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Abstract: Many protected areas in the world are facing growing tourism pressure and 
some uncertainties on the impacts of associated disturbances. In French Guyana, the 
Kaw-Roura Nature Reserve combines rivers, wet savannas and mangroves. The Kaw 
River hosts some emblematic species, including one of the last viable populations of 
Black Caiman (Melanosuchus niger). We assessed the impacts of motorized tourism 
trips by boat on the river and recreational capture on the Common Caiman (Caiman 
crocodilus), as part of an environmental impact assessment of tourism ordered by the 
manager of the nature reserve. Disturbance of caimans by motorised boats was assessed 
by comparing the diving distance of caimans approached by boat, in straight line by 
night, either with engine switched on or paddling with engine switched off. The diving 
distance is 2.4 times higher when the engine is on than when paddling. Thus, using 
engines generates a higher disturbance than paddling. In addition, recreational capture 
of caimans for tourist exhibition is a common practice inside the reserve. Such a 
practice is known to induce a physiological stress, which may be associated with 
lowered survivorship. Growing visitation and motorised tourist activities, with frequent 
recreational captures, may have a significant impact on caimans, either by lowering 
their survival or reproduction due to repeated stress events, or by inducing emigration 
out off the area. We thus recommend (i) to stop engines while approaching caimans, (ii) 
to implement an ecotourism charter to persuade tourism operators to ban recreational 
capture, and (iii) to develop the use of electric boats.  

Keywords: Caiman, tourism, frequentation, French Guyana, stress, capture, impact, 
protected areas 

 
Résumé: Beaucoup d’aires protégées dans le monde sont confrontées à une 
fréquentation touristique croissante et à une incertitude sur les impacts de cette 
fréquentation. La Réserve naturelle des marais de Kaw-Roura, en Guyane française, 
associe rivières, savanes inondables et mangroves. La rivière de Kaw abrite des espèces 
emblématiques, et notamment une des dernières populations viables de Caïman noir 
(Melanosuchus niger). Nous avons évalué les impacts de la circulation des 
embarcations motorisées et de la capture recréative (avec relâché) sur le caïman à 
lunettes (Caiman crocodilus), dans le cadre d’une étude d’impact des activités 
touristiques commanditée par le gestionnaire de la réserve (Association ARATAÏ). La 
perturbation induite par les embarcations motorisée sur les caïmans a été quantifiée en 
comparant la distance de plongée de nuit, entre deux modes d’approche en ligne droite: 
embarcation avec moteur allumé ou moteur éteint. Il résulte que la distance de plongée 
est 2,4 fois plus élevée lors d’une approche moteur allumé que moteur éteint. 
L’utilisation d’embarcations à moteur génère donc un dérangement plus important que 
l’approche à la rame. Par ailleurs, la capture récréative des caïmans pour les montrer 



aux visiteurs est une pratique courante dans la réserve. Or un telle pratique est connue 
pour induire un stress physiologique important, se traduisant éventuellement pas une 
baisse de survie. Une fréquentation touristique motorisée importante et les captures 
récréatives répétées pourrait donc avoir un impact négatif sur les populations de 
caïmans, soit en diminuant leur survie ou leur reproduction du fait des stress répétés, 
soit en les faisant fuir hors de la zone fréquentée. Nous recommandons donc (i) 
d’approcher les caïmans en éteignant le moteur pour minimiser la perturbation, (ii) de 
mettre en place une charte d’écotourisme encourageant les prestataires touristiques à 
arrêter la capture récréative des caïmans, et (iii) de développer l’usage d’embarcations 
électriques. 
 
Mots clés : Caïman, tourisme, fréquentation, Guyane française, stress, capture, impact, 
aires protégées 
 
 
1. Introduction 
 
Many protected areas in the world are facing growing tourism pressure. Quantification 
of the impacts of visitation is difficult. One of the main reasons for that difficulty is the 
absence of data that allow a comparison of visited and unvisited areas. Another reason 
is the difficulty to distinguish whether the impact is purely created by tourism or by 
other human activities such as hunting, external pollution, etc. However, measurement 
of the impact of tourist activities can be very useful to managers in order to justify any 
policy on visitor flow regulation.  
The Kaw-Roura Marshes Natural Reserve (KRMNR) in French Guiana is a Ramsar site 
(wetlands playing an international role for some targeted species conservation), 
including rivers, flooded savannas, and mangroves. The Kaw River shelters emblematic 
species like the Black Caiman (Melanosuchus niger). Creation of the reserve in 1998 
was followed by a spectacular recovery of caiman populations. The cessation of hunting 
is the principal factor explaining this trend. 
However, the river is easily navigable, and for the last 10 years, tourism has strongly 
developed there. As uncontrolled eco-tourism activities may have a negative impact on 
local animal populations (e.g. De Groot, 1983. Klein et al., 1995; Bookbinder et al., 
1998), the NGO ARATAI, which runs the KRMNR, together with the Regional 
Environment Management Administration, has asked for an assessment of the effects of 
lodging visitors within the KRMNR, as well as the effect of using different observation 
methods on fauna (birds and caimans). Also, we have evaluated the effect of different 
motorized boat types used for tourism, and the impact of capturing caimans for tourists 
entertainment. As black caimans are vulnerable animals (the conservation of this 
particular species is one of the main goals of the KRMNR) and their population density 
is low, we chose to carry out the experiments on the Spectacled Caiman (Caiman 
crocodilus). This species is common in the reserve and sympatric with the Black 
Caiman. 
 
2. Caimans of the Kaw-Roura Marshes Natural Reserve (KRMNR) 
 
Of the 103 reptile species recorded within the KRMNR boundaries, four species of 
caimans are represented: Spectacled Caiman (C. crocodilus), Black Caiman (M. niger), 
Dwarf Caiman (Paleosuchus palpebrosus) and Smooth-fronted Caiman (P. trigonatus). 



During last century black caimans were extensively hunted for their meat and valuable 
hides. The species is now classified as “Lower Risk” in the IUCN-World Conservation 
Union’s Red List of Threatened Species (IUCN, 2006). Formerly present throughout the 
Amazon basin, populations now only remain in Brazil, Ecuador, Peru, Guyana, Bolivia, 
Suriname, Colombia and French Guiana (Thorbjarnarson 1998; Republic of Brazil, 
2006). The black caimans of the Kaw marshes are supposed to be one of the last viable 
populations for this species (see Document N°1), in addition to Brazilian (Rebêlo & 
Lugli, 2001; Da Silveira, 2002; Republic of Brazil, 2006; Von Mühlen et al., 2006), 
Ecuadorian (Asanza, 1999) and Bolivian populations (Cisneros et al., 2006). Contrary 
to the three other caiman species, which are legally hunted French Guiana but are not 
marketable, the Black Caiman has been officially completely protected since 1986 by a 
Ministerial Decree. In the natural reserve, hunting of these four species is totally 
prohibited. Populations of these species have been monitored for several years in the 
reserve (see Document N°1). 
 
Document 1: Principal results of the study of the populations of caimans of the 
Kaw-Roura Natural Reserve (Thoisy & White, 2000; Thoisy, 2001) 
- Black caimans are definitely less represented in the accessible zones of the Reserve 

and in particular because of the few adults (size more than 2 m) and newborn 
hatchlings. This suggests a strongly disturbed population. Reasons for this 
imbalance could be the pressure of former hunting, increasing tourist visitation, and 
poaching. 

- On the Kaw River, observed densities strongly fluctuate throughout the year. The 
lower the water levels, the more black caimans can be observed in savannah. During 
the high water season, the most important densities are observed where forests 
surround the river. The capture-mark-recapture study, which begun in 2002, will 
allow determining if individuals recorded on the river are resident or if they are 
migrant individuals coming from ponds of the core of the marsh. So far, only two 
zones of nesting were identified: within the marsh, and in the Approuague. 

- The Spectacled Caiman is more abundant in savannahs bordering the Kaw River. Its 
distribution seems to be related to water levels. 

- Evolution of the population size of the Red Caiman (Caiman yacare) is difficult to 
forecast, and determinants of fluctuations remain to be identified. 

- The follow-up by capture-mark-recapture is supplemented by a genetic study which, 
by quantifying genetic variability among individuals, will allow identifying major 
reproductive subunits and estimating effective population size. First results indicate 
that individuals from the central marsh and those of the Kaw River come from the 
same population, and are genetically differentiated from individuals of the 
Approuague. 

 
 
2. Materials and Methods 
 
2.1. Selected indicator of sensitivity 
The distance to which an animal can be approached before it escapes is an indicator of 
response to disturbance caused by man, often referred to as approach distance, and is 
widely used for many vertebrates, particularly birds (e.g. Klein et al., 1995; Carney & 
Sideman, 1999; Triplet et al., 2003), and also crocodiles (e.g. Webb & Messel, 1979; 
Ron et al. 1998; also see ‘proportion of eyes only’, e.g. Webb & Messel, 1979, Rebêlo 
& Lugli, 2001). For caimans, the distance to which an individual could be approached 



before it dived was used as indicator of effective disturbance due to approach by boat. 
Our goal was to measure the disturbance induced by motorized boats used for observing 
caimans. Induced disturbance was compared between two modes of approach: (1) 
engine on, (2) engine off (approach with paddles). In both cases, the speed of approach 
was slow (c. 5-7 km.h-1), corresponding to local policies.  
 
2.2. Measurement conditions 
Distance measurements were taken at night (18:00-20:00 h; nights without moon) using 
an infrared rangefinder. Approach distances were measured in two sectors of the nature 
reserve: upstream (until Maripa) and downstream of the village of Kaw (to the Roy 
channel for the downstream). The search was divided into two periods: one hour of 
approach with the engine on, and one hour of approach with the engine off. The mode 
of approach used first or second was alternated from one evening to another. The boat 
used for approaches was a 5 m long boat from the reserve, equipped with a 5 HP engine. 
 
2.3. Data analysis 
Differences in approach distance between modes of approach were tested by analysis of 
variance (ANOVA). Distances were Ln-transformed (i.e. Ln(distance+1)), so that the 
variable followed a Normal distribution, a necessary condition for ANOVA to be 
reliable. The addition of a constant (i.e. 1) was required because some diving distances 
in the dataset equalled ‘0’. The effect of mode of approach was tested in presence of the 
effect of study zone in the ANOVA model. Potential difference in the effect of mode of 
approach among study zones was tested by including an interaction term in the model, 
i.e. interaction approach mode x study zone. 
 
3. Results  
 
Only spectacled caimans were recorded during experiments. Surveys provided 82 
measurements of approach distance: 51 with engine turned on (22 upstream, 29 
downstream), 31 with engine turned off (8 upstream, 23 downstream). Two 
observations of creches were not taken into account. 
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Figure 1: Approach distances (mean ± standard error from raw data) of spectacled 
caimans according to approach mode: engine on and paddling with engine off. 



 
 
Approach distance significantly differed among modes of approach (dependent variable 
was Ln(distance+1) in all tests; F1,77 = 5,33, P = 0,024; Fig. 1), with a longer approach 
distance with engine on (mean ± standard error from raw data; 21.6 ± 3.8 m) than when 
paddling with engine off (9.0 ± 2.8 m). 
 
Impact of mode of approach did not differ between study zones (F1,76 = 1.22, P = 
0.272), although average approach distances differed between study zones (F1,77 = 
14.67, P = 0.0003): 28.7 ± 4.7 m upstream, and 10.2 ± 2.8 m downstream. 
 
4. Discussion  
 
4.1 Impact of the mode of approach   
Should the approach be with or without engine, the distance before escape/diving by 
caimans significantly differed from 0 (null), i.e. whatever the mode of approach, 
approach of caimans induces disturbance (see also Webb & Messel, 1979). This 
disturbance could be minimized while remaining at a distance greater or equal to 15 m 
from caimans (upper limit of 95% confidence interval, 0.05 α-level, with engine off).   
Induced disturbance differed among modes of approach. Escape distance for motorized 
boats was 2,4 times longer than when paddling with engine off. Entertaining 
observation with motorized boats thus stresses caimans more than with non-motorized 
boats. Frequent tourist visitation with motorized boats may thus have detrimental 
impacts on physiological conditions and demography, and in the long-term on caimans 
population size inside the reserve (but see Rebêlo & Lugli, 2001, where caimans 
wariness did not vary between human-disturbed and not disturbed areas). A study on the 
physiological response to stress generated by the approach may allow evaluating 
precisely to what extent caimans are disturbed by those practices. 
 
4.2. Difference in sensitivity to disturbance between zones of study 
The important difference in diving distance between upstream and downstream study 
zones (three times higher) is not interpretable with currently available information. An 
explanation could be that sensitivity to disturbance is increased due to higher frequency 
and/or intensity of man disturbances (such as capturing for entertainment, hunting, 
former fishing, poaching) upstream than downstream. Indeed, repeated approach and 
capture of caimans is known to increase their diving distance (Ron et al., 1998; Rebêlo 
& Lugli, 2001). Another explanation could come from size/age-dependent wariness. 
Large crocodiles are more prone to diving in response to approach than smaller ones 
(Webb & Messel, 1979). If upstream individuals were on average larger/older than 
downstream ones i.e. age-structure of the population would be younger), then it would 
explain that they were inclined to dive sooner when approached. These explanations 
deserve to be appropriately tested. 
 
4.3. Impact of mode of lighting   
It has not been possible to test the effect of various sources of light on diving distances 
of caimans. A complement to our study would be to test if the diving distance differs 
between approaches with lamps with weak (e.g. flashlights, frontal) or strong intensity 
(e.g. halogen lamp). Indeed, emitted light can be very different among these light 
sources. Light outputs were very different between two types of head lights, i.e. with 
traditional incandescent lamp and with diodes (Fig. 2).  
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Figure 2: Light emitted by headlights with incandescent lamp or with diodes, and 
received at different distances. 
 
4.4. Limits of the method   
Approach experiments could not be performed in zones with low human frequentation 
because the whole Kaw River is subjected to an important river traffic by fishermen, 
hunters and tourists (but see Rebêlo and Lugli, 2001, suggesting that such a test may not 
reveal differences in wariness). 
 
4.5. Impact of entertainment capture 
Estimating the impact of entertainment captures carried out during tourist outing on 
caimans could not be quantified. To understand and qualify the impact of capture and 
handling for tourist entertainment, we took part to a night excursion organised by a local 
tour operator. 



 
Document 2: A typical caiman night excursion 
“We were very grateful to the tour operator who invited us 
along to take part in his organised tourist expedition. The 
outing started at around 19:00 h, departing from the village of 
Kaw after a meal. Tourists embarked on a large aluminium 
hull without any specific briefing and directly started 
searching for caimans. A specialist in capture of caimans was 
standing in front of the boat, guiding the pilot. This search 
began from the canal, in Kaw village, and we could already 
perceive the bright eyes of caimans, but without any 
successful capture attempt. Then we went upstream above the 
village on the Kaw River. After about 20 minutes and two or 
three unsuccessful attempts, the specialist ended up capturing 
a Spectacled Caiman of c. 80-cm length. The animal was used 
for show with the aim of teaching basics of anatomy and 
biology of the species. While handling the animal in different 

positions, the specialist pointed out the number of toes of the front and rear feet, sex, 
and the nictitating eyelid by sticking his finger in the eye… Then the animal was passed 
on to adults willing to handle it or to take picture souvenirs. The animal was then 
released and the search continued. Later on, a second individual, definitely smaller, was 
captured, and this time, it could be handled by children tourists (see above pictures). 
Without worrying at all about the expectations of tourists taking part to the outing, the 
tour leader sets out again and tried in vain to capture other individuals in vain for more 
than one hour. Successive approaches, turns, decelerations, accelerations, reverse gears, 
were exhausting and bored passengers. The tour leader was probably afraid that 
capturing of two caimans only would not be satisfying enough for tourist passengers to 
estimate the trip worth their money. No information was given on conservation of the 
species, neither any information on the Reserve nor its activities for the conservation of 
caimans. Although tourists commented the astonishing sight of the fireflies flying all 
over the Kaw savannahs, they did not receive any comment on other topics than 
caimans capture… 
 
This experiment highlights that night outings are exclusively regarded as “caiman” trips 
on behalf of tour operators of the Reserve of Kaw-Roura. During the described visit, 
absolutely no other topics was tackled, and in particular not caimans conservation.  
Note that caimans capture is practiced by most tour operators in the area. However, 
some operators do not capture caimans during their outings, contributing to create a 
more appropriate atmosphere, likely more pleasant than basic tracking of caimans.  
The described trip allowed observation of obvious behavioural signs of stress, such as 
repeated intimidation blows. It is difficult to believe that sexing, stacking fingers in the 
eyes, and handling by tourists did not induce stress. Even handling by trained biologists, 
taking care of the individuals, induces a subsequent behavioural response of disturbance 
avoidance (Ron et al., 1998; Rebêlo & Lugli, 2001). 
Generated stress could have a quantitative, important impact since each evening, each 
tour operator, is likely to capture several individuals (two or more), which, multiplied 
by the number of colleagues (sometimes five simultaneously), could represent an 
important proportion of the caimans population inhabiting the few kilometres of river to 
be regularly handled and disturbed. 



For all individuals, or maybe only more susceptible life stages as hatchlings and young 
individuals, stress due to regular disturbance and capture may decrease their survival 
(e.g. Romero and Wikelski, 2001). The potential impact of capture for entertainment 
purposes may thus not be neglected. A follow-up over 20 years showed that the 
population of a North American terrestrial tortoise (Clemmys insculpta) drastically 
declined in a few years because of the opening to tourism to the geographical area 
occupied by the species (Garber and Burger, 1995). 
Given obvious signs of local animal population recovery in the Kaw-Roura Reserve 
(e.g. increase of some bird species, young age-structure of caimans), it would be 
unfortunate that tourism reverses these positive trends. 
 
4.6. Hormonal measurement of stress in caimans   
In complement to behavioural indicators of disturbance-induced stress (e.g., approach 
distance, but also bradycardia, ventilation; e.g. Gaunt and Gans, 1969), endocrinological 
measures would allow quantifying actual physiological stress. A common practice is to 
quantify concentrations of circulating ‘stress’ hormones such as corticosterones and 
adrenalins. Several studies highlighted the stress generated by capture in crocodilians. 
Lance and Elsey (1999) showed with captive-bred alligators that capture causes a severe 
stress, detected by a progressive increase in plasma concentration of circulating 
corticosterone. Jessop et al. (2003) showed that capture induced an increase in energy 
expenditure (i.e., increased glycaemia with emission of corticosterone subsequently to 
handling). 
Whereas interpretation of behavioural indicators of stress in crocodilians could be 
arguable, information from hormonal concentration is irrefutable evidence of 
physiological stress due to capture. Various studies linked chronic stress of animals with 
a fall of their survival (e.g. in birds, Müllner et al., 2004; in iguanas, Romero & 
Wikelski, 2001). Therefore, it is possible that repeated capture for tourist entertainment 
have a negative impact on caimans population dynamics. Investigations to be 
implemented subsequently to our study would be to evaluate the physiological impact 
caused by entertainment capturing on spectacled caimans by endocrinology 
measurements of stress under various modes and frequencies of capture, and between 
zones with or without entertainment capturing. 
 
4.7. Regarding safety measures 
In addition to the problems of the impact of capture on caimans welfare, this practice 
presents considerable risks in terms of safety of tourists. This is all the more true as 
there are children who start handling the smallest captured individuals. Tourists are 
therefore not safe from a bite, which can be severe. It could eventually also result in tour 
operators being bitten. 
 
5. Recommendation guidelines 
 
A regulation and the setting of more respectful tourist practices are recommended to 
reduce the potential negative effects of tourism on the fauna of the Kaw-Roura Reserve.  
 
5.1. Additional studies to measure the impact of capturing 
The natural reserve certainly needs a precise and sure evaluation of the impact of 
capturing caimans, based on eco-physiological and demographical approaches 
(Wikelski & Cooke, 2006). Information from similar studies is available (Lance & 
Elsey, 1999; Jessop et al., 2003). 



To refine these results and define alert indicators, the natural reserve could get engaged 
in a deeper ecological monitoring of caimans populations: 
- by focusing the study on the recovery of a caiman population after setting up 

strictly protected areas in sectors with the lowest human frequentation.  
- by adopting a more comparative approach, between hunted sectors (out of the 

reserve) and not hunted ones, and inside the reserve, between sectors subjected 
to human activities and those free from it 

 
5.2. Nocturnal tourist activities to be regulated 
Regarding the management of nocturnal tourist activities, it may be asked to turn off the 
engine when approaching to a distance shorter than 50 m from an area potentially 
occupied by caimans. It would minimize disturbance to caimans, facilitate their 
observation without capture, and would also increase the excursion’s quality by being 
quieter. 
To counteract the cessation of capturing caimans for tourists, one could propose to 
develop the interpretation of the nocturnal environment on the Kaw River by 
diversifying the presented aspects. The nocturnal excursion would then not only be a 
‘caiman tracking excursion’, but oriented more toward nature interpretation and 
conservation needs awareness. 
To shift toward night excursions without 
caimans capture, the Reserve could lead 
tour operators to move forward to single 
capture excursions and then, after two or 
three years of time, to the ban of capture.  
These two points could be included in a 
future “charter for ecotourism” in the 
Kwa-Roura Reserve signed by volunteer 
tour operators. Due to cessation of 
caiman poaching within the Reserve, 
populations are now recovering. One can 
expect, as seen in some other South 
American countries (Brazil, Venezuela), 
to end up with a situation where the 
visitor can approach the caimans without 
difficulties and observe them very easily, 
even in some case during the daytime.  
 
An image of eco-tourism for French 
Guyana and the Kaw-Roura Reserve  
If one wants to promote an image of eco-
tourism in French Guyana, based on the 
richness of its natural resources, its 
biodiversity, its forests, its rare and 
significant species, it is important to 
respect the resources which one makes 
promotion with. With increasing 
awareness of tourist professionals, 
promotional campaigns based on the capture of caiman in French Guyana may come to 
disappear (3: the “small girl with the caiman” on the promotional documents of the 
Committee of Tourism of French Guyana). The offer and the promotional campaigns 

Figure 3: Leaflet for the promotion of 
tourism in French Guyana 

(Source: Guyana’s Tourism Committee) 



giving that kind of image inevitably contribute to create the demand, which in turn 
contributes to maintain the offer. It would be welcome to break this vicious circle. To 
limit the offer of caimans capture should, in the long-term, reduce tourist demand for 
this kind of product. This must of course be compensated by richer tourist activities in 
their educational contexts and discovery of a natural legacy.  
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