canopy cover; canopy height; understory density;
number of large (CBH > 125cm), medium (CBH 31-125cm), and small trees (CBH 10-30cm) (CBH
= circumference at breast height); sapling score; leaf litter depth; ground coverage. QGIS was used
to measure the distance to Kinabatangan River; distance to permanent tributary; distance to oxbow
lake; distance to nearest water body (river, tributary or oxbow lake); distance to plantation (see Table
2 for further description and measures used). Variables were chosen based on known aspects of
the Storm’s stork’s ecology, such as feeding along shaded water margins (Danielsen et al. 1997).
An equal number of C.stormi absence sites were visited, with the same habitat variables measured
for comparison. Absence sites were chosen at random from a total of 263.
2.4 Image processing and analyses
Once all Storm’s stork images had been compiled, they were tagged using the open source image
editing software digiKam (www.digikam.org). The tagging process involved writing the species name
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into the metadata of the images. Images were then processed using the ‘CamtrapR’ package
(Niedballa et al. 2016). Metadata was extracted for use in the ‘CamtrapR’ package using ExifTool
(Harvey 2014). The metadata that was extracted included time, date and species. The images were
renamed to include all extracted metadata, plus the name of the project and camera site. Images
were organised to classify ‘unique sighting’ events: the first image in the burst was used for analysis,
with any further captures within 30 minutes discarded to avoid pseudoreplication, following methods
from Yasuda and Tsuyuki (2012). Once images were renamed, they were ready for analysis and
calculation of potential trap nights.
Two-tailed binomial testing was used to compare the trapping rates of each camera trapping project.
Projects were compared to an expected return of 0.413 C. stormi sighting events per 100 potential
trap nights.
Binomial generalised linear models (BGLMs) were used to create predictive models of habitat
suitability for Storm’s storks in the study area. The initial habitat suitability models (HSM) included
all assessed habitat variables (Table 2) and final model selection was carried out by stepwise
deletion of non-significant variables using Drop1. Principal component analyses (PCA) using a
correlation matrix were used to reduce the independent variables included in the HSMs. Mcfadden’s
pseudo-R2 (McFadden 1974) was used to assess the fit of the models.
Storm’s stork activity patterns were produced from extracted metadata of camera trap images.
Activity was defined as the on-ground activity along wildlife trails and forest openings. The cycle of
day and night remains fairly consistent throughout the year in the region, with sunrise occurring at
approximately 06:00 hours and sunset at approximately 18:00 hours. The diurnal (07:00 – 16:59
hours) and nocturnal (19:00 – 04:59 hours) patterns used within follow those set out by Ross (2013).
The crepuscular periods are defined as 05:00 – 06:59 hours and 17:00 – 18:59 hours. Kernel density
estimators within package ‘Overlap’ (Meredith and Ridout 2014) were used to model activity, as per
the methods outlined by Ridout and Linkie (2009). The model was smoothed using a bandwidth
adjust value of 2 as per Rowcliffe et al (2014). Seasonal variation between wet and dry season
(November - February and March - October respectively) was modelled to ascertain any differences.
The overlap in patterns was assessed using package ‘Overlap’ (Meredith and Ridout 2014) and
methods described by Ridout and Linkie (2009); but with Dhat0 overlap estimator, and basic0
confidence interval output for the 10,000 bootstrap replicates. Statistical analysis of the overlap was
conducted using 10,000 bootstrap replicates and the ‘activity’ package. The analysis involved a
randomisation test for the null hypothesis; that each of the subsets of circular observation arose from
the same original distribution. All statistical analyses were carried out using R (Version 1.1.442,
RStudio team, 2019).

CH

UD

LT

MT

ST

SS

LLD

GC

DRiv

DTrib

Canopy height

Understory density

Number of large trees

Number of medium trees

Number of small trees

Sapling score

Leaf litter depth

Ground coverage

Distance to Kinabatangan

Distance to permanent

DOx

DWater

DPlan

Distance to Oxbow Lake

Distance to Water Body

Distance to plantation

tributary

CC

Canopy coverage

The distance (m) to the nearest plantation boundary.

The distance (m) to the nearest water body (taken from DRiv, DTrib, Dox).

The distance (m) to the nearest bank of the nearest oxbow lake.

The distance (m) to the nearest bank of the nearest permanent tributary.

The distance (m) to the nearest bank of the Kinabatangan river.

other woody debris. Estimated in 5 random quadrats.

An estimation of the percentage (%) of ground covered with dead leaf matter, small twigs, tree bark, and

2007). Measured in 5 random quadrats.

Depth (cm) of surface leaf litter layer; including dead leaf matter, small twigs and tree bark (Gould et al.

A score of the number of saplings between 0 – 5.

A count of the trees with circumference at breast height between 10 – 30cm.

A count of the trees with circumference at breast height between 31 – 125cm.

A count of the trees with circumference at breast height exceeding 125cm.

held vertically in each corner of the grid, and number of visible black markings were counted.

Average density (%) of understory shrubs measured using a shrub density stick (SDS). The SDS was

clinometer.

An estimation of the canopy height (m) taken from the three tallest trees within the grid, using a

coverage estimation techniques (Image J photograph editing software, Ref).

Average percentage (%) of canopy coverage, measured using hemispherical photography and digital

Abbreviation Description

Habitat Variable

determined using QGIS (QGIS Version 3.4.0, QGIS Development Team, 2019)

Table 2. Variables measured for predictive modelling of habitat suitability for the Storm’s stork, in the Kinabatangan floodplain. All distances were
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3. Results
3.1 Camera Trap Summary
The camera trapping effort was conducted from November 2010 until May 2019. Potential trap nights
were used, as detailed camera operationality logs were not kept for every camera trapping project.
Two of the projects were without recorded trapping efforts, so their sites were not included in the
calculations of potential trap nights.
C.stormi was recorded at 52 camera locations which were subsequently categorised as presence
sites (figure 2). All other camera sites were categorised as absence sites (n = 263). The 52 presence
sites recorded a total of 250 C. stormi photographic sighting events. These sightings were
predominantly of a single bird, with just one image of a pair of birds. This record is the second
sighting involving a pair of Storm’s storks on camera trap simultaneously (the other being recorded
in Kalimantans peat swamp in 2009 (Cheyne et al. 2014), highlighting the predominantly solitary
nature of the species. In two sighting events (0.8%) C. stormi co-occurred with bearded pigs (Sus
barbatus). The bearded pig was the only species to be seen simultaneously on camera with Storm’s
storks.

Figure 2. The locations of Storm’s stork presence cameras (n = 52), the randomly selected absence
cameras (n = 52), and the field observations (n = 39) within the study area. (QGIS Version 3.4.0,
QGIS Development Team, 2019)
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Overall, the camera trapping effort resulted in 0.413 C. stormi sighting events per 100 potential trap
nights. For comparison between projects, two-tailed binomial testing was conducted for each project,
to assess if there was a significantly different return of Storm’s stork sighting events between the
projects (Table 3). Two projects returned significantly more Storm’s stork sighting events than the
expected (0.413 C. stormi sighting events per 100 potential trap nights), with the Malay civet project
(P < 2.2x1016*) and flat-headed cat project (P = 1.35x105*) providing 1.75 and 0.846 C. stormi
sighting events per 100 potential nights. The Batangan ridge corridor monitoring, Corridor
monitoring, Sunda pangolin and Sun bear projects returned significantly fewer Storm’s stork sighting
events than the expected. Of the remaining four projects, two (Plantation biodiversity, Other)
provided insufficient information for inclusion, and the other two (Carnivore diversity, Hollow logs)
returned approximately the expected proportion of C. stormi sighting events (0.395 and 0.231 C.
stormi sighting events per 100 potential nights respectively).
Visual sexing of Storm’s storks was not possible as they do not express sexual dimorphism
(Danielsen et al. 1997). Therefore, a sex bias was not detectable. A population estimate was not
attempted. All Storm’s storks captured on camera appear to be adult birds.

Table 3. The potential trap nights for each of the 10 camera trapping projects, and the return of
Storm’s stork sighting events for each project. Two-tailed binomial was used to test for difference
from the expected return of 0.413 C. stormi sighting events per 100 potential trap nights.
Camera trapping

Potential

Storm’s stork

Storm’s stork sighting

Binomial

project

trap

sighting events

events per 100

test P-

potential trap nights

value

nights
Batangan ridge corridor

1114

0

0

0.0176*

Plantation biodiversity

NA

1

NA

NA

Carnivore diversity

3292

13

0.395

1

Malay civet

3542

62

1.75

< 2.2x1016*

Corridor monitoring

32262

108

0.335

0.0297*

Sunda Pangolin (Manis

11704

10

0.0854

4.28x1010*

monitoring

(Viverra tangalunga)

javanica)

15
5320

45

0.846

1.35x105*

Hollow logs

1298

3

0.231

0.509

Sun bear

2057

1

0.0486

0.00482*

NA

7

NA

NA

Flat-headed cat
(Prionailurus planiceps)

(Helarctos malayanus)
Other

3.2 Habitat Suitability Modelling
Of the 315 camera sites used within this study, 33 (10.5%) were within the bounds of oil palm
plantations. Only one image of C. stormi was recorded at these plantation camera sites. Three
presence sites were inaccessible and therefore habitat assessments could not be conducted. A total
of 49 presence sites and an equal number of 49 absence sites were assessed and included in HSMs.
After stepwise deletion of the initial model, leaf litter depth was the last variable remaining in the final
model, but was not significantly influencing the presence of Storm’s storks (Z = 1.44, P = 0.149). The
models were not a good fit and showed no significant trend (table 4). Due to the correlation shown
between many of the habitat variables, a PCA was conducted to reduce the number of habitat
variables included within the modelling, whilst retaining the maximum explanatory power. From the
resultant principal components, PC1 was responsible for 19.22% of the variance, whilst PC2 and
PC3 were responsible for 14.36% and 12.02% of the variance respectively. The subsequent reduced
BGLM showed no significant trend. The lack of trend shown within the modelling suggests that none
of the variables can be used to predict C. stormi presence.

Table 4. The three binomial generalised linear models used to determine habitat variables (see table
2) important for the Storm’s stork.
Model

AIC

Residual deviance

Degrees of freedom

Mcfadden’s pseudo-R^2

Null

137.86

135.86

97

0
(df = 1)

Initial

158.87

126.87

82

0.0662
(df = 16)

Final

137.37

133.37

96

0.0183
(df = 2)

16
3.3 Camera Trap Activity Patterns
C. stormi activity was modelled from 250 photographic sighting events in the LKWS (figure 3). The
activity of Storm’s storks was seen between 05:57 and 18:04 hours, with no photographic events
occurring within the nocturnal hours. Activity consistently commenced within, and terminated within,
the crepuscular periods at dawn and dusk (05:00 – 06:59 hours and 17:00 – 18:59 hours
respectively). A clear peak of activity can be seen at around 09:00 hours. Activity is recorded
throughout the daylight hours, decreasing in density beyond the 09:00 peak before termination at
around 18:00 hours.

Figure 3. The daily activity pattern of Storm’s storks in the study area. The activity pattern was
modelled from 250 sighting events from November 2010 to May 2019. The dashed lines along the
X-axis represent individual sighting events. Modelled using package ‘Overlap’ (Meredith and Ridout
2014) and methods as outlined by Ridout and Linkie (2009).
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Seasonal effects
The seasonal variation in activity was tested between the wet (November – February) and dry (March
– October) seasons in Sabah (Figure 4). The activity patterns were found to overlap with a moderate
coefficient of overlap (0.62). Statistical testing showed a significant difference (P = 0.0055*) between
the subsets, showing that each subset did not arise from the same circular distribution (Table 5).

Table 5. The coefficient of overlap for the variation in Storm’s stork activity between wet and dry
seasons. 10,000 bootstrap replicates were used for calculation of confidence intervals and analysis.
The overlap in patterns was assessed using package ‘Overlap’ (Meredith and Ridout 2014) and
methods described by Ridout and Linkie (2009)
Coefficient
Activity

Sample Size

pattern 1

Activity

Sample size

pattern 2

of overlap

P-value

(confidence
interval)

Dry season

234

Wet season

(March –

(November –

October)

February)

16

0.62

0.0055*

(0.43 – 0.79)

The dry season follows a similar pattern to figure 3 above, with a peak at 09:00. The wet season
shows a single peak of activity at around 13:00 with a greater magnitude than the dry season peak.
Unlike the dry season, wet season records were predominantly around the middle of the day, with
87.5% (n=14) of records occurring between 11:02 and 14:58; only two records were outside of this
central period.

18

Figure 4. Storm’s stork seasonal variation in activity between the wet (November – February) and
dry (March – October) season. Kernel density modelling was used to map activity patterns. The grey
region below both curves represents overlap in activity. The dashed lines along the X-axis represent
individual sighting events. The overlap in patterns was assessed using package ‘Overlap’ (Meredith
and Ridout, 2014) and methods described by Ridout and Linkie (2009)

4. Discussion
This study presents the largest dataset for the Storm’s stork to date, and highlights the importance
of the LKWS as a stronghold for the species (Ja’afar and Chong 2001). The Storm’s stork was
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recorded and observed along the length of the study area. It seemed that the species was favouring
the margins of oxbow lakes and tributaries, but this was not statistically proven. Habitat preferences
were not determined from the variables measured in this study. Activity patterns of the species were
accurately modelled using kernel density estimators. Additionally, a seasonal variation was found
between the wet and dry seasons, with each subset arising from different circular distributions (P =
0.0055*).
4.1 Camera trapping as an effective tool for monitoring Storm’s storks
This study made use of existing data from 10 separate camera trapping projects. Naturally, there
were complications in utilising data over such a large time frame and with different research
teams/objectives. Primary problems arose regarding different management and storage systems for
camera trap data. These issues were largely dealt with by compiling all images into a simple
standardised format before any analysis occurred, as outlined by Scotson et al. (2017). Additionally,
camera operationality logs were inconsistently recorded, providing further problems with regards to
calculation of active trap nights. Using potential trap nights addressed this problem but was only
effective for projects whereby raw data was accessible, or some form of log had been kept. The
actual number of active trap nights will be greater than that quoted within. For this reason, the return
of 0.413 C. stormi sighting events per 100 nights is likely to be an overestimate; with actual sighting
events even less frequent than calculated. The extent of the sampling effort returned a large
collection of images of C. stormi (n = 250), but still highlights the rarity of the bird when viewed with
respect to the number of images per 100 trap nights, and the nine years taken to amass this number.
The return of 0.413 C. stormi sighting events per 100 nights is higher than the 0.09 sightings events
per 100 nights seen by Cheyne et al. (2014), which is the only other camera trapping project involving
the Storm’s stork with a large enough dataset (32 sighting events, across five sites) for comparison.
This increased detection rate in the LKWS suggests that this endangered stork is comparatively
more common here than in the study area in Sabangau Forest, Central Kalimantan (Cheyne et al.
2014). The peat swamp forests of Kalimantan do seem to provide potential refuge, but it appears to
be less suitable than the riverine and swamp forests of the LKWS. Peat swamps across Sundaland
are increasingly being documented as an important refuge for lowland species, following the
destruction of lowland forest (Cheyne et al. 2008; Houlihan et al. 2013; Cheyne et al. 2014).
When looking at the detection success rate for Storm’s storks from each project individually, it can
be seen that the flat-headed cat and Malay civet projects returned a significantly higher number of
C. stormi images: 0.846 (P = 1.35x105*) and 1.75 (P < 2.2x1016*) sighting events per 100 trap nights
respectively (compared to 0.413). The camera setup protocols for these two projects were a grid
format for the Malay civet, and a target specific format (highly concentrated setup with camera every
200 metres) for the flat-headed cat. Both of these setups ensure a high chance of capturing images

20
of a species, if it is in the area. The majority of other camera trapping projects used a transect, with
cameras placed further apart. When capturing images of an animal at very low density such as the
Storm’s stork, the transect method seems much less effective than grid or target specific methods.
Previous studies targeting cats (particularly fishing cats) have proved effective at providing Storm’s
stork by-catch data (Cutter et al. 2007; Cheyne et al. 2014); with cameras located in close proximity
to oxbow lakes and small tributaries returning images of C.stormi (Posa and Marques 2012). As
seen in figure 2, the study area contains oxbow lakes (n = 8), permanent tributaries (n = 2; Sungai
Koyah and Sungai Takala), and other smaller tributaries that the species were frequently recorded
at, highlighting their importance as a habitat for C. stormi.
Another issue faced when dealing with camera trapping projects is the fact that a ‘no detection’ result
does not necessarily align with the absence of the species in the area. Cameras were deployed for
different durations and at different times of the year. A camera deployed for a longer period of time
has a higher chance of positive detection, as can be said for certain months of the year. Likewise, a
camera placed along an existing wildlife trail or forest opening proved more likely to detect a Storm’s
stork than those deployed in a plantation; where the animal can move freely 360° in any direction.
The use of natural wildlife trails funnels study species into the paths of cameras, increasing detection
probability in a forest matrix. It should be noted that camera stations were also selected-for based
on the repeated accessibility and mobility between sites required for the extended maintenance of a
project. Cameras were often deployed in close proximity to the Kinabatangan River for ease of
access and were rarely positioned deep in the forested areas (fig 1).
4.2 Key habitat characteristics of the Storm’s stork
Only one image of a C. stormi was captured by camera trap within the bounds of a plantation, despite
the 33 camera stations utilised. Initially, this one presence site, and six absence sites from
plantations were due to be included in habitat assessments and subsequent HSMs. However,
following preliminary work it was decided to remove these sites from the HSMs. The structural
homogeneity of OPPs was deemed unsuitable to include, with all sites following a similar regimented,
linear layout with little variation. It was decided to focus the HSMs within the forested regions of the
study area. The single plantation image was still included for activity mapping (see 3.3 Camera trap
activity patterns).
When testing for habitat suitability within the study area, focus was kept on variables thought to be
related to the on-ground activity of C. stormi, incorporating aspects of shading, litter coverage and
depth, and density of vegetation; alongside the proximity to certain significant features (water bodies
and plantation edges). These independent habitat variables were inputted into HSMs but showed no
significant trend; even following reduction of the variables included succeeding PCA. Subsequently,
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it suggests that no preference was shown to any of the habitat variables tested. This is encouraging
for the conservation of the Storm’s stork, as it shows the resilience of the species to fluctuations in
these variables and reemphasises the suitability of the forested regions within the study area. As the
majority of images were not showing feeding behaviour, it suggests that habitat selection may be
occurring in areas not covered by the cameras used in this study. It is however worth noting that the
study design was not truly randomised, as all camera stations were selected for and used different
setup protocols. As detailed earlier, the majority of forested regions remaining in the LKF are
seasonal or permanent swamp forests (Gaveau et al. 2014). The generalist nature of the Storm’s
stork therefore makes it an excellent indicator species for the health of wetland habitats. Provided
there is a sizeable wetland habitat available to the species, they do seem to persist. In the Surat
Thani province in southern Thailand, reservoir construction has had catastrophic effects on the C.
stormi population following the destruction of their preferred wetland habitat (Cutter et al. 2007).
Likewise, Similajau National Park in Sarawak was bordered by extensive lowland forests in 1986,
and following completed conversion to OPPs, the presence of the species was not witnessed in 1995
(Duckworth et al. 1996). This study suggests that they require wetland habitats to survive, but are
adaptable to changes in conditions, so long as a forested wetland remains. We therefore propose
that Storm’s storks not only be considered an effective indicator species, but an umbrella species.
Effective future conservation measures directed at the species can act as an umbrella for
conservation of wetlands.
4.3 Storm’s stork activity
This study presents the first detailed activity patterns for the Storm’s stork. The activity of the species
was modelled to a high degree of accuracy, utilising 250 C. stormi sighting events. The majority of
activity was seen in the diurnal hours (07:00–16:59 hours), with activity commencing and terminating
in the crepuscular periods either side of this, as seen by Cheyne et al. (2014). No images of C. stormi
were recorded in the nocturnal hours (19:00–04:59 hours). The earliest and latest images of C.
stormi came at 05:57 and 18:04 hours respectively; following in line with the daylight hours (~06:00
– ~1800 hours). The activity of the species was not uniform throughout the day, with one clear peak
at around 09:00 hours, before a gradual decline in activity until termination at ~18:00 hours. This
shape of activity is similar to that of the wood stork, which also was found to peak at 09:00 and then
decline (Bryan et al. 2006). This supports direct observations of a peak in mid-morning sightings
(Danielsen et al. 1997) and feeding in the early hours of the day (06:30 and 07:10 hours) (Ja’afar
and Chong 2001). The concentration of events in the mid-morning, and reduced activity in the
afternoon, suggests that energy requirements are met early in the day, when possible.
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Seasonal variation
This study provides evidence for seasonal variation between the wet and dry season. Despite an
estimated coefficient of overlap of 0.62, the two subsets were found to arise from different circular
distributions, with a significant difference between the subsets (P = 0.0055*). The dry season activity
was spread throughout daylight hours and peaked in the mid-morning (fig 4), following the shape of
the overall activity pattern (see fig 3). In contrast, the wet season activity was more confined to the
middle of the day, with 87.4% of records between 11:02 and 14:58 hours, and peaking at around
13:00 (fig x). The later start to the day in the wet season could be influenced by the reduced light
intensity and temperature, which has been found to affect waking in birds (Raveling et al. 1972;
Swingland 1976). In addition to this, it has been previously reported that the Storm’s stork will fly
great distances in search of suitable feeding grounds in the wet season (Kidd, 1978). This indicates
that the species may struggle to locate suitable feeding grounds in the wet season. Thus, spending
more time in flight searching, than on the ground. It should be noted that the sample size for the wet
season was small (n = 16). The paucity of records from the wet season can be somewhat explained
by the accessibility issues and subsequent reduced trapping efforts in the wet season. Yet although
this will be an impacting factor, it appears unlikely to be the sole contributor to the low number of
images. Another possible suggestion for the reduced on-ground activity could be the reduced
proportion of time spent feeding, especially with no chicks to provide for during the wet season. Other
water bird species have shown a reduced time budgeted to feeding in the wet months, when
preening and other maintenance activities take priority (Chozhiyattel, 2009). The black-necked stork
in India has been shown to vary its feeding rate seasonally in line with prey abundance. Conversely,
the black-necked stork increased foraging rates in the monsoon season, when water levels rose,
and the concentration of fish decreased.
As previously mentioned, activity patterns presented here are representative of the on-ground
activity of the species along wildlife trails and forest openings. The models therefore do not provide
a full insight into the species’ daily routine. However, activity in birds is primarily driven by a tradeoff between dietary pressures and predatory risks (Van Der Veen and Sivars 2000). The diurnal
activity of C. stormi likely influenced by the dependence on light for detection of submerged prey
items (Wanless et al. 1999); given that fish, frogs and other aquatic organisms are deemed to be the
major prey items for the species (Danielsen et al., 1997).
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4.4 Conservation suggestions
Below are outlined some suggestions for future studies on the Storm’s stork. Where possible, a
range of methods should be utilised in unison to gain the best insight possible into the ecology of C.
stormi.
•

Attachment of GPS telemetry units to adult Storm’s storks. Radio telemetry can provide
detailed insights into the complete activity of the birds, and also show the areas frequented.
From this, determination of optimal habitat can be achieved. Furthermore, GPS telemetry
can reveal the locations of nesting sites. Identification and protection of nesting sites in the
breeding season is of particular importance.

•

Population estimates and monitoring. Survey work should be carried out to determine and
monitor populations and distribution. Areas of high ecological importance should be identified
and additional protected land should be established or reclaimed in these areas.

•

Collaborative camera trapping projects. As shown within, Storm’s storks are frequently
recorded on camera traps as by-catch. Collaboration between flat-headed cat and Malay
civet studies would be preferable for optimising return of Storm’s stork images. But it is
equally useful to determine if and why they are absent from other locations and habitats, so
any collaborative opportunities should be taken. If camera traps are to be deployed with the
primary aims of determining C. stormi habitat preferences, a randomised design should be
used to assess any habitat associations. If camera traps are deployed to optimise return of
C. stormi images, placing cameras close to water bodies, particularly oxbow lakes, has been
shown to be effective previously (Cutter et al. 2007; Cheyne et al. 2014), though it was not
statistically proven in this study.

•

Water quality assessments. Healthy populations of aquatic organisms may be the major
factor influencing C. stormi occurrence. Monitoring of prey species on major river systems
where Storm’s storks still persist should be undertaken.

Conclusion
Within this paper the significance of the LKWS has been emphasised as a stronghold for the species.
Despite the HSMs returning no variables of particular importance, the large dataset and frequent
sightings in the study area highlight its importance. It remains unknown whether riverine, swamp, or
both habitat types are optimal for the species. This study also revealed the first described activity
pattern for the species, and a variation in activity has been shown between the seasons. The
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persistence of the species throughout its distribution may still depend on responsible land-use
management and active efforts to conserve this enigmatic species.
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