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Introduction 
The Amazonian forests of Loreto, Peru are situated in the western Amazon basin and 
harbour some of the greatest mammalian, avian, floral and fish diversity on Earth (Puertas 
and Bodmer 1993, Pitman et al. 2003). Indeed, these forests are one of the last remaining 
true wilderness areas left on the planet. However, these vast expanses of pristine forest will 
only remain intact if conservation programs are successfully implemented (Anderson 1990, 
Peres et al 2006). Wildlife conservation in Loreto must incorporate landscape features (in 
terms of major habitat types of both flooded and upland forests), the biology of landscape 
species and the socio-economics of the rural people (Bodmer et al. 1998).  
 
Research and conservation activities should use an interdisciplinary approach to find a 
balance between the needs of the indigenous people and the conservation of the animals 
and plants (Bodmer and Puertas 2000, Peres 2000). For example, some animals like the 
primates, jaguars, manatees and tapirs are very vulnerable to hunting and their populations 
can rapidly be depleted by overhunting (Bodmer et al. 1997, Peres & Palacios 2007). Other 
animals are more appropriate as a source of meat for local people, such as peccaries, deer 
and large rodents (paca and agouti)(Bodmer & Robinson 2004, Fang et al. 2008). This project 
is helping to conserve wildlife, not only for saving the biodiversity of the Amazon, but also as 
a means of helping the poor indigenous people who rely on these resources for their food 
and shelter (Bodmer and Robinson 2004). The project is working together with the local 
people, because they are the true guardians of the forest, and information provided by this 
research can help the indigenous people make appropriate decisions on how best to save 
the Amazon (Halme & Bodmer 2007). The Amazon has been abused in the past, through 
deforestation for timber, overhunting of animals and overfishing (Dourojeanni 1990, Peres & 
Nascimento 2006). Local people are taking actions in places like the Pacaya-Samiria Reserve 
and the Yavari River basin including the Lago Preto Conservation Concession. These areas 
are examples of how things are changing; they are examples of how conservation can work 
ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ƭƻŎŀƭ ǇŜƻǇƭŜΣ ƎƻǾŜǊƴƳŜƴǘǎ ŀƴŘ bDhΩǎ ό.ƻŘƳŜǊ et al. 2008). 
 
Lago Preto: a Public-Private Reserve 
The Lago Preto Conservation Concession is a public-private Amazonian reserve, where the 
Peruvian government granted a 10,000 hectare block of rain forest to WCS (in collaboration 
with DICE) as a 40 year concession. Conservation concessions are a relatively new strategy in 
Peru with the first concession granted in 2004. The effectiveness of conservation 
concessions will be paramount to a diversified conservation landscape. The goal of the 
current research at Lago Preto is to investigate the effectiveness of a conservation 
concession for Amazonian biodiversity. Results will help determine the potential of public-
private conservation strategies as a viable protected area category, thus increasing diversity 
in protected area systems. 



2 

 

Pacaya-Samiria: a National Reserve Incorporating Local People 
The Pacaya-Samiria National Reserve has gone through a major shift in its management 
policies over the past two decades, from an area of strict protection where local people 
were excluded from the reserve to an area where the local indigenous people participate 
with the reserve management. This drastic shift in conservation policy has led to a reduction 
in hunting pressure and an increase in wildlife populations (Bodmer & Puertas 2007). When 
the park administration changed and the reserve began to incorporate the local 
communities in the management of the area, attitudes of the local people also changed 
(Puertas et al. 2000). Local management groups were given areas to manage and were no 
longer considered poachers. They were able to use a limited amount of resources legally and 
with reserve administration approval. Many of the local people changed their attitude 
towards the reserve and began to see the long-term benefits of the reserve for their future. 
The reserve became part of their future plans and there was increasing interest in getting 
involved with the reserve. Many local people can now see the socio-economic benefits of 
the reserve and are themselves helping to conserve the area.  Hunting has decreased 
substantially, both due to the poachers now becoming mangers, and because the local 
people are keeping the other poachers out of their management areas.  
 

Research Objectives 
The project is using a set of key wildlife species to evaluate the conservation success of the 
Lago Preto Conservation Concession and the Samiria River basin in the Pacaya-Samiria 
National Reserve.  
 

1) Ungulates are important bush meat species and were used to examine the impact of 
hunting by using sustainability models and long-term monitoring. 

2) River dolphins were used as indicator species for the aquatic systems by 
incorporating long-term monitoring of the dolphin populations. 

3) Macaws were used as general indicators of the terrestrial systems by evaluating 
changes in species numbers and composition.  

4) Primate populations were monitored to determine the impact of hunting on 
arboreal mammals and to study ecological interactions between arboreal and 
terrestrial wildlife assemblages. 

5) Game bird populations were monitored to determine their conservation status and 
impact of hunting. 

6) Caiman populations were monitored to evaluate the recovery of black caiman 
populations and the ecological interactions between species. 

7) River turtle populations were monitored to determine the success of the head-
starting conservation programme in the Samiria River basin 

8) Giant river otter populations were monitored to evaluate the recovery of this rare 
species. 

9) Amazon manatee populations were monitored in the Samiria river to evaluate the 
conservation status of this vulnerable species. 

10) Large cats, including jaguars, pumas and ocelots were monitored using camera traps 
to determine a baseline for long-term population studies in the Lago Preto 
Concession. 

11) The abundance, diversity and age structure of the large fish species were monitored 
to determine the impact of local fisheries and the effectiveness of fisheries 
management. 

12) The project also worked with implementing and monitoring of community-based 
conservation activities in indigenous communities. In these communities the project 
worked with sustainable use and community-based management of natural 
resources. 
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The Lago Preto Conservation Concession 
The Lago Preto Conservation Concession is a 10,000 hectare block of tropical forest located 
in the upper Yavari River just below the confluence of the Yavari and Yavari Miri Rivers (Fig. 
1). The Yavari River forms the border between Peru and Brazil in the western Amazon basin. 
The forests of Lago Preto are some of the most biodiverse habitats in the Amazon, with 13 
sympatric species of primates, an extraordinary avian assemblage, a unique floral 
composition and one of the greatest diversities of fish and frog species found in the 
Neotropics.  
 
The Lago Preto Conservation Concession adjoins the proposed Greater Yavari Protected area 
which covers over 1.5 million hectares of pristine Amazon forests. This area is one of the 
most remote and isolated regions of the Amazon. There are still uncontacted Indian tribes 
inhabiting the Greater Yavari landscape, and the overall human population is one of the 
lowest found anywhere in South America. 
 
The Lago Preto Conservation Concession has three major habitat types, including upland 
non-flooded terra firma forests, seasonally flooded varzea forests and palm swamps. The 
upland forests consist of undulating hills broken by stream valleys and ravines. These forests 
have exceptionally high canopies often with emergent trees reaching 30 meters. The 
understorey is composed of sparse shade resistant vegetation. 
 
Seasonally flooded forests are inundated by the white waters of the Yavari between 4 to six 
months each year. These forests are situated in the Yavari floodplain and have softer alluvial 
soils and a lower canopy than upland forests. Levees, or slightly raised floodplain islands are 
interspersed by backswamps and low laying streams. The varzea forests have a lower floral 
diversity than upland forests. 
 
Palm swamps are usually situated at the border between the upland and flooded forests. 
These low laying backswamp habitats are dominated by the emergent mauritia palms. Palm 
swamps usually extended for several kilometers and have permanent water stands. Palm 
swamps have a high production of mauritia palm fruits, which are eaten by a great diversity 
of wildlife. This habitat supports many mammalian and avian species, such as uakari 
monkeys, squirrel monkeys, and most species of macaws. 

 
The Lago Preto Conservation Concession has seven major ox-bow lakes. These lakes are 
protected under the concessions management plan and have an extraordinary diversity and 
abundance of fish, including large populations of peacock bass, the large Aripima paiche fish, 
arawana fish, sting rays, among many other species. In addition, the lakes have a recovering 
population of giant river otter and a healthy population of wading birds.  
 
The Lago Preto Conservation Concession has the greatest resident population of red uakari 
monkeys found to date (Salovaara et al 2003). Most of the red uakari monkeys are 
habituated and easy to observe. Large mammals are regularly sighted along the forest trails, 
including peccaries, the occasional tapir, many primate species, edentates such as 
armadillos, anteaters, and sloths, and large cat species. 
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Fig. 1. Map of the Lago Preto Conservation Concession on the Yavari River, Peru. 

 

Pacaya-Samiria National Reserve 
The Pacaya-Samiria National Reserve extends over an area of 2,080,000 ha in the 
Department of Loreto, Peru. The reserve is dominated by white water flooded forests, 
known in Amazonia as Varzea forests. The reserve is comprised of two major drainage 
basins: the Pacaya River basin and the Samiria River basin. The Samiria River basin is the 
largest geological and ecological feature of the reserve (Fig. 2). 
 
The principal habitat types of the Peruvian Amazon are a result of large scale geological 
changes that occurred during the tertiary and quaternary periods. The Samiria River basin is 
situated in the Pevas lake bed that formed after the uplifting of the Andes. When the Pevas 
Lake drained it left a geological depression in this area of western Amazonia, which is 
currently characterized by soft alluvial soils.  
 
The wildlife of the Samiria River lives in an ecosystem that is characterised by large seasonal 
fluctuations occurring between the high water and low water seasons. The ecology of the 
aquatic and terrestrial wildlife revolves around these seasonal changes in water level. 
The large seasonal inundations that annually occur along the immense floodplains of the 
Pacaya-Samiria rivers are a result of rainfall in the foothills of the Andes. During the summer 
months of October to May precipitation off of the Pacific Ocean is pushed over the Andes by 
the strong uplifting winds originating from Southern Ocean currents. This results in heavy 
rainfall on the eastern Andes that runoff into the western Amazon basin. The result is large 
scale flooding along the major rivers situated in the old lake bed and the high water season.  
In contrast, during the winter months of June to September the precipitation off the Pacific 
Ocean decreases and the rains in the eastern Andes is greatly reduced, resulting in the 
drying up of the western Amazonian rivers and the low water season.  
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The Pacaya-Samiria National Reserve is situated between the confluence of the two largest 
tributaries to the Amazon in Peru, the Ucayali and Maranon Rivers. The meeting of these 
two rivers actually come together to form the Amazon River proper. The Ucayali and 
Maranon Rivers have snaked back and fourth across the Pacaya-Samiria reserve over the 
millennia leaving behind an abundance of oxbow lakes, channels, levees, and other 
geological features. Indeed, both the Pacaya and Samiria Rivers are actually old channels. 
Indeed, the headwaters of the Samiria River originate principally from inflows of the 
Maranon River and the Samiria River drains back into the Maranon. Likewise, the Pacaya 
River originates from water of the Ucayali River that is drained back again at its mouth. 
The soils of the flooded forests in the Pacaya-Samiria Reserve are rich in nutrients due to the 
white water rivers of the Ucayali and Maranon flowing through the forests and depositing 
sediments during the high water period. The Samiria River is characterised by a blackish 
colour during high water. This is a result of the white water from the Maranon entering the 
flooded forests, depositing the sediments as the currents slow during their movement 
through the forests, and the water picking up tannins from the leaf litter. 
 
Whilst the soil of these Varzea forests is rich, the ecological conditions of long periods of 
flooding, up to 6 months, is very harsh on much of the floral and faunal community. Many 
plant species cannot withstand the long periods of inundation and the diversity of plants in 
the heavily flooded areas is lower than lightly and non-flooded levees. Likewise, the 
terrestrial wildlife must seek out floodplain islands or levees during the high water season, 
which have increased competition and predation pressures. Even the arboreal wildlife is 
impacted by the flooding, since many of the fruit trees are quite seasonal in the Varzea 
forests, resulting in seasons with low food production. 
 
The aquatic wildlife is equally affected by the large seasonal inundations. During the flooded 
periods the fish enter the flooded forests and feed on the abundance of vegetative and 
animal production, especially the abundance of fruits, invertebrates and other living 
organisms trapped in the annual floods. Indeed, many tree species fruit during this season 
and rely on the fish as their primary means of seed dispersal. During the flooded period 
many fish populations reproduce within the inundated forests. Other aquatic wildlife have a 
more difficult time during the floods, such as the dolphins, giant river otter and other fish 
predators, since their prey is more sparsely distributed throughout the large expanses of the 
flooded forests. When the waters recede during the dry months, fish populations become 
condensed in the reduced lakes, rivers and channels with ever increasing competition and 
predation. During this period many fish populations migrate out of the Varzea rivers and into 
the larger rivers. The dolphins and other fish predators have an abundance of prey during 
the low water season and even follow the fish migrations down the rivers and channels. 
The people who live in the flooded forests also have adapted to the seasonal fluctuations in 
both the use of the natural resources and their agriculture. During the high water season 
fishing is more difficult, since the fish are dispersed throughout the inundated forests. 
However, during this period hunting becomes easier with the large bushmeat species, such 
as deer, peccaries and tapir being trapped on the levees and islands. In contrast, during the 
low water season the bush meat species become difficult to hunt as they range throughout 
the entire forests, and the fish become easy prey being trapped in the reduced water bodies 
of the lakes, channels and rivers. The local indigenous people of the floodplain forests alter 
their hunting and fishing accordingly, with a greater emphasis on hunting during the high 
water season and a greater focus on fishing during the low water season.  
 
The agriculture of people inhabiting the flooded forests takes advantage of the rich soils 
from the annual deposits of sediments and the short growing period that needs to be 
harvested before the floods return. Traditionally, people of the flooded forests have relied 
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on the manioc as their staple agricultural product. Manioc has a short growing period that 
can be planted and harvested within the low water season. Manioc flour (farainha) is 
produced by baking pounded. Manioc flour can be stored throughout the year and supply 
carbohydrates to the people during the flooded periods. 
 

 

Fig.2. Partial view of the Samaria river basin. The area around PV Samiria is the mouth section. The 
area around PV Tachacocha is the mid-section. The area around PV Ungurahui is the near upriver 

section, and the area around PV Pithecia is the far upriver section. 
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Methods 

Ecological work 

Censuses of terrestrial mammals and game birds 
Line censuses along transect trails were used to conduct terrestrial mammal and game bird 
censuses (Fig. 3).  Census trails between 2-5 km in length were surveyed repeatedly.  
Information registered on a census includes: day, site, species, number of individuals, and 
perpendicular distance from the individual to the transect line, habitat, time, distance 
travelled and weather conditions.  
 
The method assumes that all the animals that are on the center of the line transect (0 m 
perpendicular distance) will be observed. The technique is based on the notion that 
observers do not see all the animals that are off the center of the line, and that the 
probability of sighting an animal depends on the distance of the animal from the line. 
Animals closer to the line have a higher probability of being seen than animals further from 
the line. The perpendicular distance of all solitary animals sighted, or the first animal sighted 
in a social species were recorded (Buckland et al. 1993). The DISTANCE estimation calculates 
the animals that you did not see, and includes these animals in the density estimate. 
The method relies on measuring the perpendicular distance of animals before they move as 
a consequence of seeing the observer. That means observers must try and see the animal 
before they sight the observer. It also means observers must measure the perpendicular 
distance of the first sighting. If animals move because of the observer than the estimate will 
be biased. With the DISTANCE programme trails do not have to be straight, but the 
perpendicular distances must be measured at the correct angle of the center line. The 
perpendicular distance will be measured directly from the point of first sighting (Buckland et 
al. 1993). 
  
The method assumes that animals are independently dispersed throughout the habitat. 
Since individual animals within a social group are not independent, but move dependent 
upon one another, animal groups in social species must be considered as the sampling unit. 
Thus, DISTANCE will calculate the density of animal groups (Buckland et al. 1993).  
The equipment used for line transects included: a map of the area, a compass, data sheets, 
pens and binoculars. Trails were not placed with any pre-determined knowledge of the 
distribution of the animals. Censuses were done using small groups of three or four 
observers. Transects were walked slowly and quietly (500-1,000 m/hr) between 7am and 
3pm.  
 
Census information was analyzed using DISTANCE software (Thomas et al. 2002). This 
programme is regularly used in calculating individual or group densities (Buckland et al. 
1993) and can estimate densities if the distribution of sightings within a transect line forms a 
clear probability function. When the number of sightings is deemed insufficient to determine 
a probability function, the meǘƘƻŘ ƪƴƻǿƴ ŀǎ ΨŦƛȄŜŘ ǿƛŘǘƘΩ ǿŀǎ used to estimate the 
densities.  
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Fig.3. Volunteers conduct terrestrial mammal and game bird censuses. Clockwise from top left: 
volunteer spots bird in canopy; volunteers use binoculars to observe bird features for species 

identification; volunteers compare features observed with a species identification guide; volunteers 
trek the mammal census line transect. 

 
 
Censuses of caimans  
To assess the population and ecology of caiman species in the ecosystem it is necessary to 
gain an understanding of their population size. Aquatic transects were used travelling 
upstream or downstream on the main river and in nearby channels or lakes. A GPS was used 
to determine the distance surveyed each night. All caimans seen were identified to the 
species level as best as possible and size of the caiman and location were noted. These data, 
along with data collected from captured caimans, were used to analyze the caiman 
population size. Caiman surveys and captures were conducted from a small boat fitted with 
a 15-horsepower engine (Fig. 4). Caimans were located by their eye reflections using a 12-
volt spotlight and approached to a distance where the engine was silenced and the boat 
paddled closer.   
 
Noosing was used to capture caimans. The noose was made of a long pole about 2 m in 
ƭŜƴƎǘƘ ǿƛǘƘ ŀ ƭƻƻǇ ƻŦ ǊƻǇŜ ǘƘŀǘ Ŏŀƴ ōŜ ǇǳƭƭŜŘ ǘƛƎƘǘ ƻǾŜǊ ǘƘŜ ŎŀƛƳŀƴΩǎ ƴŜŎƪΦ ¢ƘŜ ŎŀƛƳŀƴǎ ǿŜǊŜ 
secured with rope tied around the jaw behind the nostrils and around the neck. Total body 
length was measured from the tip of the snout to the tip of the tail, while head length was 
measured from the tip of the snout to the posterior edge of the orbital (the vent). The sex 
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was also determined. Weight of the caiman was recorded in kilograms. A measuring tape 
and weighing scales was used. 
 
The population abundance of each species was calculated using the formula N/L, where N= 
the number of individuals and L= the distance travelled in kilometres. The results indicate 
the number of individuals per kilometre.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Processing of a caiman. Clockwise from top left: caiman is captured for census by scientists, 
using a noose; captured caiman showing noose; scientist determines caiman sex; scientist measures 
snout length; volunteer scans water with flashlight whilst searching  for caimans; local guide helps 

scientist measure caiman body length. 

 
 
Censuses of macaws  
Point counts were used to monitor macaws. Between eight and nine points was established 
in each sampling unit separated by 500m. A GPS was used to measure the distance between 
points. 
 
Fifteen minutes was spent at each point. Censuses were carried out twice a day in the 
morning (5:30-9:00h) and afternoon (16:00-18:30).  The censuses usually lasted longer in the 
morning than in the afternoon. 
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Within the 15-min counts, all macaw species either perched or flying were noted. The 
distances of the birds from the observer were estimated where possible. A motorized boat 
was used to travel to each point (Fig. 5). 
 
Abundance data were calculated in each sampling zone. This was done by adding the total 
number of sightings and dividing this number by the number of points. Thus, abundance is 
expressed as the number of individuals per point. 
 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5. Volunteers seek and find macaws for census. Clockwise from top left: Blue and Gold macaws, 
Ara ararauna; Red and green macaws, Ara chloroptera; volunteers motorboat up Amazon scouting 

macaw sites; volunteer scout boat comes into dock at a macaw site. 

 

 

Census of turtles and the nesting programme 
The censuses of the river turtles, in particular Podocnemis uniflis, were carried out in the 
Samiria River basin.  The method consists of travelling with the current of the river on a boat 
ŀƴŘ ǊŜƎƛǎǘŜǊƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ǎƛǘŜŘΣ ŜƛǘƘŜǊ ǎǳƴōŀǘƘƛƴƎ ƻǊ ǎǿƛƳƳƛƴƎΦ  ¢ƘŜ ΨŦƛȄŜŘ 
ǿƛŘǘƘΩ ƳŜǘƘƻŘ ǿŀǎ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ǘǳǊǘƭŜ ŀōǳƴŘŀƴŎŜΣ ǿƘŜǊŜ ǘƘŜ ŦƛȄŜŘ ǿƛŘǘƘ ǿŀǎ ǘƘŜ ǿƛŘǘƘ 
of the river.   
 
The censuses was carried out using a boat and following an imaginary line across the middle 
of the river between the hours of 11:00 and 13:00, collecting data on:  the perpendicular 
distance, the number of individuals, the location of the boat, the activity of the species and 
any other information deemed relevant.  To facilitate the observations, binoculars were 
used when individuals were sunbathing more than 50 m away from the boat.  The 
classification of the microhabitat was recorded. Beaches at were used to collect turtle eggs 
from nests as part of the head starting programme.   
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Fig. 6. Volunteers and scientists gather turtle eggs from nests as part of the head starting programme. 
Clockwise from top left: eggs are gathered after dark; a volunteer uses a stick to locate nests in the 

sand; an uncovered turtle nest; eggs are carefully laid in collection bucket. 

 

Turtle eggs were collected from the nests (Fig. 6) and placed in an artificial beach 
constructed next to the park guard posts. After 60 days the turtles hatch and were released 
back into the main river. 
 
Preparation of the artificial beach 
The artificial beach was prepared by turning over the sand which had been carefully selected 
and free from organic remains and insects.  The artificial beach was encircled by a barrier 
created from palm tree wood, in order to keep in the sand and to facilitate drainage whilst 
avoiding the loss of nests during the incubation process.  The size of the palm frame is 
dependent upon the number of nests planted; in this case a frame of 5 by 6 metres was 
used.   
 
Collection of eggs 
The nests were located by gently probing the ground with a small stick; or by simply pressing 
ǘƘŜ ƎǊƻǳƴŘ ǾŜǊȅ ƎŜƴǘƭȅ ǿƛǘƘ ƻƴŜΩǎ ƘŜŜƭ ǿƘŜƴ ǘƘŜ ŦƻƻǘǇǊƛƴǘǎ ŀǊŜ ƴƻǘ ŎƭŜŀǊ ŜƴƻǳƎƘ ƻǊ ƘŀŘ 
been washed away by rain.   
 
Transport of eggs 
Once the nests are found, they were carefully excavated out of the soil using ones hands. 
Eggs were extracted, one by one, and placed very gently on a tray with a layer of sand.  Care 
was taken to maintain the original position of the egg and not to turn them around during 
handling in order to make sure that the growth rate of the embryo remains intact.  Every 
nest in the tray was labelled with the number of eggs collected and the number of eggs that 
were not viable.  The latter were covered up with sand and separated with leaves. 
 
Selection of eggs 
The eggs were taken to the artificial beach built next to the guard post where they were 
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incubated.  Eggs considered viable are those that develop a whitish spot 24 hours after they 
have been laid.  Cracked shells render eggs unviable. Eggs that were not considered viable 
due to cracks in their shells, fungus, abnormal size, or appearing flaccid, were discarded.   
 
Nesting 
A hole was dug by hand in the sand similar to that of a natural nest.  The depth of the hole 
depends on the number of eggs that were placed in the nest.  One by one, the eggs were 
placed inside the whole, in the same position in which they had been found, and the nest 
was then be covered up with sand and lightly patted to create a little mound of sand about 
5cm high.  The distance left between each nest was 20 cm, whilst 30 cm of space was left 
between each row.  
 
Information on the number of nests, the number of eggs, the percentage of inviable eggs as 
well as the date of collection and incubation was recorded. 
 

 

Censuses of dolphins and manatees 
Dolphin censuses were carried out at both sites. Five kilometres was travelled daily from 
9:00 to 14:00 h along the centre of the river using a boat. Information collected included: 
species, group size, group composition, behaviour (travelling, fishing, playing), time, and any 
additional observations.   
 
Data were analysed using fixed width: 
 
Where: 
 D= Density 
 N= Number of individuals 
 A= River width 
 L=  Distance travelled 
 2= Number of margins sampled 
 
Aquatic surveys were used to census dolphins. A GPS (Global Positioning System) was used 
to determine the length of each aquatic census. Dolphin transects usually take three to four 
hours to complete depending on the speed at which the river is flowing.  
 
A motorized boat was used to carry out the census (Fig. 7). Any dolphins seen coming to the 
surface for air, swimming with their heads above water, sunbathing or swimming just below 
the surface of the water (i.e. no deeper than 5 cm) were recorded. Care was taken not to 
double count any dolphin sightings. Behavioral information on the dolphin activity was also 
recorded along with the size class of each dolphin sighting. For each transect the weather 
conditions and the start and finish times were recorded.  
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Fig. 7. Volunteers and the animals seen on dolphin and manatee census. Clockwise from top left: 
census boat takes volunteers upriver; volunteers scan the water for telltale signs of dolphins and 
manatees; a manatee breaks the surface as it dives; three dolphins come to investigate the boat. 

 
 

Censuses of fish 
/ŜƴǎǳǎŜǎ ǿŜǊŜ ŎŀǊǊƛŜŘ ƻǳǘ ŀǘ ōƻǘƘ ǎƛǘŜǎΦ 5ǳǊƛƴƎ ǘƘŜ ŎŜƴǎǳǎŜǎ ƎǊŜŜƴ Ǝƛƭƭ ƴŜǘǎ ƻŦ оΦрΩΩ ǿŜǊŜ 
used in lakes and channels with weak currents and white gill nets in the river.  Fishing points 
were located on shores or banks where there is aquatic vegetation or shrubs, although 
meanders are the preferred areas.  Individuals were identified, measured and weighed (Fig. 
8).  Catch per unit effort was calculated by the number of individuals per species caught and 
the effort spent fishing at each zone. 
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Fig. 8. Volunteers and scientists conduct the fish census. Clockwise from top left: traditionally inspired 
canoe carries scientist and local guide to sample grounds; local guide checks his net for catches; 

volunteer uses fishing rod to capture fish; volunteers weigh fish for census; captured fish is weighed; a 
volunteer measures fish body length; the days fish sample; volunteers canoe across the river checking 

nets. 

   

Habitats were also compared (lake, channel, river) and diversity indices were used. 
tǊƻŘǳŎǘƛǾƛǘȅ ƻŦ ŦƛǎƘ ǿŀǎ ǎƘƻǿƴ ƛƴ ǘŜǊƳǎ ƻŦ ŎŀǘŎƘ ǇŜǊ ǳƴƛǘ ŜŦŦƻǊǘΣ ǳǎƛƴƎ ǘƘŜ ΨōƛƻƳŀǎǎ ŎŀǇǘǳǊŜŘ 
ǇŜǊ ŜŦŦƻǊǘΩ ƳŜǘƘƻŘΦ ¢ƘŜ /t¦9 ƳŜǘƘƻŘ is a robust indicator over time for the level of 
abundance, density and pressure fishing in a given zone (Queiroz 2000). The length-
frequency analysis helps to predict biological impacts of fisheries. A harvest focused on 
juveniles, for example, causes greater impact than a harvest of adult fish not in their 
breeding period.     
 

 


