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Abstract

The population status of the [IUCN vulnerable Nubian Ibex Capra nu-
biana is largely unknown in the Middle East because of difficulties con-
ducting intensive surveys. We tested the utility of camera-trapping at per-
manent water sites to estimate demographics and population trend of the
species in the Dana Biosphere Reserve, Jordan. We also studied the rela-
tionship between precipitation and the Normalized Difference Vegetation
Index NDVI on water site use by the Nubian Ibex, demographics, and
population trend. The Nubian Ibex showed a mean annual productivity of
0.81 neonate/female and an adult female survival of 0.87 which is a
lower survival rate found in other ibex species. The mean potential an-
nual rate of increase, A=1.14, of this population was similar to those
found in other ibex species and indicated a viable population. The cap-
ture rate of camera traps (number of photographed animals/camera day)
was found not to be a reliable index to monitor population trends because
water site use was related to environmental conditions that could not be
standardized or predicted a priori. Quantifying population demographic
ratios using camera trapping allowed for monitoring the status of key
population parameters and growth potential of Nubian Ibex populations
in the Dana Reserve, and likely can be used to monitor population status
and facilitate informed management of similar populations in the Middle
East.
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Introduction

The Nubian Ibex Capra nubiana (F. Cuvier, 1825), a species classified as
vulnerable by the [IUCN Red List (Ross et al., 2020) has a distribution
that consists of small, fragmented populations scattered across the arid
mountains of the Middle East and northeast Africa (Habibi, 1994; Wake-
field et al., 2008; Attum, 2007; Attum et al., 2009). Despite this relatively
widespread distribution, little is known about the status of populations
throughout much of its range (Ross et al., 2020). For example, in Egypt,
the last published population estimate from the Sinai Peninsula was dur-
ing the late 1970s (Baharav & Meiboom, 1981). Monitoring of popula-
tions is complicated by multiple non-ecological considerations, including
geopolitical security considerations, local regulations, logistical con-

straints, and financial constraints. These frequently exclude the use of
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intensive aerial or ground surveys, or estimators using marked individu-
als, to monitor populations of ibex, despite the use of these methods else-
where (Loison et al., 2002; Toigo et al., 2007; Largo et al., 2008).

The use of demographic ratios is a common method in population
management and monitoring (Hanson, 1963; Burgoyne, 1981; Creed et
al., 1984; Roseberry & Woolf, 1991; Bender, 2006, 2019; Keegan et al.,
2012). Demographic data including productivity ratios (i.e., juvenile:fe-
male ratio), adult sex ratios (ASRs), and population age structure are di-
rectly related to population productivity and hence sustained yield, sur-
vival, and population health. Thus demographic data provide more infor-
mation for population management than just population trend (Allen,
1942; Burgoyne, 1981; Creed et al., 1984; Bender & Miller, 1999; Gail-
lard et al., 2000; Eberhardt, 2002; Bender et al., 2002; Bender, 2006,
2018, 2019; Boertje et al., 2010; Hurley et al., 2011; Serrouya et al.,
2017). Analyses of demographic ratios have a rigorous statistical back-
ground (Skalski et al., 2005). While potentially influenced by similar
ecological factors as other monitoring techniques (Skalski et al., 2005;
Keegan et al., 2012), conservative assumptions and appropriate inclusion
of error into demographic ratios and estimates of population rate-of-in-
crease can result in very conservative estimates of population trend as

well as productivity and survival.



Passive monitoring strategies such as camera trapping has re-
cently been used to collect productivity ratios, ASRs, and survival rates;
reconstruct population size; identify individuals; and determine optimal
harvest levels (e.g., Jacobsen et al., 1997, Hamrick et al., 2013; Beaver et
al., 2016). Collecting demographic data on Nubian Ibex populations at
permanent water sites may thus be a feasible method of monitoring status
and trend in a less labour and cost-intensive, non-invasive manner. De-
spite being well-adapted to arid mountains, water is still a limiting factor
in Nubian Ibex distribution (Habibi, 1994; Attum et al., 2009). Nubian
Ibex must drink regularly and therefore permanent water sites are useful
locations for collecting monitoring data (Wakefield & Attum, 2006;
Wakefield et al., 2008; Attum et al., 2009; Edwards et al., 2017). How-
ever, precipitation can also affect distribution of herbivores in arid envi-
ronments (Bartzke et al., 2018) and use of permanent water sites variable,
as such sites may be used less frequently if other ephemeral sources of
water are available. Moreover, precipitation, through its effects on forage
quality and consequently nutritional condition, also strongly affects pop-
ulation structure of large herbivores (Marshal et al., 2008; Bartzke et al.,
2018; Caltrider & Bender, 2018;).

Throughout their range, Nubian Ibex face many ecological and

anthropogenic challenges, including illegal hunting (Habibi, 1997; Saleh
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& Basuony, 1998). Thus, monitoring of populations is necessary for evi-
dence-based conservation aimed at maintaining species viability. Be-
cause few viable monitoring methods for Nubian Ibex have been demon-
strated in the Middle East, our objective was to assess the ability of cam-
era trapping at permanent water sites to estimate demographics (sex ratio,
productivity, and female survival) and population trend of Nubian Ibex in
the Dana Biosphere Reserve, Jordan. We further examined the relation-
ship between precipitation (or a surrogate less impacted by the landscape
distribution of weather stations, i.e., normalized difference vegetation in-
dex [NDVI] (Pettorelli et al., 2011; Caltrider & Bender, 2018)) and water
site use, demographics, and population trend.

Material and Methods

Study area. The Dana Biosphere Reserve covers approximately 320 km?
in southern Jordan (30.68°N, 35.57°E). It contains over 60 permanent
and semi-permanent water sources (Attum et al., 2017). Reserve manage-
ment installed three permanent water sources in the area believed to con-
tain the highest biodiversity within the reserve and was consequently a
focus area for conservation action (Attum et al., 2017; Edwards et al.,
2017). The Reserve is characterized by warm summers and mild winters,
with occasional below freezing temperatures and a mean annual precipi-

tation of 320 mm. Topography is typical of ibex habitat in the region
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(Habibi, 1997), and consists of plateaus, hills, and mountains with deeply
dissected valleys.
Methods. We used two Scoutguard SG560 (HCO Outdoors, Norcross,
GA, USA) remote cameras to collect photographic captures of ibex be-
tween 2010 and 2014 at two artificial water sites in the Reserve. The wa-
ter sites were natural depressions that were rimmed and encased with ce-
ment to prevent runoff and fed by a pipe to provide a permanent supply
of water. The water sites were located approximately 900 m apart, were
ca. 1 m in diameter, and <12 cm deep. Cameras were deployed at a dis-
tance of 6—7 m from the water site, active 24 h/d, programmed with a 1-
minute delay between triggers, and one photograph taken per trigger.
Demographics. We determined productivity expressed as the neo-
nate:adult female ratio, ASR (adult male:adult female), and estimated
adult female mortality rate from population age structure (i.e., yearling
female:adult female) from ibex photographed between August and Octo-
ber annually (Bender, 2006; Bender & Spencer, 1999). We used these
months for data collection because they coincided with the approximate
time of weaning based on observations of ibex neonate, which allows an
index of ibex productivity to be estimated (Bender, 2006). In addition,
this time period coincides with the breeding season which allows rela-

tively unbiased ASRs and population age structure data to be collected
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because of minimal sexual segregation (Habibi ,1997; Bender, 2006). We
classified all individuals in each photograph by sex and age (neonate,
yearling, adult), and tallied ibex classified to obtain a pooled sex and age
composition count for the period. We determined variance around ratios
following Czaplewski et al. (1983), assuming inclusion of double counts
of individuals because of pooled composition samples and lack of
marked individuals. Assuming double counts increases the width of re-
sultant confidence intervals (CIs), so it makes further analyses conserva-
tive (i.e., less likely to detect significant differences) (Czaplewski et al.,
1983). Given how Nubian ibex neonates are typically born in the spring
(Habibi, 1997), we defined neonates at approximately 5—8 months old,
yearlings as 1.5 years-old, and adults as >2.5 years old. Identification of
adult ibex males is facilitated by their significantly larger body and horn
sizes, whereas females and young males can be misidentified due to their
smaller body and horn sizes, especially as the distance between individu-
als and cameras increases or individuals photographed at night (Wake-
field et al., 2008). Thus, potential for bias exists when estimating ASR
from camera trap photographs because large males are easier to identify
than females and small males. Consequently, we did not include data

from photographs taken at night and of individuals that were greater than
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15 m from the camera. The effect of this would be to decrease the proba-
bility of misclassification and uncertainty in resultant demographics.

We used population age structure to estimate annual mortality and
the inverse, (survival = 1 — mortality rate) rates of adult female ibex from
age structure (Burgoyne, 1981; Creed et al., 1984; Roseberry & Woolf,
1991; Bender & Spencer, 1999; Skalski et al., 2005; Bender, 2006). Be-
cause we could not always differentiate yearlings by sex, we used total
numbers of yearlings observed and estimated mean annual mortality us-
ing (0.5 X Nyearlings) / Nfemales (adult + yearling). This rate is equivalent to the
grand mean of all age-specific mortality rates, weighted by numbers in
each age class, from a life table analysis (Bender & Spencer, 1999;
Bender, 2006). Because sexual segregation can be pronounced in ibex
outside of the rut and immediate post-rutting period (Nowak, 1991;
Mungall & Sheffield, 1994; Habibi, 1997) and some of the early and later
data from our monitoring period included male-only groups, our esti-
mates of adult female survival may be biased by inclusion of these
groups. Hence, we also determined mortality rates similarly using only
mixed groups to estimate the potential magnitude of this bias. However,
we used the rates derived from all individuals in the monitoring period in
further analyses, as this provided a more conservative estimate of poten-

tial dynamics of ibex. We also pooled all observations over years to
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derive a weighted mortality rate estimate for the population over the en-
tire study period identically to the above, and for data both including and
excluding male-only groups. Additionally, mortality rates derived from
age-structure assume that the population is age-stable and stationary, and
thus can over or underestimate true rates if the population is increasing or
declining, respectively (Bender & Spencer, 1999; Bender, 2006). How-
ever, this difference is minor for populations that are not growing or de-
clining rapidly (Bender, 2006).

Population trend. We determined the potential finite rate-of-population
increase (A) annually using the formula, A = Sfemale + 72 % N:F, where
Stemale = annual survival rate of females > age 1.5 years and older and N:F
= neonate recruited per female (White & Bartmann, 1998). Because our
neonate:female ratios were from the immediate weaning period, we as-
sumed a postweaning survival rate of 0.68 through the postweaning pe-
riod until recruitment at the approximate age of 1.5 years, based on the
mean of all bovid studies indexed by Gaillard et al. (2000). We believe
that this postweaning survival rate of 0.68 is conservative given the ca.
0.80 postweaning survival rate for introduced Nubian Ibex in the South-
western USA (Bender, unpubl.). We calculated confidence intervals
around A and determined the probability that A > 1 using parametric boot-

strapping with 10,000 iterations (Efron & Tibshirani, 1993; Bender &
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Hall, 2004). We used productivity and survival rates and their standard
errors (SEs) as determined above.

We also determined the photographic capture rate (i.e., number of
ibex photographed/camera day) annually to assess whether photographic
capture rate could be used as a catch-per-unit effort (CPUE) trend estima-
tor. To test this, we assessed whether photographic capture rate was in-
fluenced by environmental conditions (see below) which could decouple
it from solely indexing population trend (Skalski et al., 2005; Keegan et
al., 2012).

Influence of precipitation. We used monthly precipitation data collected
from the Shobak Weather station (30.51°N, 35.53°E) to assess relation-
ships between precipitation and population parameters. Precipitation data
was only available for the first three years (2010-2012) of our study, as
well as 2009 data for analysis of lagged effects (see below). In areas
lacking reliable precipitation records, precipitation quantity and vegeta-
tion availability are often inferred through the use of landscape greenness
indices such as the normalized difference vegetation index [NDVI] (Pet-
torelli et al., 2011; Caltrider & Bender, 2018). Consequently, we obtained
250-m resolution NDVI 16-day composite coverages for the Reserve for
2009-2014 from the USGS Land Processes Distributed Data Archive

Center (https://lpdaacsvc.cr.usgs.gov/appeears/products). We used the



12

Reserve boundary to define the study area, transformed NDVI values us-
ing InNDVI (an adjustment used to correct NDVI for plateauing at low
leaf-area index; Ryan et al., 2012), and calculated the mean InNDVI and
NDVI value for the Reserve for each 16-day period.

We averaged monthly (precipitation) or 16-day periods (InNDVI
and NDVI) into biological seasons based on the life history of Nubian
Ibex. We based biological seasons on the timing of critical life processes
of adult females in the Reserve, which included mid-late gestation to par-
turition (January—April), lactation (May—July), weaning (August—Octo-
ber), and post weaning (November—December) (sensu Bender & Pias-
ecke, 2010; Bender et al., 2011). We then used a correlation analysis to
examine the relationship between precipitation, InNNDVI, and NDVI for
biological seasons with photographic capture rate and population demo-
graphic rates (i.e., neonate:female ratio, adult female survival, and finite
rate of population increase) for both the current (photographic capture
rate and demographics) and the previous years’ (demographics only) bio-
logical seasons. We did the latter to determine whether any effects of pre-
cipitation or landscape greenness on ibex demographics were lagged.
Results
We obtained 1,415 photographs with a sum of 4,165 ibex counts, of

which 2,057 met our criteria for successful classification of
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demographics. Annually, productivity ratios ranged from 0.61-0.98
(mean = 0.81) neonate:female; ASRs ranged from 0.64—0.98 (mean =
0.81) male:female; and photographic capture rate ranged from 0.7-1.8
photographs of ibex groups per camera-day, with 1.5-10.8 animals pho-
tographed per camera-day (Table 1). Mean annual adult female mortality
rates ranged from 0.05-0.19 (mean = 0.13). Pooled across years, esti-
mated mean annual mortality rate was 0.10. Excluding male-only groups,
annual mortality rates ranged from 0.05-0.14 (mean = 0.10), while the
pooled mean was 0.09 (Table 1).

Estimated potential annual rate of increase of ibex ranged be-
tween 1.06—1.22 annually (mean = 1.14; Table 1). Over the entire study
period, the ibex population potentially increased with a 92% or more
probability (range = 53—139%; P(A> 1) = 1.000; Table 1).

Precipitation during the current year or biological seasons from
the previous year was not correlated (P>0.141; n=3—4 years) with any de-
mographic or photographic capture rate (Table 2). Number of ibex photo-
graphed/camera day was negatively related to InNNDVI throughout each
biological season of the current year (P<0.061; n=>5 years; Table 2). The
neonate:female ratio was positively related to INNDVI during the mid-
late gestation to parturition season and lactation season from the previous

year (P=0.073; Table 2), but was not related to InNDVI during other
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biological seasons of the current or previous year (P>0.150). No other
demographics (adult female survival and finite rate of increase) were sig-
nificantly related to InNNDVI for any biological season in either the cur-
rent year or the previous year (P>0.118; Table 2). Results using NDVI
were qualitatively identical to InNVI.

Discussion

Photographic captures from camera traps at permanent water sites al-
lowed demographic data to be collected from Nubian Ibex, including
ASRs, neonate:female ratios, and adult female survival, which further al-
lowed estimation of potential population growth (Table 1). The mean
productivity of Nubian Ibex in our study (0.81 neonate:female) was well
below the species potential (Nowak, 1991; Mungall & Sheffield, 1994;
Loison et al., 2002). Lower productivity than seen in Alpine Ibex (Capra
ibex) was likely due to limited forage characteristic of arid environments
as found in other species (Coe et al., 1976; Sowell, 2001). Productivity
ratios are frequently used as a management metric because they allow de-
termination of the maximum total adult mortality that a population can
sustain without declining, and high production of juveniles is often an in-
dicator of good individual and population health (Gaillard et al., 2000;
Eberhardt, 2002; Bender, 2006, 2019). We found that juvenile production

in the Reserve was sufficient to sustain a hypothetical annual adult
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female mortality of approximately 0.30—0.45 (or 0.20-0.31 if post-wean-
ing juvenile survival was 0.68). These rates were higher than mortality
rates documented from other populations of ibex (see below) or those we
observed in the Reserve (0.05-0.19). These were also significantly higher
than the mean adult female mortality rate seen in bovid survival studies
(0.10 for prime-aged females) indexed by Gaillard et al. (2000). Thus,
despite relatively low productivity as compared to the species potential,
productivity of ibex in the Reserve was sufficiently high to allow for
population growth given observed adult female survival.

Our estimates of adult female survival (range: 0.81-0.95; mean =
0.87) were also generally lower than survival rates observed elsewhere,
i.e., 0.89-0.99, again primarily from studies of Alpine Ibex (Toigo et al.,
1997, 2007; Girard et al., 1999; Loison et al., 2002, Largo et al., 2008)
but similar to the survival rates (0.87) of a heavily hunted population in
Sinai, Egypt (Attum et al., in press). Excluding male-only groups only in-
creased annual survival estimates of adult females to 0.86—0.95 annually
(mean = 0.90),and pooling over years to estimate a weighted mean pro-
duced estimates of 0.90 (including male-only groups) and 0.91 (only
mixed groups); these estimates were similarly generally lower than esti-
mates for Alpine Ibex. However, because our data suggests that the popu-

lation is increasing, survival rates derived from age structure may be
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underestimated (Bender & Spencer, 1999; Bender, 2006); for example, at
A=.10, the mean female survival rate (0.87) may have been underesti-
mated by up to 0.08 and therefore survival could be 0.95. However, large
herbivores in arid environments often show poorer body condition than
those in more mesic habitats because of low forage quantity and quality
and frequent drought, which in turn decreases productivity and survival
rates (Bender et al., 2007; Marshall et al., 2008; Bartzke et al., 2018; Cal-
trider & Bender, 2018; Bender & Piasecke, 2019). Additionally, Nubian
Ibex at our study site were subject to unknown levels of illegal killing
(Eid & Handal, 2018), which can decrease survival rates as well.

Despite this, Nubian Ibex in the Reserve showed sufficiently high
survival of adult females and neonates to allow for a 1.14 rate of increase
(Table 1), despite our use of the most conservative (and potentially un-
derestimated) estimates of adult female survival. This potential popula-
tion rate of increase is reflected in other ibex populations. For example,
Walia Ibex (Capra walie) showed a mean annual rate of increase of ap-
proximately 1.05 (Alemayehu, 2012), while Alpine Ibex typically show a
rate of increase between 1.02 and 1.19 (Largo et al., 2008). However, Al-
pine Ibex that experience no hunting and occur in optimal habitat can in-
crease at A=1.35, likely near the species’ maximum population rate of in-

crease (Loison et al., 2002; Largo et al., 2008).
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Whether Nubian Ibex in the Reserve actually attained a 1.14 rate
of increase is unknown, as there are no reliable independent estimates of
population trend in our study area and actual post-weaning survival and
rates of dispersal are unknown. Based on our observations, once Nubian
Ibex disperse away from the waterholes, they are more vulnerable to
poaching. Regardless, unless post-weaning survival of neonates is ex-
tremely low (i.e., much lower than the 0.68 rate we assumed), Nubian
Ibex in the Reserve represent a viable population with growth potential
despite unknown poaching levels and may serve as a source population
for habitats in the surrounding area.

Skewed ASRs result from differences between mortality rates of
adult males and females, and ASR is frequently used as a management
metric to index male survival and age structure, although often without
appreciation that ASRs reflect both male and female mortality rates
(Bender, 2006, 2019). The ASRs we observed reflected lower survival
for males than females, similar to other populations of Nubian Ibex (At-
tum et al., in press) and other large herbivores typically due to higher ear-
lier mortality and often more rapid senescence of males (Gaillard et al.,
2004). However, this pattern may be less pronounced in Nubian Ibex
(Habibi, 1997) and Alpine ibex (Toigo et al., 1997, 2007), where mortal-

ity rates are not very difference between sexes (Attum et al., in press).
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Because ASR = Smale/Stemale (Bender, 2006), estimated adult male sur-
vival was ca. 0.70 (assuming Sfemale=0.87) for Nubian Ibex in the Re-
serve, which was lower than seen in Alpine Ibex (Toigo et al., 1997,
2007; Girard et al., 1999) and lower than a population in Sinai, Egypt
(Attum et al., in press). Consequently, some degree of male-biased mor-
tality occurs in the Reserve, likely due to illegal trophy hunting. Despite
this, the ASRs in our study were high compared to most large herbivore
populations, and adult male survival rate was well above levels that allow
survivorship into older age classes (Bender, 2019).

In contrast to population demographics, photographic capture
rates were not a reliable index to monitor population trend using CPUE
because of the negative correlations between the number of water site
visits and landscape greenness as indexed by InNDVI (Table 2), i.e. Nu-
bian Ibex made fewer visits to permanent water sites when landscape
greenness was greater. This suggests that Nubian Ibex visits to water
sites were influenced by plant phenology (which reflects forage moisture
content and hence precipitation) and availability of other ephemeral wa-
ter sites. Nubian Ibex were likely able to meet at least some of their water
requirements through forage and other ephemeral water sources during
periods of recent precipitation. As a result, visitation rates at the perma-

nent water sites were related to environmental conditions which can vary
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significantly within and among seasons and years. Thus, visitation rates
cannot reliably index population trends because they were influenced by
factors other than population size that cannot be standardized a priori
(Skalski et al., 2005; Keegan et al., 2012).

Last, we found few significant relationships among precipitation,
landscape greenness, and population demographics in the Reserve. While
landscape greenness indices have been related to some demographics of
large herbivores in less arid regions (e.g., Ryan et al., 2012), Caltrider
and Bender (2018) found that indices were poorly related to nutritional
condition of multiple species of large herbivore in arid New Mexico,
USA, likely because greenness indices reflect plant photosynthetic activ-
ity and not species composition or forage quality. Because virtually all
productivity and survival demographics of large herbivores are related to
nutritional condition regardless of region (Clutton-Brock et al., 1982;
Whitten et al., 1992; Adams et al., 1995; Eberhardt, 2002; Cook et al.,
2004, Bartzke et al., 2018), a lack of strong relationships between land-
scape greenness and condition likely resulted in the lack of correlations
we observed between demographics and greenness. The exception we
observed was productivity being positively related to greenness between
January and May (i.e., conception—early gestation) of the previous year.

If not spurious, this suggests that Nubian Ibex may be more dependent
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upon capital reserves than income for subsequent conception, litter size,
and maternal investment in neonates. Female Alpine Ibex have been
identified as primarily capital breeders (Toigo et al., 2002; Rughetti et al.,
2015), and this strategy likely carries over to Nubian Ibex in arid envi-
ronments, where the costs of reproduction to adult female condition and
survival can be extremely high for income breeders. While actual precipi-
tation may show more consistent relationships with condition than do
greenness indices and consequently is likely more strongly related to sur-
vival and productivity, precipitation data was not available for every year
of our study, and this incomplete data may have contributed to the lack of
relationships that we observed.

We found camera traps were effective tools to estimate annual re-
productive output and survival which are critical to estimating population
growth and frequently used independently as key management metrics
because of their direct relationship to population performance and health
(Eberhardt, 2002; Bender, 2006, 2019; Keegan et al., 2012). This strategy
also allowed for the estimation of the growth potential of Nubian Ibex
populations with certain assumptions, at least one of which (postweaning
survival prior to dispersal of yearlings) can also be assessed by ratios de-
rived from camera trap surveys conducted when juveniles are approxi-

mately one-year-old (Bender, 2006). Thus, monitoring ibex
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demographics at permanent water sites appears to be a viable strategy to
quantify population status in the Dana Reserve and similar populations.
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Table 1. Annual adult female survival (S¢), neonate:female ratio at wean-
ing (N:F), finite rate of population increase (A), probability that A>1
(P(X>1)) adult sex ratio (ASR; males:female), and photographic capture

rate (number of animals photographed per day) of Nubian Ibex in the
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Dana Biosphere Reserve, Jordan, 2010-2014. SE = standard error; CI =

90% confidence interval; n = annual sample size (i.e., number of ibex

classified from photographic capture samples.

Ye |St [SE [N:|S |Al | CI P() | AS | SE | Photo | n
ar F |E >1 R rate

201 {0. {00 (0. |O. | 1.1 |1.12- |1.00 |09 |0.0 |4.01 59
0 95 |2 61 |03 |6 1.20 0 2 |3 7
201 {0. {00 (0. |O0. |12 ]1.11- |1.00 |0.6]0.0 |520 |31
1 88 | 4 95109 |0 1.29 0 5 |6 2
201 {0. 100 ]0. |0. | 1.2 |1.07- |[0.99 [0.8]0.0|10.78 |90
2 89 |3 98 102 |2 1.38 2 7 12 9
201 [0. |00 ]0. |0. | 1.0 ]0.94- |0.82 |09]0.1 |4.13 13
3 81 |5 76 |12 | 6 1.18 1 8 |6 4
201 {0. |00 (0. |0. | 1.0 |0.92- |0.80 [0.6|0.1 |1.52 10
4 82 |5 75 |15 |7 1.30 4 4 |0 5
Me [0. |00 ]O0. |O. | 1.1 |1.09- |1.00 |0.810.0 |--- -
an |87 |3 81 (07 |4 1.19 0 1 7

"\ =S¢+ % x (N:F x 0.68), where 0.68 = assumed post-weaning neonate

survival following Gaillard et al. (2000).
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Table 2. Correlations between seasonal InNDVI and photographic cap-

ture rate (number of ibex photographed/camera-day), neonate:female ra-

tio at weaning (N:F), adult female survival (Sr), and finite rate of popula-

tion increase in the Dana Biosphere Reserve, Jordan. Correlations with

population demographics include both the present years and the previous

years (lagged) biological seasons.

Season
Jan—April May—July Aug—Oct Oct-Dec
Measure | R P r P R P r P
Photo —0.86 | 0.06 | - 0.05 | - 0.053 | -0.86 | 0.061
rate 1 087 |4 0.87
N:F -0.74 | 0.15 | - 022 | - 0.200 | -0.60 | 0.281
0 0.66 |1 0.69
N:F 0.84 [0.07 |{0.78 |0.11 | 0.77 | 0.125 | 0.48 | 0.408
lagged 3 8
St! 0.04 1094 | - 0.67 | — 0.665 | -0.61 | 0.277
5 026 |1 0.27
St -0.17 | 0.78 | — 0.56 | — 0.426 | -0.56 | 0.330
lagged' 3 0.35 |6 0.47
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1

1

A —0.53 | 035 | - 0.20 |- 0.178 | -0.75 | 0.145
4 0.68 |0 0.71
Alagged | 0.52 | 0.37 | 0.34 | 0.57 | 0.25 | 0.689 | —0.06 | 0.920

Yearling:female ratio is identical with sign reversed.




