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Abstract oil spills) occur, these historic estimates will be 
essential for assessing impacts and guiding manage-

This study reports historic capture-mark-recapture ment and conservation interventions. Our results 
survival and abundance estimates of common bottle- show year-round dolphin presence and highlight the 
nose dolphins (Tursiops truncatus) based on photo- Venezuelan coastal–oceanic landscape as an area of 
identification surveys of coastal Venezuela (along both future research and conservation importance.
the Aragua coast between Turiamo Bay and Puerto 
Colombia). We used the most recent data available: Key Words: abundance, capture-mark recapture, 
dolphins identified by unique dorsal fin marks during cetacean, closed capture, robust design, survival, 
wet and dry season surveys conducted from 2004 temporary emigration, bottlenose dolphin,  Tursiops 
to 2008. Dolphin encounter histories were analyzed truncatus
in the Closed Capture Robust Design framework, 
with the top model including random movement, Introduction
constant survival, and capture-recapture probabili-
ties that varied by secondary periods. Survival of Bottlenose dolphins (Tursiops sp.) are widespread, 
marked adults was estimated at 0.99 (95% CI = 0.97 with populations found from equatorial to temper-
to 1.00). Population estimates for all adults (marked ate seas and coastal to pelagic habitats all over the 
and unmarked) averaged 31 animals (SD = 13.8), planet (coastal and oceanic ecotypes) (Leatherwood 
and for all dolphins (all adults and calves), 41 ani- & Reeves, 1983; Shane et al., 1986; Wells & Scott, 
mals  (SD = 17.2). Coastal bottlenose dolphins face 1999; Reynolds et al., 2000). Populations of common 
numerous threats, including ship strikes, oil spills, bottlenose dolphins (T. truncatus; National Marine 
conflict with recreational and industrial fisher- Fisheries Service [NMFS], 2016) vary in number 
ies, other negative human interactions, biotoxins, depending, in part, on habitat, with those in neritic 
chemicals, noise, freshwater discharge, and coastal and pelagic zones ranging from 200 to 1,000 indi-
development. Further, small populations are, in viduals, while those in coastal areas usually com-
general, at increased risk due to reduced resiliency prise less than 200 individuals (Bearzi et al., 1997; 
and recovery potential when exposed to such threats Defran & Weller, 1999; Wilson et al., 1999; Read 
and to expected environmental and demographic et al., 2003; Fruet et al., 2011; Litz et al., 2019).
stochasticity. These historic estimates of abundance The western coast of Aragua, Venezuela 
and survival are critical for establishing a reference (Figure 1), is a year-round host for two species of 
state and indicate a need for ongoing monitoring dolphins: (1) the common bottlenose dolphin and 
of the small dolphin population while the Aragua (2) the Atlantic spotted dolphin (Stenella frontalis). 
coast is still, as of yet, relatively little impacted by From 2004 to 2008, 100 small-boat transect sur-
humans. Should coastal development increase (as veys were conducted resulting in a daily encoun-
is the global trend) and/or environmental catastro- ter ratio between 0.79 and 1.11 dolphins/survey 
phes (e.g., harmful algal blooms, hurricanes, and (Cobarrubia-Russo et al., 2019). During that period, 
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Figure 1. Map of the coastal Venezuela study area and transect surveyed (black arrow) during the 2004-2008 study period. Also 
depicted are the inset (location of study area in Venezuela), scale bar (5 km), and north arrow (open circle with line pointing north).

the accumulated number of unique bottlenose dol- potentially occur (Balmer et al., 2015; B. Balmer 
phins sighted never exceeded 100 (Cobarrubia- et al., 2018; J. Balmer et al., 2018; Labach et al., 2019; 
Russo et al., 2019). Observed groups of bottlenose Durden et al., 2020; Ronje et al., 2020).
dolphins that collectively comprised the superpopu- The primary goal of this study was to use his-
lation of the area included a local group of mother- toric data (the most recent data available) to gen-
calf pairs, other near-coast mother-calf groups, and erate the first abundance and survival estimates 
all-male groups during the November to February for Venezuela’s coastal bottlenose dolphin popula-
reproductive season (Cobarrubia-Russo et al., 2019). tion using photo-identification of marked (natural 

Although exploitation of cetaceans in Venezuela “marks” on their dorsal fins) adults. Capture-mark-
has occurred in the past (Romero et al., 1997), the recapture of dolphins based on photo-identification 
government currently attempts to protect common is a well-established method to determine abun-
bottlenose dolphins and the more than 20 other ceta- dance and survival (Rosel et al., 2011; Balmer 
cean species recorded there (Romero et al., 2001; et al., 2019; Labach et al., 2019; Durden et al., 
Bolaños & Villarroel-Marín, 2003) through the Law 2020; Silva et al., 2020). Capture-mark-recapture 
on the Protection of Wildlife and its Regulations methods are preferred as abundance estimators over 
(GORV Number 29.289, 8/11/1970), the Law on line-transect methods that estimate density because 
the Management of Biodiversity (GORBV Number highly variable group sizes produce imprecise line-
39.070, 12/1/2008), and Article 127 of the Constitution transect estimates, and, unless the range is defined, 
of the Bolivarian Republic of Venezuela (1999). it is not possible to convert density to abundance 
Venezuela is also a signatory nation to the Convention (Wilson et al., 1999). Increasingly, Pollock’s (1982) 
on International Trade in Endangered Species of Wild capture-mark-recapture robust design has been used 
Fauna and Flora (CITES). However, major threats to obtain accurate estimates of abundance and other 
facing cetaceans persist, including incidental fishing, demographic variables by expanding on traditional 
poaching as shark bait, and pollution (Rodríguez & “open” population (primary periods) models to 
Rojas-Suárez, 2008). In particular, small coastal popu- include secondary periods of “closure” within pri-
lations of common bottlenose dolphins face myriad mary periods (Kendall et al., 1997). In this study, we 
threats from human activities (Methion & Díaz López, used such Closed Capture Robust Design (CCRD) 
2018; Silva et al., 2020). Further, populations of less models to determine the abundance and survival 
than 100 animals are more prone to extinction due to of the marked adults, and to extend the abundance 
demographic and environmental stochasticity (Gilpin estimates to all adults and all dolphins (adults and 
& Soulé, 1986; Traill et al., 2007). It is critical to docu- calves) in the superpopulation (Kendall, 1999). This 
ment the population size of Venezuela’s small coastal study provides benchmark historic status informa-
bottlenose dolphin population while the Aragua coast tion (abundance and survival) on a coastal popula-
is still relatively less impacted by humans, before tion of common bottlenose dolphins along the west-
major impacts such as increased coastal develop- central coast of Venezuela, which will be useful for 
ment, sea-level rise, and other environmental disasters future demographic parameter comparisons within 
(e.g., oil spills, hurricanes, and harmful algal blooms) this population and with other populations. These 
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historic estimates indicate the need for ongoing their behavior was not altered by our presence. 
monitoring of this small coastal (and, therefore, Once in proximity to the group, we recorded the 
more vulnerable) common bottlenose dolphin pop- observation time, group size, and location (using 
ulation (Gilpin & Soulé, 1986; Traill et al., 2007; a hand-held Global Positioning System). The 
Methion & Díaz López, 2018; Silva et al., 2020). bow observer photographed individuals using a 

Digital Rebel XT Reflex SRL Canon camera with a 
Methods Tamron 18 to 250 mm zoom lens set to Large/Fine 

resolution. Individual adult common bottlenose 
Study Area dolphins were later identified by natural, perma-
The coast of Aragua State in Venezuela, South nent marks (e.g., scars, notches, and deformations) 
Caribbean, extends for ~60 km, with the west- (see below) (Würsig & Würsig, 1977; Wilson et al., 
ern portion (~30 km) located between Turiamo 1999; Rosel et al., 2011). Calves were considered 
Bay (10º 28' N, 67º 50' W, western terminus) and part of the unmarked population.
Puerto Colombia (10º 30' N, 67º 36' W, eastern 
terminus). The study area extended approxi- Data Processing
mately 3 km from the coastline of the western For photo-identification and the subsequent 
portion out to the open sea, representing an area capture-mark-recapture analysis, we only used 
of ~92 km2 (Figure 1). The coast was comprised high-quality photographs with clear identification 
of sandy beaches and rocky cliffs (Gowans et al., of individuals (good focus, sufficient closeness 
2007). Sea surface temperatures range from 25 to to detail the notches, and fin perpendicular to the 
27°C, whereas salinity generally varies from 34 to plane of the photo) that was based on one or more 
36 ppm (Novoa et al., 1998). The tidal regime is distinctive marks (Rosel et al., 2011; Cobarrubia-
±24 cm (in a mixed tidal pattern), and the primary Russo et al., 2019). Individuals without marks (all 
weather seasons are dry (November to April) and calves and some adults) or poorly marked were 
wet (May to October) (Novoa et al., 1998). excluded (Rosel et al., 2011; Cobarrubia-Russo 

et al., 2019). Multiple sightings of an individual 
Data Collection and Photo-Identification during a single field survey were combined and 
Where possible, we generally followed the rec- considered a single sighting. All identifications 
ommendations from Rosel et al. (2011) regard- by photograph were visually determined and also 
ing photo-identification capture-mark-recapture checked with Finscan, Version 1.6.1, by three inde-
techniques for estimating abundance of bottlenose pendent observers to minimize errors (Hillman 
dolphins. During the 2004-2008 study period, 100 et al., 1999, 2003; Cobarrubia-Russo et al., 2019). 
field surveys were conducted via small motorboat Each identified adult was assigned a unique alpha-
(Cobarrubia-Russo et al., 2019). Data from these numeric ID (i.e., A, B, C, . . .) indicating the group 
surveys were the most recent data available for our it was with when first sighted and the chronologi-
analysis (Cobarrubia-Russo et al., 2019). These cal order of new dolphins sighted within that group 
observational surveys were conducted under the (i.e., 1, 2, 3, . . .). The complete catalogue of photo-
Scientific Hunting Permit from the Ministry of graphs compiled from all surveys was used to con-
the Environment granted by the National Office struct individual encounter histories (date of survey 
of Biological Diversity, Venezuela. Each survey and detection/non-detection by individual).
started on the western end of the survey transect 
(Figure 1), lasted 3 to 4 h, and covered ~30 km Mark-Recapture Analysis
straight line, with a sea state from one to three We analyzed dolphin encounter histories using 
(Douglas Scale). Each survey was completed the ‘Huggins p and c’ Pollock’s CCRD models 
within one day. Observers were able to detect (Pollock, 1982; Kendall et al., 1997) in Program 
marine mammals out to ~1.5 km (visual domain MARK, Version 9.0 (www.phidot.org/software/
distance) while surveying common bottlenose mark/downloads). These models included pri-
dolphins from the superpopulation available in the mary periods between which the population was 
wider area (Kendall, 1999). A 9-m-long × 2-m- considered “open” and secondary periods within 
wide “peñero” (Venezuelan fishing motorboat) primary periods during which the population was 
vessel with a 45-hp outboard engine was used to considered “closed” (Kendall et al., 1997).
conduct the surveys at a speed of ~7 kts with three We used wet and dry seasons to form primary 
observers—one at the bow, one on port, and one periods (rather than the four seasons of a year) 
on starboard—all observing from a height of 2 m (Cagnazzi et al., 2011) to analyze the superpopu-
above sea level. lation (Kendall, 1999) of Venezuela’s coastal bot-

When a group of dolphins was sighted, the vessel tlenose dolphin population. Because survey effort 
cautiously approached at a slow speed (~0.5 kts) varied over years (Cobarrubia-Russo et al., 2019), 
and in a parallel direction to the group’s travel so in some years, we analyzed data for more than one 
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primary period within a single wet or dry season. ensured assumption 1 was met. Whether marked 
From the 100 surveys conducted during 2004 to or unmarked, all individuals in all encounters 
2008, we selected 39 surveys based on tempo- were counted and photographed on both sides of 
ral clustering that comprised secondary periods their dorsal fin whenever possible (Cobarrubia-
across 13 primary periods (see details below). Russo et al., 2019) to maximize equal probability 
We did not include dolphins sighted in only one of capture within a sampling session (assump-
secondary period in the mark-recapture analysis. tion 2). Dolphins exhibit non-random associa-
Although we did not use encounter history data tions (Wells et al., 1987; Rossbach & Herzing, 
from all 100 surveys, those surveys were still 1999; Louis et al., 2015) and, thus, captures are 
valuable for monitoring changes in fin “marks” unlikely to be independent among individuals 
over time (Cobarrubia-Russo et al., 2019). (assumption 3). However, this violation is not 

Assumptions for the CCRD models we evalu- likely to cause bias in the estimates, although the 
ated included (1) marks are unique, not lost, and standard errors of those estimates may be biased 
correctly identified; (2) all individuals have the low (Williams et al., 2002). Because the capture 
same probability of capture; (3) captures of indi- method (photography) is non-invasive, no trap 
viduals are independent between individuals; response is expected (assumption 4). To ensure 
(4) marked animals have the same recapture proba- equal probability of survival (assumption 5), only 
bility as unmarked animals (i.e., no trap response); adult animals were used in the capture-mark-
(5) individuals have the same probability of sur- recapture analysis. Furthermore, we excluded 
vival; (6) secondary sampling is instantaneous; animals that were not observed in more than one 
and (7) geographic and demographic closure secondary period as transients (Methion & Díaz 
within (but not between) primary periods (Wilson López, 2018) to avoid bias (Hines et al., 2003). 
et al., 1999; Methion & Díaz López, 2018). Our We completed secondary surveys within 1 d and 
photo-identification methods (described above) primary periods averaged 25 d (range 2 to 52 d) to 

Table 1. Results of 16 Closed Capture Robust Design (CCRD) movement models fitted to common bottlenose dolphin 
(Tursiops truncatus) encounter histories (n = 37 dolphins; n = 35 unique encounter histories) generated from 39 surveys 
along the coast of Venezuela during the 2004-2008 study period across 13 primary periods in Program MARK to estimate the 
population of marked adults, survival (S), emigration probabilities, and capture (P) and recapture (C) probabilities (Kendall 
et al., 1997). Survival and capture-recapture parameters were assessed as temporally constant (.) or allowed to vary with 
time (t). AICc = Akaike’s Information Criterion corrected for small sample sizes.

Model AICc Δ AICc AICc weights Model likelihood Parameters Deviance

Random, S(.), P = C(t) 1,032.32 0 0.9976 1 52 1,347.86

Markov, S(.), P = C(t) 1,044.54 12.22 0.00222 0.0022 63 1,325.03

No movement, S(.), P = C(t) 1,050.99 18.66 0.00009 0.0001 40 1,401.09

No emigration, S(.), P = C(t) 1,050.99 18.66 0.00009 0.0001 40 1,401.09

Random, S(t), P = C(t) 1,056.99 24.67 0 0 62 1,340.81

Markov, S(t), P = C(t) 1,069.15 36.82 0 0 72 1,318.19

No movement, S(t), P = C(t) 1,071.80 39.47 0 0 51 1,390.36

No emigration, S(t), P = C(t) 1,071.80 39.47 0 0 51 1,390.36

Random, S(.), P = C(t, .) 1,106.61 74.29 0 0 26 1,492.89

Markov, S(.), P = C(t, .) 1,114.16 81.83 0 0 37 1,472.36

No movement, S(.), P = C(t, .) 1,123.51 91.19 0 0 14 1,537.75

No emigration, S(.), P = C(t, .) 1,123.51 91.19 0 0 14 1,537.75

Random, S(t), P = C(t, .) 1,124.79 92.46 0 0 36 1,485.65

Markov, S(t), P = C(t, .) 1,129.31 96.99 0 0 45 1,465.44

No movement, S(t), P = C(t, .) 1,140.31 107.99 0 0 25 1,529.02

No emigration, S(t), P = C(t, .) 1,140.31 107.99 0 0 25 1,529.02
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comply with closure assumptions (assumptions 6 2004, 11 in 2005, 15 in 2006, 33 in 2007, and 20 
and 7). In photo-identification studies of long- in 2008. In total, we collected 3,360 photographs 
lived, adult, non-transient bottlenose dolphins, of which 660 were suitable for photo-identification 
closure is reasonably met during relatively short analysis and used to create a catalogue of 86 fully 
primary periods such as ours (Daura-Jorge et al., identified adult individuals. Of these, 42 (48.83%) 
2013; Balmer et al., 2019). individuals were sighted more than once.

We tested four CCRD movement models includ-
ing Markovian movement (time-dependent and Group Size and Abundance Estimation
different immigration and emigration probabili- Group sizes of bottlenose dolphins we encoun-
ties across primary periods), random movement tered averaged 13 and ranged from 1 to 28. The 
(equal immigration and emigration probabilities), number of calves per group averaged 3 and ranged 
no temporary emigration, and no movement. These from 0 to 9. The proportion of marked adults to 
models were evaluated with either constant or time- total adults within a primary period averaged 0.63 
varying survival and with recapture probabilities (ranged 0.41 to 0.95). The proportion of marked 
that were either time-varying by secondary periods adults to total group size within a secondary 
or constant within primary periods for a total of 16 survey averaged 0.47 (ranged 0.30 to 0.76).
models (Table 1). In models with time-varying sur- The top model included random movement, 
vival, constraints were applied to final emigration constant survival, and capture-recapture prob-
parameters, allowing all parameters to be estimated abilities that varied by secondary periods (Table 1). 
(Methion & Díaz López, 2018). The model with There were no other competing models (Table 1). 
the lowest value of Akaike’s Information Criterion Survival of marked adults was estimated at 0.99 
corrected for small sample sizes (AICc) was (95% CI = 0.97 to 1.00). The population estimates 
selected as the top model (Burnham & Anderson, for marked adults for the 13 primary periods aver-
2004). Models within two AICc of the top model aged 19 animals (SD = 7.8) and ranged from a low 
were assessed as potentially competing models of seven animals in the wet season during 2004 to a 
(Burnham & Anderson, 2004). We did not explore high of 34 during the wet season in 2008 (Table 2).
Pledger’s (2000) mixture models for heterogeneity Extended population estimates for all adults 
in capture probabilities because they can only be (marked and unmarked) averaged 31 animals 
modeled with no emigration (full-likelihood esti- (SD = 13.8; mean coefficient of variation [CV] = 
mators have not yet been developed for temporary 0.26), and estimates for all dolphins (marked and 
emigration models; Kendall et al., 1997). In similar unmarked adults plus calves) averaged 41 (SD = 
coastal dolphin studies, those models have suffered 17.2; mean CV = 0.28) (Table 2; Figure 2). Extended 
from overparameterization (Daura-Jorge et al., estimates for wet seasons only averaged 33 adults 
2013) and were not selected as competitive models (SD = 17.6) and 45 adults and calves (SD = 21.6) 
among a larger suite of models, including those (Table 2). Extended estimates for dry seasons only 
we tested (e.g., Methion & Díaz López, 2018). averaged 28 adults (SD = 8.5) and 37 adults and 
Furthermore, Pollock’s (1982) CCRD allows for calves (SD = 10.4) (Table 2). The estimated adults-
heterogeneity of capture probabilities because the only and total population trends appeared generally 
secondary sampling periods are temporally rela- stable except for an apparent peak in the first wet 
tively close together (Williams et al., 2002). season estimate in 2008 (Figure 2).

We followed methods from Wilson et al. (1999) 
to extend the population estimate of marked adults Discussion
to (1) the population of all adults (marked and 
unmarked) and (2) the population of all dolphins The use of photo-identification in capture-recapture 
(marked and unmarked adults plus calves) (Cagnazzi models has now become a standard and efficient 
et al., 2011). We generated log-normal confidence method for the estimation of dolphin stocks (NMFS, 
intervals (CIs) for the adjusted population estimates 2016; Litz et al., 2019). Our study reports historic 
(Burnham et al., 1987; Daura-Jorge et al., 2013). We capture-mark-recapture population estimates of the 
assessed potential population trends using regres- common bottlenose dolphin along the Aragua coast, 
sion analysis in Statistix, Version 10.0. Venezuela. Although our data were collected during 

the 2004-2008 study period, they, nevertheless, form 
Results the basis of the first estimates of abundance and sur-

vival for the common bottlenose dolphin population 
Photo-Identified and Resighted Individuals along the Aragua coast. While more recent demo-
Eighty-four sightings (one sighting could consist of graphic data are ideal, it is not always as feasible 
more than one dolphin) of common bottlenose dol- (financially and/or logistically) to carry out more 
phins were recorded during 56 of the 100 surveys frequent surveys. Still, only approximately two to 
from 2004 to 2008, consisting of five sightings in three dolphin generations have transpired since our 
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Table 2. Abundance estimates for the marked population (Nhat_Marked) of adult common bottlenose dolphins from the top 
model (Burnham & Anderson, 2004) generated by Program MARK and extended to all adults (marked and unmarked: Nhat_
All_Adults) and to the total population (all adults plus calves: Nhat_Total) surveyed along the coast of Venezuela from 2004 
to 2008. Confidence intervals (95% Lower CI [LCI] and Upper CI [UCI]) and coefficient of variation (CV) are also reported.

Year Season
Nhat_

Marked LCI UCI
Nhat_All_

Adults CV LCI UCI Nhat_Total CV LCI UCI

2004 Wet 6.67 6.06 13.16 16.30 0.31 8.92 29.76 22.22 0.33 11.76 41.98
2005 Wet 12.20 8.94 26.81 20.74 0.37 10.32 41.71 34.16 0.40 16.11 72.46
2005 Dry 18.77 13.23 38.09 35.98 0.35 18.33 70.61 51.62 0.37 25.46 104.65
2006 Wet 15.21 7.29 71.94 26.08 0.84 6.26 108.56 41.29 0.85 9.68 176.06
2006 Dry 29.26 22.54 48.71 30.66 0.21 20.39 46.09 40.41 0.23 25.65 63.65
2006 Dry 10.31 10.02 13.86 18.75 0.16 13.84 25.40 28.12 0.18 19.79 39.95
2007 Dry 19.88 18.36 27.89 39.17 0.15 28.99 52.93 42.68 0.16 31.34 58.11
2007 Dry 17.48 16.27 24.06 18.94 0.10 15.56 23.05 23.31 0.12 18.36 29.58
2007 Wet 23.93 22.42 30.77 45.86 0.12 36.03 58.38 54.84 0.13 42.50 70.75
2007 Wet 12.22 12.01 15.46 23.86 0.16 17.51 32.52 34.34 0.18 24.16 48.80
2008 Wet 34.03 24.18 59.57 66.36 0.29 38.09 115.60 88.48 0.30 49.78 157.26
2008 Wet 20.00 17.43 37.90 28.95 0.21 19.13 43.79 38.95 0.22 25.23 60.12
2008 Dry 25.20 23.40 35.20 27.14 0.10 22.20 33.18 32.96 0.12 25.99 41.78

Figure 2. Coastal bottlenose dolphin (Tursiops truncatus) abundance estimates and trend lines for adults only (marked and 
unmarked) and for all dolphins (all adults plus calves) along the coast of Venezuela during the 2004-2008 study period in 
wet (W) and dry (D) seasons

data were collected (Reynolds et al., 2000). Further, probability of an animal being available for cap-
because our results represent the first demographic ture during a current survey was independent of an 
estimates for this population, they are important in animal’s previous state and was the same for those 
the documentation of historic benchmark estimates animals previously in and out of the study area 
and for establishing the need for ongoing monitor- during the previous survey (i.e., the probability of 
ing for future comparisons (Labach et al., 2019). temporarily emigrating is the same as the probabil-
Moreover, such estimates are vital to establish ity of an animal staying away if it was absent the 
before major environmental impacts occur (Ronje previous session) (Kendall, 1999). The superpopu-
et al., 2020). lation estimates we report (based on the CCRD) 

Our top model included random movement are robust to these types of closure violations that 
between availability states indicating that the include random movement in and out of a study area 
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(Kendall, 1999). Our estimates indicate the 2004- which has no major human impact but is consid-
2008 coastal bottlenose dolphin total population was ered to have scarce food resources, reported more 
quite small, averaging less than 50 individuals. Our dolphins with abundances of 82 (95% CI = 73 to 
top model also included constant and high survival 103) between 1992 and 1993 and 86 (95% CI = 76 
of adult common bottlenose dolphins, similar to to 109) between 1994 and 1996 (Campbell et al., 
what other studies have found (e.g., Methion & 2002). However, as Laporta et al. (2016) main-
Díaz López, 2018). Relatively constant, high adult tained, abundance disparities could be related to 
survival is typically a feature of long-lived mam- factors such as threats, population dynamics, eco-
mals as even small perturbations can exact a large logical requirements, and the carrying capacity 
influence on population dynamics (Eisenberg, of the coast in addition to genetics, habitat differ-
1981; Harvey et al., 1989; Gaillard et al., 1998; ences, and interspecies relationships—that is, they 
Eberhardt, 2002). are complex systems with multiple factors at play 

Venezuela’s Aragua coast forms the northern that reach beyond human impacts alone. Although 
border of the Henry Pittier National Park, and its smaller than others, our historic abundance esti-
western end is occupied by only six small artisanal mate, nevertheless, similarly reflects that coastal 
fishing villages and a Navy base in the Bay of common bottlenose dolphin populations tend, in 
Turiamo (which has relatively low maritime traf- general, to be small (Bearzi et al., 1997; Defran & 
fic). Therefore, among human-induced stressors, Weller, 1999; Wilson et al., 1999; Read et al., 2003; 
such as coastal development, vessel traffic, bio- Fruet et al., 2011).
toxins and other pollutants, noise, and diseases, We suggest that there were at least two factors 
the main environmental stressor during our study that could have influenced our low abundance 
was likely artisanal boats. However, the average result: (1) insufficient prey base and (2) limited 
number of boats observed during one of our typi- preferred habitat. Oceanic upwelling along the 
cal 3 to 4 h field surveys (traversing ~30 km) was coast of Venezuela is generally considered weak 
only approximately 25, a relatively small number and restricted to areas adjacent to the coast due 
of boats for a coastal region. Therefore, we sus- to the absence of a continental shelf (Cervigón & 
pect that this stressor was minimal compared to Rodríguez, 1997). Furthermore, there are just five 
other locations with much greater fishery, recre- small rivers that serve to transport nutrients from 
ational, and other boat traffic. the coastal mountain rainforests in Henry Pittier 

Considering the relatively low overall human National Park down to the ocean (Cobarrubia-
impact to this population, our results revealed Russo, 2010; Bolaños-Jiménez et al., 2013). 
a lower population abundance than might be Although the coast of Aragua is an annual source 
expected (estimated average of 41 total dolphins), of important prey for bottlenose dolphins, includ-
all else being equal (e.g., Methion & Díaz López, ing more than 20 species of fishes and one cepha-
2018; Silva et al., 2020). For example, along an lopod (Cervigón, 1986; Cervigón & Rodríguez, 
Uruguayan coast that is relatively more human- 1997), it may have been that the relatively weak 
impacted than the Aragua coast of Venezuela, the coastal upwelling in combination with minimal 
Department of Rocha (Uruguay), nevertheless, river plume deposition resulted in an overall 
reported more individuals than our study popula- reduced nutrient supply insufficient to allow for a 
tion (estimates of 63 [95% CI = 54 to 74] and 61 larger prey base that could support more dolphins. 
[95% CI = 53 to 73] dolphins were obtained from The presence of a potential competitor (i.e., the 
closed and open population models, respectively; Atlantic spotted dolphin) may also have had an 
Laporta et al., 2016). Similarly, in San Antonio Bay effect on prey availability. However, at least some 
(Argentina), a population of 83 individuals (95% spatial niche separation was apparent as Atlantic 
CI = 45.8 to 151.8) was estimated (Vermeulen & spotted dolphins mainly fed near the 200 m iso-
Cammareri, 2009; Vermeulen & Bräger, 2015; baths (Cobarrubia-Russo et al., 2020), whereas 
Vermeulen et al., 2015, 2016). More recently, two common bottlenose dolphins fed closer to shore, 
studies conducted in the United States highlight preferring shallower waters (usually in isobaths 
differences in abundance. One study in West Bay, between 30 and 100 m) or at the beginning of 
Texas, considered to be a highly impacted area, esti- underwater valleys or crevices (Shane, 1990).
mated an abundance of 47.5 dolphins (95% CI = Given common bottlenose dolphin habitat pref-
44.36 to 50.63) (Litz et al., 2019); whereas Balmer erences, another factor that may have influenced 
et al. (2019) reported common bottlenose dolphin their low abundance in our study was the pro-
seasonal abundances in the bay, sound, and estuary nounced steepness of the continental shelf slope 
population of St Andrew Bay, Florida, from a low that resulted in the 100 m isobath being a rela-
of 199 individuals (95% CI = 173 to 246) during tively short distance from the coast. Therefore, the 
April 2016 to a high of 315 (95% CI = 274 to 378) available preferred habitat of common bottlenose 
in October 2016. Even the Turneffe Atoll (Belize), dolphins in our study was generally reduced to an 
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area of coastal and neritic habitats along a rela- Coastal bottlenose dolphins face numerous 
tively narrow west-east corridor (Figure 1). We threats such as ship strikes, conflict with recre-
hypothesize that this transit area had a relatively ational and industrial fisheries, other negative 
low carrying capacity in view of its size and prob- human interactions, biotoxins, chemicals, noise, 
able nutrient supply (Cobarrubia-Russo, 2010; freshwater discharge, oil spills, and coastal devel-
Cobarrubia-Russo et al., 2020). opment (Balmer et al., 2015; B. Balmer et al., 

We do not suspect overfishing was a cause 2018; J. Balmer et al., 2018; Litz et al., 2019; 
for the relatively small common bottlenose dol- Ronje et al., 2020; Silva et al., 2020). Furthermore, 
phin population. Trawling has been banned in because many coastal bottlenose populations are 
Venezuela since 2007 for conservation reasons, small (Daura-Jorge et al., 2013), they are at greater 
and the fishing activity in the study area was risk due to reduced resiliency and recovery poten-
exclusively artisanal. Thus, during our study, tial when exposed to the threats noted above, and 
there was no known overfishing along Aragua’s to expected environmental and demographic sto-
coast that might have caused a reduction in dol- chasticity (Gilpin & Soulé, 1986). Alarmingly, one 
phin presence, which is in contrast to the situation study concluded populations of less than 50 ani-
in the Ionian and Adriatic Seas that experienced a mals (such as our study population) were likely to 
decrease in the encounter rates of Delphinus sp. become extinct within the next 50 years (Berger, 
and common bottlenose dolphins related to 1990). Our baseline historic population estimates 
overfishing (Bearzi et al., 2004, 2005, 2006). of Aragua’s common bottlenose dolphins reveal 
Furthermore, in our experience, the fisherman– the need for ongoing monitoring of and conser-
dolphin relationship in Aragua is quite positive. vation efforts for this small coastal population. 

Evaluation of trends in our population esti- Spatially expanded annual surveys of at least three 
mates were hampered by the relative impreci- secondary surveys in each wet and dry season are 
sion of the estimates. Other coastal transect sur- likely to improve the ability to manage and con-
veys for common bottlenose dolphins have had serve this population and to better assess the influ-
similar issues with relatively wide CIs around ence of emerging threats on Venezuela’s relatively 
CCRD estimates (Balmer et al., 2019). Overall, small coastal bottlenose dolphin population. Our 
we conclude the population appeared generally results and the year-round presence of dolphins 
stable during the 2004-2008 study period, with highlight the Venezuelan coastal–oceanic land-
a possible uptick during the wet season of 2008. scape as an area important in terms of both con-
The 2008 wet season peak (observed in the first servation and future research (e.g., life histories, 
estimate of that wet season) could have been social organization, sympatry, global change, etc.).
an artifact of increased survey effort or it could 
have been due to one group of dolphins (group C) Acknowledgments
that joined the study area near the end of 2007. 
That group included mothers and calves, and the This research was part of a long-term study sup-
daily encounter rate increased after 2007 by 10 ported by the Cetacean Society International and 
to 15% relative to other years (Cobarrubia-Russo Simón Bolivar University. We especially thank 
et al., 2019). It is possible that the addition of fisherman Nelson Barrios. We also thank numerous 
these breeding females attracted more reproduc- field crew volunteers who assisted with data col-
tive males that then arrived in the wet season of lection. Special thanks to Dr. James “Jim” Nichols 
2008 (November to February), resulting in the with the U.S. Geological Survey Patuxent Wildlife 
peak in our trend (Cobarrubia-Russo et al., 2019). Research Center for helpful analysis discussions 
Following the ostensible peak that we observed in and advice. We are grateful to Tanya Roerick (Leech 
the first wet season estimate of 2008, the second Lake Band of Ojibwe, MN, USA) and two anony-
2008 wet season estimate returned to levels simi- mous reviewers for their suggestions on an earlier 
lar to previous years (Figure 2). We suggest this draft. Any mention of trade, firm, or product names 
coastal dolphin population consists of a commu- is for descriptive purposes only and does not imply 
nity of neighbors (several groups) that visits the endorsement by the U.S. Government.
transect area (Shane et al., 1986; Félix, 1997; 
Rossbach & Herzing, 1999; Wells & Scott, 2002), Data Availability: Data analyzed for this study are 
comprising the wider superpopulation (Bradford included within this published article and in the 
et al., 2018) in the relatively open habitat (Defran Supplementary Data A and B files. (The supplemen-
& Weller, 1999). To increase the precision of esti- tary data files are available in the “Supplemental 
mates of the superpopulation (Kendall, 1999), Material” section of the Aquatic Mammals website: 
future work could benefit from conducting sur- https://www.aquaticmammalsjournal.org/index.
veys that include our primary survey transect but php?option=com_content&view=article&id=10&I
also survey the wider area. temid=147.)
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