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Abstract: Extinction is often preceded by progressive range contraction and population decline, yet spe-
cies may remain undetected for extended periods before confirmed disappearance. At the national scale,
distinguishing between confirmed historical extirpation and recent non-detection is essential for effective
conservation prioritization. This study adopts a two-tier analytical approach for Jordan’s mammalian fau-
na. First, it compiles and reviews historical, archaeological, and paleontological evidence to identify taxa
that have been extirpated with relatively high confidence from the Early Pleistocene through the twenti-
eth century. Second, it applies a standardized lost species framework, using a 210-year threshold for taxa
without verified wild records, to systematically screen extant mammalian taxa for recent non-detection and
potential national loss. For the latter assessment, all species listed in the National Red Data Book of Mammals
in Jordan were evaluated based on their most recent documented occurrence using published literature,
museum records, and confirmed field observations. Results indicate that 22 mammalian taxa are histor-
ically extirpated, representing long-term and largely irreversible national losses. In contrast, seven taxa,
Gazella gazella, Nesokia indica, Gerbillus andersoni, Lutra lutra, Capreolus capreolus (reintroduced population),
Gazella dorcas, and Gazella marica, meet the criteria for being nationally lost, reflecting recent absence of ver-
ified detections rather than confirmed disappearance. Six of the seven nationally lost taxa are classified as
Critically Endangered, indicating strong concordance between national extinction risk and recent non-de-
tection. By explicitly separating historical extirpations from recently undetected taxa, this study provides
an early-warning, precautionary framework that supports targeted surveys, recovery planning, habitat
restoration, strengthened enforcement, and transboundary coordination, thereby helping to prevent addi-
tional species from progressing toward irreversible national extinction.

Keywords: Conservation prioritization, lost species, national extirpation, species rediscovery, wildlife
monitoring
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INTRODUCTION

Extinction is typically preceded by progressive
range contraction and population decline, pro-
cesses that may be detectable through spatial
and temporal signals before complete disap-
pearance occurs (Ceballos and Ehrlich 2006;
Channell and Lomolino 2000a, 2000b; Gilpin
and Soulé 1986). In recent conservation dis-
course, increasing attention has been given
to taxa that are not formally extinct but have
remained undetected for extended periods.
Terms such as lost, missing, or long-lost have
been used to describe species that lack recent
confirmed records but have not been declared
extinct (Cottee-Jones et al. 2013; Silcock et al.
2020; Twomey and Brown 2008). Long and Ro-
driguez (2022) proposed a standardized “lost
species” framework, defining lost taxa as those
with no verified wild record for a specified time
period (ten years or more) and absent from
ex situ conservation programs. Operational
thresholds, however, vary across studies, rang-
ing from shorter temporal gaps to long-lost cat-
egories exceeding 50 years (de Lirio et al. 2018;
Paglia et al. 2022; Villarroel et al. 2014; Watson
and Davis 2017).

At national scales, the disappearance of a
species from a country, while not necessarily
implying global extinction, represents a sig-
nificant conservation event. National losses
reduce ecological function, erode genetic rep-
resentation across landscapes, and may sig-
nal broader regional declines (Ceballos and
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Ehrlich 2002; Channell and Lomolino 2000b;
Dirzo et al. 2014). Moreover, distinguishing
between confirmed national extirpation and
temporary non-detection is often complicated
by uneven survey effort, restricted access, and
transboundary population dynamics (Long
and Rodriguez 2022; Silcock et al. 2020). Ap-
plying a transparent operational threshold can
therefore help prioritize targeted surveys and
guide conservation decision-making before
formal extirpation is inferred.

In this study, a conceptual distinction is
made between two categories: (1) historically
extirpated taxa, which are considered absent
with high confidence based on archaeological,
paleontological, or historical evidence span-
ning long temporal scales, typically from the
Pleistocene through the twentieth century, and
therefore representing irreversible losses at the
national scale, and (2) nationally lost taxa, de-
fined as species lacking verified wild records
for 210 years but for which the possibility of
continued persistence cannot be excluded. This
distinction is critical, as it separates confirmed
historical disappearance from recent non-de-
tection, thereby enabling more targeted con-
servation prioritization.

Jordan lies at the intersection of the Mediter-
ranean, Arabian, and Saharo-Sindian biogeo-
graphic zones and supports a diverse mam-
malian assemblage shaped by both ecological
gradients and historical land use (Eid and Abu
Azam 2025; Eid et al. 2020). Archaeological
and zooarchaeological evidence confirms that
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several large mammals formerly occurred in
the region during the Late Pleistocene and Ho-
locene, a shift that reflects long-term faunal
change (Bar-Oz et al. 2011; Henton et al. 2017;
Price et al. 2018). However, the primary conser-
vation concern today relates to recent and con-
temporary declines driven by hunting pres-
sure, habitat fragmentation, water extraction,
and historically weak enforcement of wildlife
protection laws (Ceballos and Ehrlich 2002;
Dirzo et al. 2014; Eid et al. 2020).

This study applies a standardized lost spe-
cies framework at the national scale in Jordan
to distinguish between historically extirpat-
ed mammals and recently undetected (‘lost’)
taxa, and to assess implications for conserva-
tion prioritization. It does not aim to provide a
comprehensive taxonomic review of all mam-
malian species occurring in Jordan. Instead,
it systematically screens mammalian taxa for
absence of documented wild detections for >10
years, distinguishes these from historically ex-
tirpated species, and evaluates the implications
of such national losses for conservation priori-
tization following Long and Rodriguez (2022).

METHODS

A structured literature review was conducted
to compile records of mammalian taxa histor-
ically extirpated from Jordan. Sources were
systematically searched using academic da-
tabases, complemented by regional reports,
archaeological and zooarchaeological studies,
and historical accounts. Search terms included
combinations of “Jordan”, “mammals”, “ex-
tinction”, “extirpation”, “zooarchaeology”,
“Pleistocene fauna”, “Holocene fauna”, and
species-specific names. Additional sources
were identified through reference chaining and
regional syntheses. Only records supported by
verifiable evidence (e.g., fossil remains, archae-
ological assemblages, historical documenta-
tion, or peer-reviewed studies) were included.

All mammalian taxa listed in the Internation-
al Union for Conservation of Nature (IUCN)
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National Red Data Book of Mammals in Jordan (Eid
et al. 2020), together with subsequent peer-re-
viewed updates, were systematically reviewed
to determine the most recent documented na-
tional record for each species. The assessment
incorporated published literature, museum
records, confirmed field observations, and for-
mally reported survey data compiled through
national biodiversity assessments and protect-
ed-area monitoring programs. The screening
encompassed the full taxonomic breadth of
the national checklist, including Chiroptera,
Rodentia, Carnivora, Artiodactyla, and other
mammalian groups. Species historically extir-
pated from Jordan are not included in the Red
Data Book and were therefore treated separate-
ly from taxa assessed for recent non-detection.

A taxon was classified as nationally lost if
(1) no verified wild detection had been record-
ed within Jordan for >10 years as of 2026 (year
of analysis), and (2) the species was not main-
tained in any formally documented national
ex situ or captive breeding program for rein-
troduction or population recovery, following
Long and Rodriguez (2022). Valid records were
restricted to published literature, museum
specimens, confirmed field observations, and
formally reported survey data, while anecdotal
reports were excluded. For the purposes of this
study, ‘extirpated’ refers to taxa considered
absent with high confidence based on archaeo-
logical, paleontological, or historical evidence,
whereas ‘lost’ refers to taxa lacking recent ver-
ified records but for which persistence cannot
be excluded.

Conservation status was contextualized us-
ing the National Red Data Book of Mammals in
Jordan (Eid et al. 2020) and the 2024 ITUCN Red
List of Threatened Species (IUCN 2024). Be-
cause detection probability varies among spe-
cies and survey effort (Long and Rodriguez
2022; Silcock et al. 2020), the lack of recent
records was not interpreted as definitive evi-
dence of national absence. The >10-year thresh-
old was therefore applied as a precautionary
screening tool to prioritize verification surveys
before inferring formal national extirpation.
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RESULTS AND DISCUSSION

Paleontological and zooarchaeological evi-
dence indicate that several large mammals
occurred in Jordan during the Pleistocene but
became regionally extinct due to long-term
climatic and ecological turnover (Faure 1986;
Pokines et al. 2019; Tchernov 1988). These
deep-time extirpations are analytically distinct
from Holocene and twentieth-century nation-
al extirpations, which are primarily associated
with hunting, habitat conversion, and human
land-use change.

Based on archaeological, zooarchaeologi-
cal, and historical sources, twenty-two mam-
malian taxa are considered historically extir-
pated from Jordan. The timing of extirpation
varies widely, spanning the Early Pleistocene
through the twentieth century, and for several
taxa the last national occurrence can only be es-
timated within broad chronological windows.
While acknowledging variation in uncertainty
associated with different spans of time since
last known occurrence, these taxa are treated
here as historically extirpated based on the best
available evidence in Table 1, and are distin-
guished from recently undetected (‘lost’) taxa
identified using the >10-year threshold in Ta-
ble 2. Among the most recently extirpated taxa
within this group were large carnivores, in-
cluding the lion (Panthera leo), Arabian leopard
(Panthera pardus nimr), cheetah (Acinonyx juba-
tus), and Syrian brown bear (Ursus arctos syria-
cus), primarily driven by persecution, prey de-
pletion, and habitat degradation (Eid and Abu
Azam 2025; Eid et al. 2020; Mountfort 1964).

Similarly, based on available evidence, sev-
eral ungulates appear to have been extirpated
during the twentieth century, including the
Arabian oryx (Oryx leucoryx), onager (Equus he-
mionus hemippus), and the Arabian sand gazelle
(Gazella marica, historically recorded as Gazella
subgutturosa), largely due to overhunting and
increasing desert accessibility (Eid and Mallon
2021; Tsahar et al. 2009). Forest-associated cer-
vids such as red deer (Cervus elaphus) and roe
deer (Capreolus capreolus) were also extirpated
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from the northern highlands following habi-
tat clearance and sustained hunting pressure
(Eid and Abu Azam 2025; von den Driesch and
Boessneck 1995).

Applying the >10-year screening criterion for
the designation of lost species, seven addition-
al mammalian taxa can be classified as nation-
ally lost in Jordan (Table 2; Fig. 1). While the
taxa discussed above (and shown in Table 1)
are considered historically extirpated with rel-
atively greater confidence based on available
evidence and previously published reports, the
taxa listed in Table 2 are classified as ‘national-
ly lost’, reflecting a shorter period without ver-
ified observations and therefore greater uncer-
tainty but higher potential value for targeted
conservation and rediscovery efforts. All seven
taxa meeting the >10-year criterion are small- to
large-bodied mammals; no other mammalian
species recorded from Jordan currently satisfy
the nationally lost threshold based on verified
records. The absence of most small mammals
from the nationally lost category should be in-
terpreted cautiously, as limited survey effort
and detectability constraints may obscure re-
cent declines or local loss. Systematic filtering
of all mammalian taxa, including rodents and
bats, indicates that most species still have rela-
tively recent records in Jordan, although many
remain poorly studied. For example, the yel-
low-necked field mouse (Apodemus flavicollis) is
restricted to a few forested localities in north-
ern Jordan that represent the southern limit
of its global distribution, and its populations
are presumed to be declining because of for-
est degradation. Similarly, extensive surveys of
bats, particularly those synthesized by Benda
et al. (2010) and subsequent field investiga-
tions, indicate that the 26 bat species recorded
from Jordan are still present despite variation
in population status and threat levels.

One notable exception is Anderson’s gerbil
(Gerbillus andersoni), which has been recorded
from a single locality in Jordan representing
the easternmost limit of its global range. The
last confirmed capture was reported by Abu
Baker et al. (2009), and the species is consid-
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Table 1. Mammalian taxa extirpated from Jordan with moderate to high confidence from the Pleistocene
to the late 20" century. Chronological phases follow standard Quaternary and historical archaeological
frameworks: Lower (Early) Pleistocene = 2.6-0.8 Ma; Middle Pleistocene = 0.8-0.126 Ma; Late Pleisto-
cene ~ 126-11.7 ka; Holocene = 11.7 ka—present; Medieval period = 5"-15" century CE; and modern histor-
ical period = 19*"-20" centuries CE.

Approximate last

Primary driv-

. Evidence base Confidence .
Species P occurrence T ers (dominant
or occurrence _ . . in timing sources
window in Jordan hypotheses)
Long-term
Hippopotamus Paleontological Early Pleistocene . climatic-hydro-
behemoth (Jordan Valley) (~1.4 Ma) High logical shifts; 1 2ure 1986
faunal turnover
Hippopotamus Paleontological Early Pleistocene . Climatic—eco-
gorgops (Jordan Valley) (~1.4 Ma) High logical turnover Faure 1986
Palaeoloxodon cf. IZO(?archaeo- Late Middle Pleis- . Megafaunal. Pokines et al.
] ogical (SM1, High turnover; cli-
recki . tocene (~125 ka) . . 2019
Azraq Basin) matic drying
Elephas cf. IZO(?archaeo- Late Middle Pleis- . Chmat1c—. Pokines et al.
. ogical (SM1, High hydrological
hysudricus . tocene (~125 ka) 2019
Azraq Basin) change
cf. Stephanorhinus IZO(?archaeo- Late Middle Pleis- . Hab1.tat con- Pokines et al.
. ogical (SM1, High traction; climat-
hemitoechus . tocene (~125 ka) e 2019
Azraq Basin) ic aridification
Zooarchaeo- ?Oacteenl\e/liidclsilee;; d II;IIL%ZCf)ZZne Climatic Pokines et
Bos primigenius (Au- logical (SM1 fluctuation; al. 2019; Eid
(2125-266 ka); later presence; Me- )
rochs) levels 8 & 7b; . hunting and Mallon
. Holocene per- dium for later
Azraq Basin) . . pressure 2021
sistence unresolved persistence
cf Par?them feo Zogarchaeo- Late Middle Pleis- . Sava.rma €O Pokines et al.
(Pleistocene logical (SM1, High traction; ecolog-
. . tocene (~125 ka) . 2019
population) Azraq Basin) ical turnover
Gaczeerllleaz};.r;ﬂelsto- Zooarchaeo-  Late Middle Pleis- Hich Habitat shift Pokines et al.
raq logical (SM1)  tocene (~125 ka) & 2019
population)

Camelus s Zooarchaeo-  Late Middle Pleis- Hich Environmental Pokines et al.
p- logical (SM1)  tocene (~125 ka) 5 change 2019
Eq(?’ﬁiifo%ene Zooarchaeo-  Late Middle Pleis- Hich Climatic drvin Pokines et al.
; logical (SM1)  tocene (~125 ka) & Y& 2019

population)
Secure occurrence High for
Zooarchaeo- . ) Middle Pleis- Hydrological
X to Middle Pleis- :
logical- tocene: Holocene ~ focene occur-  contraction
Hivopolamus paleontological ersist,ence uncon.  rence. Low and freshwater Ducos 1978;
Ppopota (Jordan Valley; P for last-occur- habitat loss; Tchernov
amphibius firmed (reported L .
Early Holocene rence timing  long-term cli- 1988
A ~7000 BCE surface . i .
attribution . . .. (owing toun- matic-ecologi-
. finds require verifi- o
uncertain) . verified Holo- cal change
cation)
cene reports)
Ovis orientalis Zooarchaeo-  Holocene (last oc- Low Hunting; hab- Bar-Oz et al.
logical currence uncertain) itat degradation 2011
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Approximate last

Primary driv-

. Evidence base Confidence . Key
Species P occurrence T ers (dominant
or occurrence _ . . in timing sources
window in Jordan hypotheses)
Panthera leo . . . .
o L By medieval period . Hunting; Eid et al.
(historical popu-  Historical (“13th century CE) Medium habitat loss 2020
lation)
. von den
Archaeologi- By l.ate medﬂieval . Habitat clear-  Driesch and
Cervus elaphus o period (~15 Medium .
cal-historical ance; hunting  Boessneck
century CE)
1995
N 19*—early 20" Hunting; hab- Eid and Abu
Addax nasomaculatus Historical century (uncertain) Low itat degradation Azam 2025
Capreolus capreolus Eid and Abu
(Roe deer; . . Early 20" century ) Hunting; Azam 2025;
indigenous Historical (early 1900s) High habitat loss Mountfort
population) 1964
Equus hemionus N . Hunting; desert Eid and Abu
hemippus (Onager) Historical 1920s High access Azam 2025
Dama mesopotamica .
(Persian fallow ~ Historical 19205 High Hunting Bid and Abu
Azam 2025
deer)

Acinonyx jubatus L . Hunting; Eid and Abu
(Cheetah) Historical Early 1920s High persecution Azam 2025
Oryx leucoryx L 1940s (possibly Medium-— . Eid and Abu
(Arabian oryx) Historical early 1960s) High Overhunting Azam 2025

Ursus arctos syriacus .

. S . . Eid and Abu
(Syrian brown Historical 1941 High Hunting Azam 2025
bear)

) Persecution; .
Panthera pardus nimr _ . = . . § Eid and Abu
(Arabian leopard) Historical 1962 High cpciifclri)tlo r Azam 2025

ered Critically Endangered nationally because
of severe habitat destruction associated with
quarrying activities. Based on the >10-year
non-detection threshold applied in this study,
this species therefore qualifies as national-
ly lost in Jordan. These cases highlight how
limited monitoring and uneven survey effort
for small mammals can obscure population
trends and complicate assessments of national
persistence.

Jordan’s pattern mirrors broader regional
and global defaunation trends, particularly the
disproportionate loss of large-bodied mam-
mals (Betts et al. 2019; Ceballos and Ehrlich
2002; Ceballos et al. 2015; Dirzo et al. 2014).
However, the absence of recent detections does
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not necessarily imply complete extirpation,
and such cases are therefore treated as ‘nation-
ally lost” rather than confirmed extirpations.
For example, the Eurasian otter (Lutra lutra)
persists in neighboring countries (Aidek et al.
2021; Reuther et al. 2001), raising the possibil-
ity that remnant or transient individuals may
occur undetected within Jordan. Riparian hab-
itat degradation, invasive alien species such as
coypu (Myocastor coypus), and reduced survey
effort further complicate detection probability
(Eid et al. 2020; Loy et al. 2022). In addition,
restricted access to portions of suitable ripari-
an habitats, particularly in border areas, com-
bined with periodic security and administra-
tive constraints, may further limit systematic
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Table 2. Species lacking documented wild detections in Jordan for >10 years as of 2026 (year of analysis),
following the definition of ‘lost’ proposed by Long and Rodriguez (2022). IUCN status designations are as
follows: EN (endangered) indicates a very high risk of extinction; VU indicates vulnerable, a high risk; NT
is near threatened, and LC is least concern, a low risk of extinction.

No. Species Last documented Years since National Red Data Global IUCN
wild detection  last record Book Status Status (2024)
(as of 2026)  (Eid et al. 2020)

1 Gazella gazella 1986 40 CR EN
(Palestinian mountain gazelle)

2 Gerbillus andersoni 2009 17 CR LC
(Anderson’s gerbil)

3 Nesokia indica (Short-tailed 1988 38 DD LC
bandicoot rat)

4 Lutra lutra (Eurasian otter) 2000 26 CR NT

5  Capreolus capreolus (Roe deer; 2008 18 CR LC
reintroduced population)

6  Gazella dorcas (Dorcas gazelle) 2013 13 CR VU

7 Gazella marica 2016 10 CR \48)

(Arabian sand gazelle)

field surveys, thereby increasing the likelihood
of non-detection despite potential persistence.

Similarly, Arabian sand gazelle (Gazella mar-
ica) occurs near international borders where
access, enforcement, and monitoring are un-
even, potentially hindering both verification
and recovery (Eid and Handal 2018; Eid and
Mallon 2021). These cases illustrate how trans-
boundary dynamics and survey limitations
can obscure national status assessments. The
>10-year threshold therefore functions as a
structured screening mechanism to prioritize
targeted field surveys before definitive extir-
pation is inferred (Long and Rodriguez 2022;
Silcock et al. 2020).

Reintroduction outcomes provide addition-
al insight into conservation priorities. The roe
deer (Capreolus capreolus) was reintroduced
in Ajloun Nature Reserve through a captive
breeding program initiated in 1989, with 26
individuals (11 males and 15 females) released
in January 2006 after nearly 18 years of on-
site breeding management (Eid and Ananbeh
2009). Although the program initially estab-
lished a free-ranging population, no recent
detections have been reported from the wild,
and no active national ex situ population cur-
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rently exists to support recovery. The species
therefore meets both criteria of the >10-year
nationally lost framework. While this case rep-
resents a reintroduced rather than an indige-
nous population, it is treated here as a distinct
analytical category, ‘reintroduced populations
meeting lost criteria’, to avoid conflating rein-
troduction outcomes with declines of native
populations. The absence of long-term moni-
toring, incomplete demographic records, and
the lack of a structured post-release population
model likely limited evaluation of population
viability, highlighting the need for adaptive
management, standardized monitoring, and
improved landscape connectivity in future re-
covery efforts. In contrast, regional recovery
initiatives for species such as the Arabian oryx
(Oryx leucoryx) demonstrate that population
recovery is achievable under sustained protec-
tion, although populations confined to fenced
reserves may not fully restore ecological func-
tion.

Preventing further national losses will re-
quire a coordinated conservation response in-
tegrating species-specific recovery planning
with landscape-level management. Beyond the
seven nationally lost taxa, several additional
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mammals classified as Critically Endangered
(CR) or Data Deficient (DD) in the National Red
Data Book of Mammals in Jordan warrant pro-
active investigation, particularly species with
restricted distributions, declining populations,
or low detectability (e.g., Caracal caracal, Felis
chaus, Felis margarita, Rhinolophus mehelyi, Mel-
livora capensis) (Eid et al. 2020). Linking na-
tional threat categories to targeted verification
surveys may function as an anticipatory mech-
anism to prevent additional taxa from crossing
the >10-year non-detection threshold.

Priority actions, therefore, include conduct-
ing systematic field surveys for CR and DD
species, developing formal recovery plans with
measurable demographic targets, strengthen-

Nationally lost mammals in Jordan

ing enforcement to reduce illegal hunting and
habitat encroachment, restoring and recon-
necting fragmented habitats, and enhancing
transboundary coordination for shared pop-
ulations. Importantly, variation in research
intensity, survey coverage, and accessibility
across regions may influence the likelihood
that a species is classified as nationally lost;
strengthening standardized long-term moni-
toring frameworks is therefore essential to re-
duce uncertainty and avoid misclassification
driven by uneven effort.

Applying a transparent lost species thresh-
old at the national scale provides an ear-
ly-warning mechanism within conservation
planning. By distinguishing between histor-

Figure 1. Mammalian taxa currently lost in Jordan: (A) Arabian sand gazelle (Gazella marica), photo credit,
Ehab Eid; (B) Roe deer (Capreolus capreolus), photo credit, Khalid Al-Masri; (C) Short-tailed bandicoot rat
(Nesokia indica), photo credit, Adwan Shehab; (D) Anderson’s gerbil (Gerbillus andersoni), photo credit, Mo-
hammad Abu Baker.

Journal of Lost Species ® Volume 1 ® pp. x—x



Eid

ical extirpations identified with relatively
greater confidence and recently undetected
or lost taxa, the framework presented here
helps triage survey effort and prioritize in-
tervention before permanent loss occurs (Bet-
ts et al. 2019; Channell and Lomolino 2000a,
2000b; Long and Rodriguez 2022). In Jordan,
the strong overlap between regional CR status
and nationally lost taxa suggests that threat
assessments can anticipate future national
disappearances if proactive measures are not
implemented.

CONCLUSIONS

In addition to the 22 taxa historically extirpat-
ed from Jordan, the application of the 210-year
lost species threshold identifies seven addition-
al mammalian taxa currently classified as na-
tionally lost in Jordan and highlights the strong
concordance between national Red List threat
assessments and recent non-detection, which
may precede confirmed extirpation. Prevent-
ing further losses requires targeted verification
surveys for Critically Endangered and Data De-
ficient taxa, strengthened enforcement of wild-
life protection legislation, and development
of science-based recovery and reintroduction
frameworks where suitable habitat and region-
al source populations persist. Future survey ef-
forts should prioritize ecologically suitable but
under-surveyed habitats, particularly riparian
corridors in the Jordan Valley and Yarmouk
Basin, and steppe—desert ecosystems of eastern
and southern Jordan. Emphasis should also be
placed on medium- and large-bodied mam-
mals, which are disproportionately vulnerable
to hunting and habitat fragmentation. Apply-
ing the lost species framework at the national
scale provides an early-warning mechanism to
prioritize conservation action before additional
extirpations occur.
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