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Introduction
Martinique Island, located in the Lesser Antilles, is surrounded 

to the east by the Atlantic Ocean and to the west by the Caribbean 
Sea. It is located in the middle of Agoa sanctuary, an MPA established 
in October 2010 by the French Government, that includes all 
Exclusive Economic Zones (EEZs) of French Antilles (143 256 km² 
[1]. This sanctuary, currently managed by the “Agence des aires 
marines protégées”, implements measures for the protection of 
cetaceans. Over the last few years, coastal regions of Martinique 
were exposed to demographic growth and tourism [2,3]. Whale-
watching is booming on the Caribbean coast of Martinique [4]. 
Tourism can bring some advantages such as revenue for local 
communities or an improvement of people’s attitude toward the 
environment [5]. However, anthropogenic activities can impact 
marine mammals through environmental pollution, prey depletion 
or physical disturbances, especially in coastal areas [6].

In Martinique, whale-watching has been rapidly increasing over 
the past decade due to a stronger demand. Almost twenty species of  

 
marine mammals have been recorded in the Caribbean Sea [1]. For 
example, humpbacks whales (Megaptera novaeangliae), Bryde’s 
whales (Balaenoptera bryde), toothed whales such as sperm whales 
(Physeter macrocephalus) and various species of dolphins (Stenella 
attenuata, Lagenodelphis hosei, Tursiops truncatus) are observed. 
Many of them, like the pantropical spotted dolphin (Lange et al., in 
prep) or the sperm whale [7], are increasingly studied.

Amongst all cetaceans of the Caribbean French Antilles, the 
short-finned pilot whale (Globicephala macrorhynchus, Gray 1846) 
is one of the less studied. This specie is found in all oceans and 
primarily distributed in warm waters [8-11], such as the Caribbean 
coast of Martinique. It is a highly gregarious species, travelling 
in socially cohesive groups from 10 to 50 individuals, but also 
encountered in large herds of several hundred [12,13]. Based on 
several studies, Globicephala sp. appear to live in relatively stable 
pods and not in fluid groups [10,14]. Pods generally contain 
individuals with close matrilineal associations [15,16]. Despite 
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Abstract 
The Caribbean coast of Martinique has a great wealth of marine mammals, with almost twenty species observed, including the 

short-finned pilot whale Globicephala macrorhynchus. Little is known about this specie in Martinique. Boat surveys between “le 
rocher du Diamant” and “l’îlet la Perle” allow gathering data and pictures. Statistical analysis, SIG and photo identification provide 
first information on the pilot-whale population. Results indicate there is a rather small but healthy population of G. macrorhynchus 
in Martinique. It is composed of both resident and migrant groups and no seasonality was observed. Correlation between the 
percentage of teenagers and the number of boats might imply an effect of whale-watching on individuals. 
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this, information on G. macrorhynchus is scarce in literature and its 
population trend is not well known [17]. 

Even if its northern Japan population is considered at risk, there 
is not enough data to evaluate its status elsewhere [11]. Due to this 
lack of data, the IUCN Red List of Threatened Species categorized 
the conservation status of this species as “data deficient” (IUCN). 
Moreover, this specie was principally studied in Japan [6,18,19], in 
the archipelago of Madeira [17,20], in the east coast of United States 
[21,22], in Canary Islands [9,23,24] and in Faroe Islands [12,13] but 
has never been studied in Martinique nor in the Caribbean. 

Agoa sanctuary is committed to the sustainable management 
of cetacean populations of this area [1], because they play an 
important role in marine ecosystem as top predators and affect the 
entire food-chain through trophic linkages [19]. Detailed knowledge 
on marine mammals’ population, especially their movements, 
their survival rate or the pressures they are subjected to [6,25], 
are crucial to effectively manage and preserve the entire marine 
ecosystem. Since G. macrorhynchus is more observed and often 
exposed, as demonstrated by Bordes [26], this study focuses on this 
specie for the first time in Martinique. Our aim is to characterize its 
population to enhance our knowledge about it.

Materials and methods

Boat survey methods

Figure 1: Map of the study area (modified form Google map). 

From May 2013 to May 2015, boat surveys were conducted 
along the Caribbean coast of Martinique. The study area extended 
from “l’îlet la Perle” in the North (14°47’52 N; 61°13’61W) to “le 
rocher du Diamant” in the South (14°28’45N; 61°1’47W; Figure 1). 
The area was covered 10 nm off the coast and was about 1 296 km².

Two different boats were used for this study: a 10 meters 
monocap, with a Volvo 340 hp engine, equipped for 18 people on 
board, and a sailing catamaran, Lagoon 421, equipped for 20 people 
on board. Surveys were conducted several times each month (2 to 
35 surveys per month; i.e. 378 surveys in total), from 8 am to 12 am 
with 2.5 hours of observation time.

 For each observation of G. macrorhynchus, the following 
parameters were recorded: environmental conditions (sea state, 
wind speed, visibility, marine litter, and birds presence), group 
characteristics (GPS position, number of individuals, formation, 
calves presence, direction and speed of movement), ethological 
parameters (such as activity describe as resting, hunting, 
socialization or travelling) and interactions.

In parallel, pictures of dorsal fins were taken to identify 
individuals. Pictures were taken with different type of SLR camera.

Data analysis
GPS positions, data on the average number of individuals and 

their behaviors were analyzed using QGIS Wien 2.8 (Quantum GIS 
Development Team 2014, Quantum GIS Geographic Information 
System, Open Source Geospatial Foundation Project). This allowed 
visualizing the G. macrorhynchus distribution and their potential 
activity patterns in the study area.

Photo-identification relied on the presence of visible permanent 
markings used to recognize individual characters [27,28]. Indeed, 
in delphinids, the edge of the dorsal fin is often damaged (by 
predation or socialization) resulting in a unique profile [9,28].

Pictures made during surveys were organized by date, species, 
picture number and selected according to their quality. Usable 
pictures were processed on Xnview editing software (Xnsoft, free 
software) to isolate the dorsal fins. Each dorsal fin was sorted in 4 
categories: Q1, Q2, Q3 and Q4, representing the ease of identification 
of the dorsal and their reliability for identification Table 1, Q1 being 
the easiest to identify and Q4 the most difficult. Based on these 
rankings, a list of dorsal fins characteristics was performed. Dorsal 
characteristics of different dates were visually compared with each 
other to confirm initial sightings of individuals or re-sightings of 
known short-finned pilot whales.

Table 1: Ranking of dorsal fins, according to their ease of identification,

Ranking Q1 Q2 Q3 Q4

Dorsal fins

Q1 = very easy (quickly detectable),Q2 = easy, Q3 = difficult and Q4 = presence of tasks (need a photo analysis).
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Statistical Analysis
Presence index was calculated according to Diaz-Lopez [29], 

to obtain the number of observed individuals corresponding to the 
research effort. It was calculated as: 

Presence index = research effort / number of observed 
individual

where the presence index represents the number of observed 
individuals per hour and the research effort is the time (in hour) 
dedicated to research.

Normality was verified by Kolmogorov-Smirnov test. 
Parametric (one-way ANOVA and Student t-test) or non-parametric 
tests (Kruskall-Wallis test and Mann-Whitney test) were then 
used depending if the distribution was accepted or not. When 
homogeneity of variance was present, a posteriori Tukey tests was 
used to compare means (α = 0.05). If there was no homogeneity, 
a Fisher LSD test was used. Effects of season (spring, summer, 
autumn and winter) and tropical season (dry and wet) on the 
presence index of G macrorhynchus observed during the 2 years 
study were tested. 

The population was categorized into three classes of 
individuals, regardless of sexual dimorphism: calf (individual about 
2m), teenager (individual with an intermediate size, between 2 and 
6m) and adult (individual about 6m). Effects of season and activity 
on the different classes of individuals were tested too. Spearman 
correlations between percentage of adults, teenagers, calves and 
the number of boats were tested. 

Finally, frequency tables were realized between behavior and 
different parameters (swimming direction, swimming speed, group 
formation, presence of bird and number of boats). Pearson Chi-
square was used to assess if a relation was present between these 
variables. All statistical analyses were performed using Statistica 
10.0 software (Statsoft, v.6.1, Tulsa, OK, USA).

Results
A total of 378 boat-based surveys were conducted during the 

study. 30 observations of G.  macrorhynchus were realized during 
this time. 

Distribution

Figure 2: Map of the study area (modified form Google map). 

Individuals were observed from 500 to 2  000 meters depth 
Figure 2. Resting activity was concentrated at the mouth of Fort de 
France. Finally, whatever the area, there were different group sizes, 
ranging from 10 to 35 individuals. Presence of G. macrorhynchus 
was noticed throughout the year, and not influenced by season (p = 
0.44) nor tropical season (p = 0.47).

Size and composition of the population

Population size can be glimpsed with the calculation of a 
presence index. Thus, 30 observations of G. macrorhynchus were 
obtained after 945 hours of research effort. Presence index is 0.032, 
a 3% chance, per hour, of observing a group of G. macrorhynchus, in 
the area. Each age class was observed very often. In 95% of cases, 
the observed group included calves (i.e. animal with 1/3 size long 
of adult). Percentages of different classes were not influenced by 
season (padult = 0.41, pteenager = 0.82, pcalves = 0.81)

Figure 3: Histograms and correlation lines between the 
percentage of calves, adolescents and adults. . 

There is a correlation between the percentage of calves and 
adults (R = -0.78; p < 0.001) and between the percentage of calves 
and teenagers (R = -0.54; p  =  0.02). However, the percentage of 
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teenagers is not correlated with the percentage of adults (R = -0.14; 
p = 0.55; Figure 3). There is a correlation between the number of 
boats and the percentage of teenagers (R = -0.46; p = 0.04), but not 
with adults and calves.

Activities and movement

The predominant observed behavior was traveling, with an 
occurrence of 65%. Resting and hunting are sparsely observed 
behaviors, both representing 4% of occurrence Table 2. A 
correlation was observed between the behavior and the swimming 
direction of the group (p  =  0.018; Figure  4). Thus, travelling 
generally performed towards south.
Table 2: Percentage of different behaviors observed.

Behaviors Percentage of observations

Socialization 24

Resting 4

Hunting 4

Travelling 65

Figure 4: Relation between behavior and direction. 

 Other activities did not show any tendency or direction, even 
if the resting activity was observed several times in the south. 
Behavior was not related to other recorded parameters (swimming 
speed, group formation, presence of bird and number of boats).

Photo-identification
Table 3: Summary of the photograph effort and the number of identified individuals.

Species Total numbers of pictures Number of usable pictures Number of identified individuals Number of match

Globicephala 
macrorhynchus 1902 1134 71 in total: 7 Q1, 19 Q2, 39 Q3 and 

6 Q4
28 in total: 2 Q1, 9 Q2, 17 

Q3 and 0 Q4

Table 4: List of individuals observed several times during the study.

  GM02 GM05 GM06 GM07 GM08 GM09

Individus

Dates 14-04-19 14-05-18 14-12-13 15-02-13 15-02-13 15-03-12

  15-02-15 15-03-12 14-04-19 15-03-13 15-04-07 15-03-13

          15-04-08  

          14-10-28  

          14-04-19  

  GM10 GM12 GM14 GM15 GM18 GM21

Individus

Dates 15-03-12 15-03-22 15-03-22 15-04-07 15-04-08 15-04-02

  15-04-02 15-04-02 15-02-13 15-04-08 15-04-16 15-05-02

  15-02-13          

  GM23 GM24 GM26 GM29 GM33 GM36

Individus

Dates 15-04-02 15-04-02 15-03-13 15-03-13 14-10-28 14-10-28

  15-02-15 15-03-13 15-02-15 15-02-15 15-02-15 14-12-23

  GM37 GM38 GM42 GM43 GM44 GM45

Individus
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Dates 14-10-28 14-10-28 14-10-28 14-10-28 14-10-28 14-10-28

  15-02-15 14-04-19 15-02-15 15-02-15 14-12-23 15-05-02

Within the 1 902 pictures taken during the survey, 1 134 were 
used. On these pictures, 71 individuals were identified, most them 
classified as Q3 Table 3. Among all identified individuals, 24 were 
seen several times Table 4. Most of them were observed over the 
two years of observation. Moreover, individuals GM33, GM37, GM42 
and GM43, and individuals GM36 and GM44, were seen together 
several times (at least twice). 

Discussion
Along the Caribbean coast of Martinique, G. macrorhynchus 

population was essentially observed between isobaths of 500 and 
2  000 meters. This is in agreement with others studies around 
the world, describing that this specie is found in deep warm 
waters above the continental shelf [22,30,31]. This life off the 
coast can be explained by their feeding mode [30]. This species 
is known to feed mainly on cephalopods and occasionally on fish 
[9,32,33]. These preys are widely below 300 m deep, and some of 
them (Brachioteuthis riisei for example) can be caught up to 800 
m [21]. For hunting, pilot whales swim on the water strip located 
above the 300 and 1000 m depth contour [30,32]. In our study, 
4% of observations were hunting behavior, strict resting and 
socialization. In contrary, movement behaviors represent 65% of 
the observations. In fact, we mostly observed a slow movement 
behavior in surface water during our surveys. This observation 
supports the fact that the hunting activity is exclusively nocturnal 
[32]. In parallel, resting takes place at the mouth of the bay of Fort-
de-France. This quiet area could be considered as favorable for 
resting [34].

 In our study, groups of G. macrorhynchus were composed of 10 
to 35 individuals, sometimes with peaks of 100 to 200 individuals. 
This supports the observation of Stacey and Baird [11] and 
Bloch [13] indicating that pilot whales groups consist of 10 to 50 
individuals. The presence index of G. macrorhynchus in our study 
was 0.032 (number of encounter/traveled distance) and for 100 
nm, the presence index is 0.16. Those values are lower than those 
calculated for the long-finned pilot whale (Globicephala melas) 
in the Faroe Islands, north Atlantic [35,36], which is 0.41 to 0.70 
per 100 nm. G. macrorhynchus population observed in Martinique 
would rather be a small population.

Photo-id indicates that our population would be composed of 
resident group with the passage of migrating groups or different 
traveling groups usually passing on the Caribbean coast of 
Martinique. G. macrorhynchus is known as very gregarious, with 
a high degree of site fidelity and very stable groups [12,13,20,27]. 
Heimlich-Boran [9] defines members of a group of animals seen 
only once as migrants; and animals seen more than once, or in 
association, as residents. Both types were observed in our study. 
71 individuals were identified, among them 24 were seen several 
times. Some individuals are observed over the two years in different 
seasons, with several underlying relationships. 

Indeed, six adult individuals were identified several times 
together, which underlines links within the observed groups. It 
is probable, as in Alves [20] and Servidio [24] studies, that pilot 
whales encountered in the Caribbean coast of Martinique, belong 
to a single population encompassing several clans, with a clan of 
island whales and other clans of transients whales. The different 
clans may interact for mating and/or feeding purposes [20]. 
Managing both resident and migrant populations in the same 
region is difficult, due to the spatial overlap of resident and migrant 
and the resulting difficulty of estimating stock abundance [37]. For 
an efficient conservation management, a long-term monitoring is 
needed to know the number of animals using the area annually [17].

The distribution of G. macrorhynchus in Martinique was studied 
over a two-year period and showed no seasonality. This supports 
the observations of Alves et al. [17] in Madeira and of Heimlich-
Boran [9] in Tenerife. On the other hand, the Japan population 
has been shown to vary seasonally [18]. This seasonality may be 
due to a seasonal variation in male reproductive activity [18] or 
may depend on various factors such as prey distribution [12], 
underwater topography [38], water depth [39] and the ocean 
temperature [40,41].

The difficulty to analyze free ranging animals in an open pelagic 
environment [17] and the large variation in our data, maybe due to 
the difference in study effort, can mask a seasonally trend and the 
decreasing presence of G. macrorhynchus in winter or wet season 
area. 

During our study, the observed population was 95% of the time 
composed of calves, meaning the population is in very good health. 
The percentage of calf is linked to the percentage of adults and the 
percentage of teenagers. The link between adults and calves can be 
explained by the matrilineal social structure suggested by several 
authors for short-finned pilot whales [9,18,42]. However, we 
noticed that the percentage of calves decreased as the percentage 
of adults increase, or conversely. This is difficult to explain but 
two hypotheses can be proposed. Either there are more calves 
for the same number of adults, indicating variation in birth, like 
seasonality for reproduction [9,18]; or there are fewer adults for 
the same number of calves.

Our results also indicate that the percentage of teenagers is 
linked to the number of boats, this percentage decreasing as the 
number of boats increased. This could imply that teenagers were 
disturbed by a high number of boats and a negative impact of 
whale-watching on G. macrorhynchus. Little is known on the short- 
and long-term impacts of this kind of tourism on marine mammals 
[5]. However, a long-term monitoring is needed to evaluate the 
potential pressure on the animals [17], especially with the strong 
increase of whale-watching in Martinique.

To our knowledge, this is the first study on G. macrorhynchus in 
the Caribbean. As no information was available, we presented here 
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first conclusion based on two years of surveys. More studies should 
be conducted to better understand the dynamic of this population. 
In parallel with the photo-identification of individuals, a catalog has 
been created. Comparison with other catalogs of Caribbean Islands 
could allow us to visualize the possible migration routes and learn 
even more on the travel of migrant groups.
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