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Abstract. Estimating population densities and their trends over time is essential for understanding primate ecol-
ogy and for guiding conservation efforts. From 2011 through to 2019, we counted two guenon species during
seasonal road transect surveys in Lake Manyara National Park: the Tanzania-endemic Manyara monkey Cercop-
ithecus mitis manyaraensis (International Union for Conservation of Nature and Natural Resources, IUCN, Red
List category of “endangered”) and the vervet monkey Chlorocebus pygerythrus (Red List category of “least
concern”). To account for imperfect detectability, we analysed the data in a line distance sampling framework,
fitted species-specific detection functions, and subsequently estimated seasonal densities. To test for seasonal
differences and yearly trends in the species-specific density estimates, we fitted generalized additive models.
Seasonal point density estimates fluctuated considerably during the 9 years (2011–2019) of our study, ranging
from 3 to 29 individuals km−2 for Manyara monkeys and from 19 to 83 individuals km−2 for vervet monkeys.
Densities of both taxa did not differ seasonally, and we did not detect marked directional population trends. Our
study illustrates the utility and limitations of line distance sampling for long-term primate monitoring. Beyond
informing primate ecology and management, our results highlight the conservation importance of Lake Manyara
National Park for primate conservation.

1 Introduction

In tropical forests, primates constitute a major component of
animal communities and interact with the environment and
other species in many ways as folivores, frugivores, omni-
vores, insectivores, seed dispersers, seed predators, pollina-
tors, and predators or prey (Chapman et al., 1999; Chapman

and Dunham, 2018). Primates often contribute substantially
to the vertebrate biomass and perform ecological services
that are important for the maintenance of tropical forests
(Oates et al., 1990; Hall et al., 2003; Fashing et al., 2012).
In particular, primates are critical seed dispersers across the
forest ecosystems of Africa, Madagascar, and South America
(Janson, 1983; Bourlière, 1985; Gautier-Hion et al., 1985;
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Chapman, 1995; Jordano, 1995; Dew and Wright, 1998;
Ganzhorn et al., 1999).

Due to substantial anthropogenic pressures, more than half
(60 %) of the world’s primate species are threatened with ex-
tinction, and an even greater percentage of primate species
(75 %) exhibit declining populations (Estrada et al., 2017).
Assessing the ecological impact of primates, as well as their
conservation status, requires reliable estimates of their popu-
lation densities or abundances over long time periods (Chap-
man et al., 2010). Monitoring of primate species is, therefore,
particularly important for endemic species that occur in land-
scapes that are subject to rapid anthropogenic change.

Lake Manyara National Park (hereafter referred to as
“LMNP”) is home to five primate species: the Pangani small-
eared galago (Otolemur garnettii panganiensis); the Uganda
lesser galago (Galago senegalensis sotikae); the olive ba-
boon (Papio anubis); and two species of guenon, the East
Africa vervet monkey (Chlorocebus pygerythrus) (hereafter
referred to as “vervet monkey”), a widespread species in East
Africa, and the gentle monkey (Cercopithecus mitis) (Foley
et al., 2014; Kiffner et al., 2015b). Recent molecular find-
ings (Zinner et al., 2022), the examination of many hundreds
of wild vervets across East Africa and of museum speci-
mens (including holotypes and paratypes), and a review of
the literature indicate that the vervet of this region is not
Hilgert’s vervet (Chlorocebus pygerythrus hilgerti) as often
stated in the latest literature, but its taxonomy is not cer-
tain. The International Union for Conservation of Nature and
Natural Resources (IUCN) Red List category of threat for
C. pygerythrus is “least concern” (Butynski and De Jong,
2022). Recently, the region’s gentle monkey (i.e. occurring
in LMNP, the forests of the Ngorongoro Conservation Area,
and some remnant forests in the Burunge Wildlife Manage-
ment Area and Karatu District) has been described as a new
subspecies, “Manyara monkey” Cercopithecus mitis man-
yaraensis (Butynski and De Jong, 2020). IUCN lists this sub-
species as “endangered” and declining (De Jong and Butyn-
ski, 2020). Due to its conservation status, small geographic
range (ca. 1480 km2; (Butynski and De Jong, 2020), and sus-
pected population decline, information on the size and dy-
namics of this population is required to guide conservation
efforts.

LMNP (680 km2 with a 460 km2 dry land area), in cen-
tral northern Tanzania, has experienced manifold human-
induced changes in recent decades (Mwalyosi, 1981; Prins
and Douglas-Hamilton, 1990; Kiffner et al., 2017). Due to
human population growth and changes in livelihood strate-
gies, LMNP is increasingly isolated from adjacent protected
areas (Newmark, 1996; Msoffe et al., 2011). Several large
mammal species, including black rhinoceros (Diceros bicor-
nis), eland (Taurotragus oryx), hartebeest (Alcelaphus buse-
laphus), and wild dog (Lycaon pictus), have been extirpated
in recent decades (Kiffner et al., 2015b; Steinbeiser et al.,
2019). Anthrax (Bacillus anthracis) and rinderpest (genus
Morbillivirus) epidemics have caused die-offs among wild

ruminants (Prins and Weyerhaeuser, 1987), and yaws (Tre-
ponema pallidum pertenue) circulates within the park’s pri-
mate populations. In olive baboons, this bacterial infection
causes ulcerative anogenital skin lesions and affects repro-
ductive behaviour (Knauf et al., 2018; Paciência et al., 2019).

Water flow from catchment areas has markedly declined
(Prins and de Jong, 2022), but floods occur more frequently,
leading to silting of the lake (Janssens de Bisthoven et
al., 2020). The once predominantly open savannah habi-
tats have transitioned into woodlands with a dense under-
storey (Kiffner et al., 2017). In addition, the boundaries of
the park have been extended to the south and southwest.
Concomitantly with these often cascading and interrelated
changes, population densities of large herbivorous mammals
have changed dynamically, with some species declining and
others increasing (Kiffner et al., 2017). Whereas bush en-
croachment may be beneficial for some primate species, it
is unclear how the sum of the various perturbations affects
the population dynamics of primate species in LMNP.

In contrast to the predominantly arboreal Manyara mon-
key, the semi-terrestrial vervet monkey might be differen-
tially affected by the change in LMNP habitats. Therefore,
we compare the population trajectories of both species and
present seasonal density estimates of Manyara monkey and
vervet monkey in LMNP over 9 years from November 2011
to November 2019. Based on time series of species-specific
density estimates and accounting for potential seasonal ef-
fects, we assess density trends. In addition, we provide data
on the spatial distribution and group sizes of both species
in LMNP.

2 Material and methods

Prior to fieldwork, we obtained permission (permit
nos. 2012-241-NA-2012-57 through 2020-130-NA-2013-
191) to conduct this research from the Tanzanian Wildlife
Research Institute (TAWIRI) and the Tanzania Commission
for Science and Technology (COSTECH). Due to the obser-
vational nature of this study, no ethical consent was required.

2.1 Lake Manyara National Park

We conducted fieldwork in the lowland area of LMNP (ca.
950–1100 m a.s.l.), a narrow stretch of land (ca. 168 km2)
between the western escarpment of the Eastern (Gregory)
Rift valley and the shallow and alkaline Lake Manyara
(Fig. 1). The climate is semi-arid to semi-humid with a bi-
modal rainfall pattern. From 2011 through 2018, annual rain-
fall at LMNP headquarters ranged from 430 to 1060 mm.
Most rain occurs during February–May (long rains) and
November–December (short rains; Prins and Loth, 1988).
Relatively fertile soils, local rainfall, and an extensive sur-
face and groundwater water influx from the Karatu High-
lands ensure high primary productivity (Prins, 1988). LMNP
is covered by multiple habitat types, including alkaline grass-
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Figure 1. Map of Lake Manyara National Park (LMNP): thin black lines denote the border of the national park; dashed lines denote the
border between the old park and the park extension (Marang Forest); thick black lines represent transects; light green polygons show the
approximate position and size of forests, extracted from Loth (1999) and CCI Land Cover (2016); (a) blue dots represent sightings of
Manyara monkeys during 2015–2019 surveys; and (b) green dots represent sightings of vervet monkeys during 2015–2019 surveys. Base
map by Esri.

lands near the lake, Vachellia (Acacia) woodlands, and es-
carpment woodlands (Greenway and Vesey-Fitzgerald, 1969;
Loth and Prins, 1986; Prins, 1988; Butynski and De Jong,
2020). In addition, there are groundwater forests and river-
ine forests where, among other tree species, sycamore figs
(Ficus sycomorus) grow. Relatively extensive stands of fever
trees (Vachellia xanthophloea) are often situated adjacent to
patches of groundwater forest. In response to multiple eco-
logical and anthropogenic changes over the last 40 years,
the vegetation density of the bush layer of wooded habi-
tats has substantially increased (Kiffner et al., 2017). How-
ever, the park still hosts a relatively diverse large-mammal
community (Foley et al., 2014), including predators of pri-
mates such as the leopard (Panthera pardus) and lion (Pan-
thera leo) (Palombit, 2013; Isbell et al., 2018; Havmøller et
al., 2021). In addition, raptors that prey on guenons, such as
the crowned eagle (Stephanoaetus coronatus), martial eagle
(Polemaetus bellicosus), and Verreaux’s eagle (Aquila ver-
reauxii), are present (Cordeiro, 1992; Isbell and Estam Jaffe,

2013; Lawes et al., 2013; McPherson et al., 2016; Paciência
et al., 2017) .

2.2 Line distance surveys

We counted Manyara monkeys and vervet monkeys during
2011–2019 as part of a multi-species line-transect monitor-
ing programme in the lowland area of LMNP (Kiffner et al.,
2020). We distributed multiple 2 km long transects along ex-
isting roads (Fig. 1). We aimed to repeat all transects each
survey, but this was not always possible due to poor road
conditions or road closures. The number of transects per sur-
vey ranged from 23 to 39. Consecutive transects were sep-
arated by 0.5 km to increase independence among transects.
The transect length and distance between transects were mea-
sured using the vehicle’s odometer. We used road transects
because off-road restrictions did not allow for a system-
atically distributed transect layout. Generally, we surveyed
these transects three times per year: during the long rains
(LR), the dry season (Dry), and the short rains (SR). How-
ever, because we started the monitoring at the end of 2011,
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we only conducted one survey in 2011, and we also skipped
the dry season survey in 2019. We conducted LR surveys
from the end of February into early April, dry season surveys
during July–August, and SR surveys from the end of Septem-
ber into November. The majority of observers were under-
graduate students of a study abroad programme focussing
on wildlife management. Prior to the survey, all participants
were trained in species identification as well as in the theo-
retical and practical aspects of distance sampling methodol-
ogy. Moreover, each observer team was accompanied by at
least one staff member with extensive experience in species
identification and wildlife survey methodology. Due to vari-
ation in the cohort sizes of semester groups, the number of
observers varied across vehicles and surveys, ranging from
3 to 9 observers per vehicle. To conduct these diurnal sur-
veys (usually carried out between 8:00 and 18:00 EAT), we
slowly (5–20 km h−1) drove along transects in open-top Toy-
ota Land Cruiser vehicles and stopped when the driver or
observers detected a target species. We then counted individ-
uals using a 50 m threshold for inter-individual distances to
define a cluster (Kasozi and Montgomery, 2020). Clusters in
distance sampling refer to groupings of organisms that ful-
fil a certain criterion of spatial organization (here, the 50 m
threshold). Clusters can contain one or multiple organisms.
Subsequently, we measured the perpendicular distance be-
tween the transect and the centre of the cluster with a laser
range finder (Bushnell Elite 1500). If monkeys moved before
the vehicle was in a position that was perpendicular to the
cluster, we measured the perpendicular distance between the
transect and the initial location of the cluster (Buckland et
al., 2001).

In all surveys, we completed all transects within 1 d us-
ing one to five vehicles. If multiple vehicles were used, we
assigned non-overlapping sections of LMNP to each vehi-
cle to minimize double-counting due to animal movement.
In some seasonal surveys, we repeated transects up to three
times within a few days. In these cases, we combined the
effort and sightings on the same transects before estimating
densities (e.g. if a 2 km transect was driven three times during
a few days, the line length was entered as 6 km and all sight-
ings were associated with the unique identification of this
transect). This is the procedure recommended for these cases
to avoid pseudoreplication (Buckland et al., 2001). From the
2015 SR survey onwards, we collected GPS coordinates of
primate sightings and used these geo-referenced sightings to
illustrate the distribution of the two target species on a map
(Fig. 1).

2.3 Data analysis

To estimate the population densities of the two species, we
analysed the data in the line distance framework – a method
that explicitly accounts for imperfect detectability of the fo-
cal species (Buckland et al., 2001; Thomas et al., 2010). For
each species, we tested six candidate detection models in the

Figure 2. Frequency of sightings (blue histogram) at each per-
pendicular distance bin as well as the fitted detection functions
(red line) for (a) Manyara monkeys (conventional distance sam-
pling, hazard rate key function with cosine series expansions) and
(b) vervet monkeys (conventional distance sampling, negative ex-
ponential key function with cosine series expansions) along road
transects in Lake Manyara National Park, Tanzania.

Distance 6.0 program. To base the detection models on a
sufficient sample size, we modelled global detection models
based on the pooled sightings of each species during 2011–
2019 (Manyara monkey: 286 observed clusters; vervet mon-
key: 525 observed clusters), after discarding 10 % of the far-
thest sightings from the transect. For each of the six species-
specific key functions, we considered cosine expansion se-
ries, used estimates of average cluster sizes obtained during
each survey, and utilized the post-stratification option to esti-
mate season-specific densities. Among conventional distance
sampling (CDS) models, we fitted uniform, half-normal, haz-
ard rate, and negative exponential key functions. Considering
that seasonality may have affected detectability (e.g. due to
plant phenology, one may suspect detectability to be lower
during the rainy seasons compared with the dry season),
we additionally ran two multiple-covariate distance sampling
(MCDS) models. We parameterized these models with either
a half-normal or hazard rate key function. As a model se-
lection statistic, we considered Akaike information criterion
(AIC) scores and ranked the six competing models accord-
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Figure 3. Seasonal (LR – long rains, Dry – dry season, and SR –
short rains) density estimates (error bars indicate 95 % confidence
intervals) of (a) Manyara monkeys and (b) vervet monkeys in Lake
Manyara National Park, Tanzania, during 2011–2019 (one survey in
2011, three surveys per year from 2012 to 2018, and two surveys in
2019), and seasonal trend lines based on a general additive model.

ingly. As additional criteria, we considered formal model fit
statistics and visual fit of the models (Buckland et al., 2001).

To illustrate population densities and their trends over
time, we plotted seasonal density estimates (and the associ-
ated 95 % CI) using the “ggplot2” package (Wickham, 2016)
implemented in R 4.1.1 (R Core Team, 2021). To assess if
the densities of the two species differed seasonally and annu-
ally, we fitted a general additive model (GAM) to the mean
seasonal density estimates using the “mgcv” package (Wood,
2016). In these GAMs, we defined “season” as a categorical
variable with three levels and modelled the annual trend-year
with a smooth term for the year. The dimension of the ba-
sis (k) used for the smooth term “year” was set to the maxi-
mum value for the duration of the study (i.e. 9) to allow suffi-
cient “wiggliness” of the trend line. To test for seasonal vari-
ation in cluster sizes, we used a negative binomial regression
model (Zeileis et al., 2008).

3 Results

For Manyara monkeys, model selection suggested that a
model with a hazard rate key function (Table 1) best ex-
plains detection as a function of perpendicular distance from
the transect line. While the Kolmogorov–Smirnov test statis-
tic indicates issues with model fit (this holds for all mod-
els; Table 1), the visual fit of the model appears good
(Fig. 2a). The three most supported detection models – haz-
ard rate, uniform, and negative exponential – yielded rela-
tively similar average densities across the study period: 13.0
[95 % CI: 10.2, 16.7], 14.4 [11.3, 18.5], and 15.0 [11.0,
20.4] individuals km−2 respectively.

Seasonal density estimates are associated with relatively
wide margins of error (Fig. 3a); coefficient estimates of the
GAM suggest neither significant seasonal density differences
nor a marked annual trend in Manyara monkey densities
(Table 2). Manyara monkeys occurred unevenly across the
study area (Fig. 1a). We detected them mostly in the northern
section (dominated by groundwater forests), in the central
section near the Endabash River (characterized by riverine
forests), and in the southern section (characterized by river-
ine forests).

For vervet monkeys, model selection suggests a model
with a negative exponential key function to best describe
the detection process (Table 1). Similar to the Manyara
monkey model, the Kolmogorov–Smirnov test indicates a
poor model fit (Table 1), but the visual fit of the model
appears relatively good (Fig. 2b) except for some de-
viations between fitted and observed values in the first
distance bins (0–10 m from the transect). The best sup-
ported detection model yielded greater average vervet mon-
key densities across the study period (46.8 [95 CI: 39.6,
55.5] individuals km−2) than the second ranked model (uni-
form: 37.9 [32.1, 44.7] individuals km−2) and third ranked
model (hazard rate: 37.3 [31.5, 44.1] individuals km−2).

The GAM results suggest that densities of vervet mon-
keys neither differed systematically by season nor showed
a significant annual trend over the survey period (Table 2;
Fig. 3b). In contrast to Manyara monkeys, vervet monkeys
were widely distributed across LMNP (Fig. 1b).

Cluster sizes of vervet monkeys (median cluster size of 5
and range of 1–38) were greater than cluster sizes of Manyara
monkeys (median of 3 and range of 1–27; Fig. 4). Based on
a negative binomial regression model, average cluster sizes
of Manyara monkeys (Fig. 4a) were significantly (p = 0.01)
greater during the short rains than during the dry season.
Cluster size did not differ significantly (p = 0.78) between
the dry season and long rains. In contrast, cluster sizes of
vervet monkeys were significantly greater during the long
rains (p = 0.02) and did not differ significantly (p = 0.09)
between the short rains and the dry season.
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Table 1. Key parameters associated with six detection models for Manyara monkeys and vervet monkeys in Lake Manyara National Park,
Tanzania. “Pa” is the estimated detection probability; “ESW” is the estimated strip width in metres; “KS p value” is the probability of a
Kolmogorov–Smirnov goodness of fit test. The numbers in brackets denote the 95 % confidence intervals.

Model 1AIC Pa ESW (m) KS p value

Manyara monkeys

CDS: hazard rate 0.00 0.57 [0.50, 0.66] 23.5 [20.5, 27.0] 0.0056
CDS: uniform 0.05 0.52 [0.45, 0.59] 21.2 [18.6, 24.2] 0.0056
CDS: negative exponential 1.01 0.50 [0.40, 0.63] 20.5 [16.3, 25.6] 0.0056
CDS: half-normal 4.15 0.57 [0.52, 0.62] 23.4 [21.4, 25.6] 0.0056
MCDS: hazard rate 4.90 0.61 [0.56, 0.65] 24.8 [23.0, 26.7] 0.0056
MCDS: half-normal 6.48 0.57 [0.53, 0.61] 23.3 [21.6, 25.2] 0.0056

Vervet monkeys

CDS: negative exponential 0.00 0.30 [0.27, 0.33] 18.0 [16.4, 19.8] < 0.001
CDS: uniform 1.63 0.37 [0.34, 0.41] 22.3 [20.5, 24.3] < 0.001
CDS: hazard rate 3.32 0.38 [0.35, 0.41] 22.7 [20.7, 24.8] < 0.001
CDS: half-normal 8.33 0.36 [0.33, 0.39] 21.4 [19.7, 23.2] < 0.001
MCDS: hazard rate 15.40 0.41 [0.39, 0.44] 24.7 [23.1, 26.4] < 0.001
MCDS: half-normal 61.91 0.47 [0.44, 0.50] 28.4 [26.6, 30.2] < 0.001

Table 2. Parameter estimates of generalized additive models to describe annual and seasonal trends of Manyara monkey and vervet monkey
densities in Lake Manyara National Park, Tanzania. For the smooth term, we state the estimated degree of freedom (df).

Manyara monkeys

Parametric variable Estimate SE t value p value

Intercept 12.41 2.34 5.30 ≤ 0.001
Dry season (vs. long rains) 1.94 3.43 0.57 0.578
Short rains (vs. long rains) 0.12 3.22 0.04 0.970

Smooth term Estimated df F value p value

Year 1 1.638 0.215

Vervet monkeys

Parametric variable Estimate SE t value p value

Intercept 50.87 6.63 7.67 ≤ 0.001
Dry season (vs. long rains) −9.27 9.71 −0.96 0.351
Short rains (vs. long rains) −3.51 9.10 −0.39 0.704

Smooth term Estimated df F value p value

Year 1 0.697 0.414

4 Discussion

Our analyses of line-transect surveys from 2011 to 2019
suggest that population densities both of Manyara monkey
and vervet monkey remained fairly stable in the surveyed
section of LMNP. While vervet monkeys were widely dis-
tributed across the surveyed area and occurred at greater den-
sities than Manyara monkeys, Manyara monkeys were, as ex-
pected, more restricted to the forested areas of LMNP. In the
following, we discuss the observed population dynamics and

highlight the conservation implications of these results with
a particular focus on the endangered Manyara monkey.

4.1 Population dynamics

As expected for primate species that occupy relatively stable
home ranges throughout the year (Struhsaker, 1967; Cords,
1986; Butynski, 1990; Isbell et al., 1990, 2018; Fashing and
Cords, 2000), we did not find marked density differences
across the three seasons. In terms of cluster sizes, we found
significant differences in both species (Fig. 4), yet the mag-
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nitude of these differences was relatively small. Importantly,
our monitoring data and subsequent trend analyses suggest
that population densities of both species have remained fairly
stable over the surveyed period (Fig. 3; see Table 2 for model
coefficients). While this sounds positive at a time when pri-
mate populations are struggling around the globe (Estrada
et al., 2017), we caution against overly optimistic interpre-
tations of our time series. Firstly, seasonal density estimates
for both species are associated with a substantial amount of
uncertainty (indicated by wide 95 % confidence intervals),
making it difficult to detect significant annual trends. Sec-
ondly, the overall trend lines indicate a slight downwards di-
rection in both species (Fig. 3). In contrast to several larger
mammal species in LMNP, such as savannah elephants (Lox-
odonta africana), African buffalo (Syncerus caffer), plains
zebra (Equus quagga), impala (Aepyceros melampus), or
olive baboons (Kiffner et al., 2017), we lack baseline den-
sity data for both guenon species before major perturbations
occurred in LMNP (i.e. prior to the 1980s). Therefore, elu-
cidating whether the populations of Manyara monkey and
vervet monkey have declined, increased, or remained largely
unaffected by the substantial changes that occurred in LMNP
over recent decades (Prins and de Jong, 2022) cannot be es-
tablished with certainty.

4.2 Primate densities in context

Population densities of gentle monkeys and vervet mon-
keys have been estimated at various sites in eastern Africa
(Struhsaker, 1967; Butynski, 1990; Isbell et al., 1990, 1999;
Thomas, 1991; Plumptre and Reynolds, 1994; Lee and
Hauser, 1998; Fashing and Cords, 2000; Hall et al., 2003;
Uehara, 2003; Fashing et al., 2012; McLester et al., 2019).
As field survey and analytical methods varied among sites,
it is, however, difficult to compare estimates among stud-
ies. Furthermore, comparative studies on olive baboon sur-
vey methods in LMNP provide evidence that distance sam-
pling along roads yields biased absolute population density
estimates (Kiffner et al., 2022). Manyara monkey densities
(average of 13.0 individuals km−2; 95 % CI: 10.2–16.7) for
LMNP are, at least, well within the range of densities for
gentle monkeys at other sites in central Africa and east-
ern Africa (Butynski, 1990; Thomas, 1991; Plumptre and
Reynolds, 1994; Fashing and Cords, 2000; Hall et al., 2003;
Uehara, 2003; Fashing et al., 2012; McLester et al., 2019).
Similarly, densities of vervet monkeys estimated for LMNP
(46.8 individuals km−2; 95 % CI: 39.6–55.5) are also com-
parable to densities at other sites in East Africa (Struhsaker,
1967; Isbell et al., 1990, 1999; Lee and Hauser, 1998).

In contrast to Manyara monkeys, vervet monkeys were
widely distributed across LMNP and occurred in all habi-
tat types (Fig. 1b). Although both species are considered
diet generalists (Butynski, 1990; Isbell and Estam Jaffe,
2013; Lawes et al., 2013), the arboreal Manyara monkey
largely depends on closed forest, whereas the semi-terrestrial

vervet monkey largely depends on woodland and forest edge
(Fig. 1). The wide distribution of vervet monkeys in LMNP
was further confirmed by systematic camera trapping: an oc-
cupancy model suggests that vervet monkeys occupied ap-
proximately 74 % of the lowland area (Steinbeiser et al.,
2019). The greater dependence on evergreen forests explains
the heterogeneous distribution of Manyara monkeys within
LMNP (Fig. 1a). In other areas, substantial heterogeneity
of gentle monkey densities at relatively small spatial scales
has been observed and attributed to perturbations such as
disease outbreaks (Butynski, 1990). Although illegal hunt-
ing for bushmeat affects several larger mammal species in
LMNP (Kiffner et al., 2017), primates are generally not
hunted in this region (Kiffner et al., 2015a). Monkeys are
unlikely the target species of poachers here, but they can be
a by-catch of snares, as reported for southern patas mon-
keys (Erythrocebus baumstarki) in the western Serengeti
(De Jong and Butynski, 2021). While we cannot rule out
possible impacts of diseases on gentle monkey populations
(e.g. yaws circulates in Manyara monkeys; Chuma et al.,
2018), we strongly suspect that the limited availability of ev-
ergreen forest habitat predominantly determines population
size. In LMNP, a system characterized by a patchy distri-
bution of diverse habitat types (Loth and Prins, 1986), sys-
tematic camera trapping (16 % occupancy; Steinbeiser et al.,
2019) and systematic line-transect surveys (this study) all
indicate a spatially restricted distribution of Manyara mon-
keys that is tightly linked to groundwater forests and river-
ine forests (Fig. 1a). As the gentle monkey is a food gen-
eralist, with an emphasis on fruit and invertebrates (Cords,
1986; Beeson, 1989; Butynski, 1990; Kaplin et al., 1998;
Takahashi et al., 2019), we speculate that the availability of
food, especially fruits, coincides with these habitat types and
explains the restricted distribution of Manyara monkeys in
LMNP. This, in turn, explains the low population densities
compared with other study areas (e.g. Kakamega Forest in
Kenya and Kibale Forest in Uganda) which have greater pro-
portions of evergreen closed forest and relatively little savan-
nah habitat. In addition, competition with the abundant and
widely distributed vervet monkey (Fig. 1b) and olive baboon
(Kiffner et al., 2022) might influence their distribution. Spe-
cific patterns of primate co-occurrences in LMNP are known
(i.e. significant associations between Manyara monkeys and
vervet monkeys occur, whereas no significant associations
between Manyara monkeys and baboons have been found;
Kiffner et al., 2014). However, little is known about fitness-
relevant repercussions (e.g. competition vs. facilitation) of
interspecific interactions among primate species in LMNP
and whether these interactions influence primate distribu-
tions and abundance. Although we cannot exclude a possible
influence of methodology on density estimates, interspecific
variation seems strongly influenced by ecological variables
such as habitat quality and possibly disease, predation, and
other factors (Whitten, 1982; Butynski, 1990).
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Figure 4. Box plots (bold midline indicates the median, and the
upper and lower limits of the box represent the respective third and
first quartiles) of (a) Manyara monkey and (b) vervet monkey clus-
ter sizes during seasonal (LR – long rains, Dry – dry season, and SR
– short rains) line distance surveys in Lake Manyara National Park,
Tanzania. The grey dots represent individual data points.

4.3 Conservation implications

Before providing further interpretations of our data for con-
servation assessments, a word of caution is appropriate. As
our density estimates are based on road surveys (which may
not represent the entire study area; Kiffner et al., 2022) and
as both monkey species showed distinct distribution patterns
(which are not accounted for when extrapolating densities
from the area covered by the transect to the study area), the
actual population density of the surveyed species may dif-
fer from our estimates. Potential design-based bias probably
does not affect temporal trends, but the non-random distri-
bution of transects can substantially affect absolute density
estimates (Beaver et al., 2014; Kiffner et al., 2017). To pro-
vide more accurate estimates of the abundance of Manyara
monkeys, we recommend dedicated surveys in their preferred
habitats (e.g. groundwater forest and riverine forest; Fig. 1a).
Such targeted surveys are necessary to provide a clearer basis
for assessing the conservation status of the Manyara monkey.

As mentioned above, the Manyara monkey has recently
been described (based on their unique external phenotype
and isolated geographic range) as a subspecies within the
gentle monkey complex (Butynski and De Jong, 2020). This
subspecies occurs within a relatively restricted area of north-
ern Tanzania (known distribution range of 1480 km2 and a
probable range of 5865 km2). The range includes the forests
of two protected areas (i.e. Ngorongoro Conservation Area
and LMNP) that are likely the main strongholds of this sub-
species (Butynski and De Jong, 2020). The Manyara monkey
is listed as “endangered” on “The IUCN Red List of Threat-
ened Species” due to continuing habitat loss, degradation,
and fragmentation in their small geographic range (De Jong
and Butynski, 2020). In light of the restricted distribution of
this subspecies within the study area in LMNP and the as-
sociated spatial heterogeneity in density, we strongly caution
against extrapolating our density estimates to the suggested
distribution range. Overall, we echo the recommendations of

Butynski and De Jong (2020) with respect to continued ef-
fective protected area management. In particular, we assume
that effectively protecting riverine and groundwater forests is
crucial for the long-term conservation of the Manyara mon-
key. This subspecies also occupies areas outside protected
areas, such as the remnant communal riverine forests on the
Mbulu Plateau in the Endabash area of Karatu District, and
communal land along the Rift Valley escarpment to the north
of LMNP. This monkey also occasionally moves through
the agricultural matrix between LMNP and the Ngorongoro
Conservation Area (Christian Kiffner, personal observation,
1 March 2020). Thus, protecting existing forested wildlife
corridors, such as the Upper Kitete Corridor (which links the
Ngorongoro Conservation Area to LMNP), as well as river-
ine forest and ground water forest on communal land, will
help ensure the persistence of this subspecies across its cur-
rent range (Butynski and De Jong, 2020).

Data availability. Data on population density estimates and ob-
served cluster sizes are publicly available at Göttingen Research
Online: https://doi.org/10.25625/95WCN8 (Kiffner, 2022).
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