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Abstract

A boat survey was conducted from 5 to 26 June 1993 to estimate the
abundance of the Amazon river dolphin (Inia geoffrensis) and the tucuxi (So-
talia flnviatilis) along ca. 120 km of the Amazon River bordering Colombia,
Peru, and Brazil. Two survey methods were used: line transects during 5 d
and strip transects during 15 d. The line transects were used to estimate the
abundance of both species in the main channels of the Amazon at distances
greater than 200 m from river banks and islands, and strip transects wete
used to estimate abundance in the remainder of the habitat. A total of 29
sightings was obtained using line transects, including 8 of Inia, 15 of Sotalia,
and 6 with both species present. The total number of sightings made while
using strip transects was 143, including 78 of Iniz, 51 of Sotalin, and 14
with both species present. The distributions of sightings with respect to dis-
rance from the nearest bank were not significantly different between the two
species. Based on the results from the two methods, we estimate that there
are 346 (CV = 0.12) Inia and 409 (CV = 0.13) Sotalia in the study area.
Overall, the mean group size for Inia was 2.9 individuals and for Sozelia was
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3.9 individuals. Iniz density (dolphin/km?) was highest in tributaries (4.8),
followed by areas around islands (2.7) and along main banks (2.0); while
Sotaliz density was highest in lakes (8.6), followed by areas along main banks
(2.8) and around islands (2.0). These are among the highest densities mea-
sured to date for any cetacean.

Key words: Amazon dolphins, survey techniques, distribution, abundance,
Inia, Sotalia, bufeo colorado, tucuxi, boto, bufeo negro.

Dolphins in riverine environments include some of the most endangered of
the world’s cetaceans. The principal threats are incidental mortality in fisheries,
habitat loss and degradation, directed killing, death in construction, and col-
lision with boats (for a recent review see Leatherwood and Reeves 1994). With
2 total population estimated as fewer than 100 individuals, perhaps only a few
dozen (Leatherwood and Reeves 1994), the baiji (Lipotes vexillifer) is considered
the most endangered cetacean. It is likely that this species will become extinct
within the next one or two decades. The situation is no more promising fot
many of the other dolphins of the superfamily Platanistoidea. The bhulan
(Platanista minor) and the baiji are listed as “endangered” and the susu (P
gangetica) and the Amazon river dolphin (also known in Spanish as bufeo col-
oradp and in Portuguese as boto) (Inia geoffrensis, hereafter referred to as Iniz)
as “vulnerable” by the IUCN—The World Conservation Union (Klinowska
1991). The status of the tucuxi (also known in Spanish as bufeo negro) (Sotalia
fluviasilis, hereafter referred as Sotalia), a delphinid, is unknown.

In 1986, participants in a workshop on the biology and conservation of
platanistoids agreed that the most-needed research was the improvement of
survey techniques to estimate the population sizes of these dolphins and to
determine trends in their abundance (Perrin and Brownell 1989). To date,
however, not much progress has been made in this area (see Reeves and Leath-
erwood 1994). There are few publications on the abundance of these dolphins,
and most of the data come from incidental short-term surveys (Perrin e 2/,
1989; Reeves er al. 1991, 1993; Reeves and Leatherwood 1995).

Both Inia and Sotalia are distributed in the Amazon and Orinoco basins,
the largest river system in the world. Most of what is known about these
dolphins in the wild is from work conducted since the early 1980s near Ma-
naus, Brazil (e.g., Best and da Silva 1989, da Silva and Best 1994). Iniz is the
most geographically widespread of the platanistoid dolphins, being found in
parts of Bolivia, Brazil, Colombia, Ecuador, Guyana, Peru, and Venczuela.
Sotalia is found in the Amazon-Orinoco River system but also inhabits the
sea and can be found in the Caribbean off the coast of Panama and along
South America’s north and northeastern shores from Colombia to southern
Brazil (Botrobia er /. 1991).

Few observations have been published on the (relative) abundance of Iniz

! Present address: % Water Branch, United Nations Environment Programme, P.O.
Box 47074, Nairobi, Kenya.

2 Present address: % O. Vidal; see footnote 1.
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Figure 1. 'The study area was mapped during the survey period using a GPS, which
was connected to give input directly to a laptop computer. A 4-m outboard launch
with the GPS and the computer was run at a distance of approximately 10 m from
the banks of all the main channels and islands and some of the associated tributaries.
Black dots indicate locations where river dolphins were seen on both strip and line
fransects.

and/or Sotaliaz, and most were incidental to other activities and limited to a
few sightings on a few days and in small areas (Layne 1958, Kasuya and
Kajihara 1974, Pilleri and Gihr 1977, Magnusson ¢ al, 1980, Pilleri ez al.
1982 cited in Best and da Silva 1989, Meade and Koehnken 1991, da Silva
and Best 1994, Trujillo 1994, Hetman e @/, 1996, Leatherwood 1996). Only
a few of these previous works produced quantitative estimates of density or
abundance.

The purposes of this study were (1) to develop methods of survey that are
appropriate for use on dolphins in the study area and which potentially could
be applicable to other species of river dolphins, (2) to make the first estimates
of the abundance of dolphins in the study area, and (3) to establish an initial
point for monitoring trends in their abundance through time. This study is
part of an overall research project on the ecology and population biology of
dolphins in the upper Amazon (Vidal 1994).

MATERIALS AND METHODS

Study area—The study area is about 250 km? along the cz. 120 km of the
Amazon River, which forms a border between Colombia and Peru, and a small
portion of the Peruvian-Brazilian border, in the upper Amazon (Fig. 1). Also,
three tributaries (Rios Atacuari, Loretoyacu, and Amacayacu), two latge lake
systems (Caballo Cocha and Tarapoto-El Cotteo), and several narrow channels
were surveyed. There are 16 major islands in this area. Many towns and vil-
lages are located along the river, with a population of several tens of thousands.
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In the study area, the water level of the Amazon River reaches a maximum
in May, coinciding with the peaks of the rainy seasons in the Peruvian and
Ecuadorean headwaters and reaches 2 minimum during July—August INDER-
ENA 1984). Maximum flood levels in 1993 were higher than normal. ‘The
Amazon River ranged between approximately 0.5 and 2 km in width in the
area during our study. Maximum widths of the tributaries ranged berween 60
and 200 m. The Amazon is classified (following Meade and Koehnken 1991)
as a “whitewater” river, e, it is turbid, yellowish brown, and very limited in
transparency because of the large load of suspended sediment. During our
study, the transparency of the Amazon (measured with a Secchi disk) was
typically less than 25 cm. The tributaries, channels, and lakes are classified as
“blackwater,” 7., they are more transparent due to a lack of suspended sedi-
ment, but are of a dark color due to high concentrations of dissolved fumic
and fulvic acids. Maximum recorded transparency was 1.8 m. White and black
waters mix in areas of confluence.

Survey methods—Surveys were conducted from 5 to 26 June 1993, at the
beginning of the dry season when flood waters were receding. During the
survey, flood waters receded from cz. 0.5 m below maximum to ez 3.0 m
below maximum. The survey vessel was a 17.5-m river boat (R/B Alcarfety)
with a draft of only 1.5 m. A platform was constructed on top of the pilot
house for three observers and one data recorder. Observation height was ap-
proximately 4.5 m at eye level for seated observers. Vessel speed varied con-
siderably with the direction and strength of the current, but was typically
maintained between 5 and 15 km/h.

We used line transect and strip transect methods (see Discussion for a jus-
tification of using both methods). General procedures were similar to those
used in surveys carried out in other studies for marine cetaceans, both pelagic
and coastal (for details see, for example, Hammond 1986, Barlow 1988). Here,
we briefly describe the changes made to adapt those procedures to our study
area.” Line transects were used in a zig-zag pattern between opposite banks of
the main channels. Strip transects were oriented paralle] to the banks of main
channels, islands, lakes, and smaller rivers and channels.

Five of the seven observers had previous experience observing river dolphins.
Personnel typically rotated among observer, recorder, information-relay, and
rest positions. Recorded data included time, position, speed of the vessel,
search effort, sighting conditions, sightings, depth, water temperature, and
distance to river banks. A transducer and depth sounder (maximum range 36
m) were mounted to allow periodic measurements of water depth while the
vessel was under way. A portable Geographic Positioning System (GPS) pro-
vided continuous information on position, speed, and direction of travel. Water
temperature was measured to the nearest 0.1°C using a bucket thermometer
that had been held underwater at a depth of approximately 30 cm for a
minimum of 30 sec. An optical range finder (46—1,000 m, advertised accuracy

3 Detailed descriptions of the methods to allow exact replication are found in the
cruise report of the survey, available from Vidal.
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of £9 m at 300 m) was used to estimate distances to the banks of the river
and to the location of dolphins. Because of the need to estimate sighting
distances rapidly and the difficulty in using the surface ripple left by a sut-
facing dolphin as a reference, the range finder often could not be used, and
the distance from the vessel to the location of dolphins was often estimated
by eye. To improve such estimates, observers were frequently asked to make
written estimates of the distance to inanimate floating objects in the river and
were subsequently told the «crue” distance as estimated with the range finder.

The information-relay position was one deck below the observers and next
to the pilot house, and the person in that position relayed ipstructions from
the observers to the captain. The following data on sighting conditions were
recorded every 10 min: direction of travel, speed, water depth, water temper-
ature, presence of rain or fog within one kilometer, percent overcast, and 2
relative measure of the effect of sun glare, wind, and water cusrents on sighting
conditions. Time and position were recorded when searching effort began and
ended. Only those sightings made while “on effort” were recorded as “sight-
ings.” Only sightings made by one of the three “on duty” observers were
recorded as “sightings.” All other personnel were required not to mention
dolphins that they had seen until the animals had passed well out of the
observers’ fields of view; these sightings were not systematically obtained and
were only recorded as “comments.”

Line transects—Line transects were conducted during five days (5 and 8-11
June). Five observers rotated among three observation positions, one data re-
corder position, and one rest position. The information-relay position was
occupied all day by the same person, who gave turning instructions to the
captain. Observers at all three observer positions searched primarily by “naked
eye” and intermittently with 7X or 8X binoculars. The two outside observers
searched from 0° to 90° on their respective sides of the vessel, and the center
obsetver searched from 45° right to 45° left.

Truly random or systematic transect lines were deemed infeasible due to
the complex physiography and inexperience of the captain in using electronic
navigation aids. Instead, transect lines were established by selecting an arbi-
trary starting point and applying a simple curning rule. The vessel started
toward a point on the opposite bank that was at a 45° angle to the adjacent
bank and continued across the river (compensating for river flow) to within
approximately 50 m of the chosen point (or less close if navigation hazards
were present). A compass was used to determine the angles. A new point was
then chosen on the opposite bank at a 45° angle to the adjacent bank and the
captain was directed to head for the new point. The same turning rule was
applied whether the transect line intersected one of the main banks of the
river or one of the islands. A total of 96 transects were surveyed in this manner,
beginning with transects in the southeast and working cowatds the northwest.

When a dolphin was sighted, search effort was discontinued and observers
concentrated on recording information about that sighting. Sighting infor-
mation included a consecutive sighting number; the observer who made the
sighting; whether that person was seatching with binoculats or “naked eyes”
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when the dolphins were first seen; the initial angle relative to the bow of the
boat and distance from the boat to the dolphins; and best, maximum, and
minimum estimates of the number of each species present. The vessel was
directed to proceed to the location whete the animals were first seen to measure
position, depth, water temperature, and distances to the nearest banks to the
right and left of the transect line. After this, the boat returned to the original
position to continue the transect.

Strip transects—Strip transects were conducted from 12 to 26 June. They
were carried out at a distance of 100 m from the banks of the Amazon River,
around all but three of its 16 major islands, and in two lake systems associated
with that river. Strip transects were also conducted from the center of several
minot channels of the Amazon River and in several tributaries. In cases where
small islets (called playas) were found close to the main river bank or close to
an island, the transect lines went outside of the playa (inside was often dan-
gerously shallow, usually less than 2 m).

Routine data collected every 10 min during strip transects also included
nearest distance to shore on the left and on the right of the transect line.
During the strip transect survey, six or seven observers rotated among three
observation positions, the data recorder position, and the information-relay
position. Observers at the right and left positions searched primarily by “naked
eye” between 0° and 90° on their respective sides, and the center observer
searched almost exclusively with 7X or 8X binoculars between 45° right and
45° left. The center observer was instructed to search at a greater distance to
detect dolphins that might avoid detection by remaining submerged, entering
the flooded forest, or passing under floating vegetation when the vessel ap-~
proached closer.

Strip widch was defined post facto (see Abundance Estimation below). Ob-
servers did not know at the time of the survey what distance would define
the outer margin of the survey strip. The position of the vessel depended on
the width of the waterway being surveyed. If the waterway was a channel or
river less than 200 m wide, the vessel passed down the center of the channel.
If the waterway was a lake or a channel wider than 300 m, the vessel conducted
transects at a distance of 100 m from each bank, and all dolphins between
the nearer bank and the center of the waterway were counted. Channels of
intermediate width (200-300 m) were typically treated as wide channels.
Occasionally, when conducting transects at 100 m from one bank, dolphins
would be seen that were closer to the opposite bank. Such sightings were not
included in the data, because they were outside the defined strip width and
to include them would probably have resulted in double-counting. If there
was a question about which bank they were closer to, the vessel was directed
to the location of the animals when they were first seen, and the distance was
measured to both banks using an optical range finder.

Each island transect consisted of the complete circumnavigation of one is-
land (except the large Isla Cacao, which had two transects). On the first island
transects, we noticed that dolphins appeared concentrated at the extreme up-
current or downcutrent points of islands, so most island transects were started
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away from these points to minimize confusion and possible double-counting
of the same animals at the beginning and end of a circular transect.

Sightings—Sightings often consisted of loosely associated dolphins (we called
them “aggregations”) which are not like the cohesive schools of most matine
dolphins. Groups and subgroups within a “sighting” sometimes showed co-
hesive social behavior, especially the female/calf pairs. A group was defined
(following Shane 1990) as any number of dolphins observed in apparent as-
sociation, moving in the same direction, and often—but not always—engaged
in the same activity. An aggregation consisted of several groups. Both Iniaz
and Sotalia were often found in the same general area but did not appear to
be interacting. There was considerable uncertainty and subjectivity in defining
what constituted a “sighting.” As we used the term, a sighting refers to all
the animals in the immediate vicinity of an animal that had been sighted.
Typically we counted all the dolphins visible at the location where the first
dolphin was seen. If all the dolphins in the area could not be easily counted
from that location, the vessel was moved closer to the dolphins. Often the
vessel had to be moved several times to get good estimates of all of the
subgroups. When the direction of the survey vessel was the same as that of
the current, the boat was often put in neutral and allowed to drift until we
approached the dolphins. The size of an area included within a “sighting”
varied, but typically was less than 200 m along a shoreline and was almost
always less than 500 m.

Estimating the number of freshwater dolphins present in an area is partic-
ularly challenging. Typically, this number was estimated by direct counting
of the number of distinct surfacings. However, because all animals are seldom
at the surface at the same time, this counting procedure requires judgement
as to whether two surfacings are likely to have been by the same or different
individuals. All available personnel (not just the three observers on duty at
the time of the sighting) aided in making a consensus estimate of the number
of animals present. The more experienced river dolphin researchers tended to
take the lead in abundance estimation. The counting procedure was often
facilitated by using scars, notches, and unique color patterns that many of the
dolphins (particularly Iniz) have, to determine whether two surfacings were
by the same animal (see Trujillo 1994). A maximum of 15 min was allowed
for counting dolphins on a given sighting. This was long enough to get a
good count, but not so long that movement of animals into and out of the
atea became a problem.

Abundance estimations: line transects—The abundance of Inia and Sotalia in
the main channels of the Amazon (at distances of greater than 200 m from
the nearest bank or island) was estimated from the zig-zag line cransects. The
basic line-transect equation for estimating abundance, N, for grouped animals
using line transect is given by:

_ AnS 7 (0) W
2Lg(0)

where
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A = size of the study area in km?,
7 = number of sightings,
§ = expected group size,
f(0) = sighting probability density at zero perpendicular distance,
L = length of transect line completed, and
4(0) = probability of seeing a group directly on the trackline,

(Buckland et 4/, 1993). The size of the study area, A, was estimated as the
total water area between the main banks of the Amazon in our study area
(Fig. 1) minus the land area of the islands and minus the areas covered by
strip transects in the main channels. The number of sightings, n, and the
length of transects, L, were limited to sightings and transect segments that
were farther than 200 m from the nearest river bank or island. There was no
significant correlation between the logarithm of group size and the sighting
probability function 8 (= 0.06, P = 0.59) (Buckland er /. 1993), so
expected group size was estimated as a simple mean group size. The parameter
S(0) (or 1/effective half-strip width) was estimated using both hazard rate and
half-normal key functions with and without cosine adjustment terms using
the program DISTANCE (Laake ez 2. 1993), and the best model fit was chesen
on the basis of minimizing the Akaike Information Criterion (AIC). In esti-
mating f(0), all sightings of both species were pooled (including some that
were closer than 200 m from a bank) for those effort segments when the vessel
was at least 200 m from a bank; this increased the sample size from 10 to 16
and improved the precision in estimating f(0). Perpendicular distances were
not grouped when estimating f(0) but were truncated ar 450 m (eliminating
only one sighting). The probability of seeing a group directly on the trackline

[g(0)} is assumed to be 1.0 (but see Discussion).

Abundance estimation: strip transects—The abundance of both species within
200 m of riverbanks and islands was estimated using strip-transect methods.
Strip widths were defined as ejther (1) 200 m (in channels wider than 400
m), (2) the actual width of the channel (in channels less than 200 m wide),
or (3) half the width of the channel (in channels between 200—400 m wide).
Of the 118 sightings made in channels wider than 200 m, only 17 were
excluded for being outside the defined strip. For purposes of abundance esti-
mation, we assume that a]l animals within the defined strip are counted (but
see Discussion).

Prior to the survey, 44 strip transects were defined and were stratified based
on the type of habitat being surveyed: (1) along banks in the main channels
of the Amazon River, (2) around islands in the main channels of the Amazon
River, (3) in the small canals passing through those islands, (4) in smaller
tributaries and canals of the Amazon River, and (5) in lakes. Virtually all of
the river bank habicat (Type 1) was surveyed. Two of the islands and half of
another (Type 2 habitat) were not surveyed due to lack of time. Most of the
canals within islands (Type 3 habitat) were not surveyed because the canals
were not navigable with our vessel. Some of the smaller canals (Type 4 habirat),
such as the one leading to Lago Cuchillo Cocha, were also not navigable. One
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Figure 2. Bold lines indicate strip transects that were surveyed. Strip transects were
conducted at a distance of approximately 100 m from the bank in channels wider than
300 m and down the center of smaller channels.

of the three lake habitats (Cuchillo Cocha) (Type S habitat) within our study
area could not be accessed. Overall, the majority of defined transects wete
surveyed (Fig. 2).

The abundance of dolphins (N;) within a habitat stratum (i) was estimated
as the product of the mean density of individuals (D;) times the total area in
defined transect strips (A,). The mean density of individuals (D,) was estimated
as the mean sighting rate (R;, individuals seen per linear kilometer of transect
completed) divided by the mean strip width (W, calculated from the distances
to left and right banks which were recorded every 10 min, using the strip-
width definitions given above):

R,

N; = D;A; W, A, 2
The mean sighting rate (R;) was estimated as an unweighted average of the
sighting rates of all completed transects; for transects that were replicated, the
mean of the replicates was used in this average. The mean strip width in the
unnavigable, unsurveyed canals was estimated to be 30 m based on recon-
naissance trips taken by small launch. The total abundance of dolphins within
the strip transects is the sum of the estimates for the five habitat types.

The variance of the strip-transect estimates of abundance was calculated
using a modification of the method described by Seber (1982, p. 23-24) for
a randomly selected subset of s transects (quadrats) from a total of S predefined
transects. Let p equal the fraction of the total area that was surveyed. The
variance of the population estimate is given by:

A? Var(R)

W/,Z 5 (1 - P;) (5)

Var(N)) =
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Figure 3. Bold lines indicate line transects that were surveyed in the main channels
of the Amazon River. Transects followed 2 zig-zag course from one bank to the other
at a 45° angle to the current flow.

Dolphins are not assumed to be randomly distributed; therefore, within a
stratum () the variance in the sighting rate is estimated empirically from the
average sighting rates (v, 7 on individual transects ( 7) as:

N (’”i,' - R)?

Var(R)) 231 AT

Only one transect was completed in Type 3 habitat and only two were com-

pleted in Type 5 habitat, so the above formula was not used to calculate the

variance in sighting rate. For those two cases, the variance in the sighting rate

was estimated by assuming that the number of sightings follows an inflated

poisson distribution with a variance equal to twice the number of sightings

(this approximation gave similar results to the empirical estimate for the other

three habitat types). The variance of the total abundance estimate N was
calculated as the sum of the variances for the habitat types.

4@

REsurts

Line transects—A series of zig-zag transect lines totalling 161 km was sur-
veyed from the entrance of a channel of the Rio Yavar] (just south of Tabatinga,
Brazil), on the Peruvian-Brazilian border, to just west of the mouth of the Rio
Atacuari in Peru (Fig. 3). This method was limited to the main channels of
the Amazon River. We had 29 sightings: 8 of Inia, 15 of Sotalia, and 6 with
both species present. Only 34% of these sightings (3 sightings of Iniz, 5 of
Sotalia, and 2 with both) and 60% of searching effort (96 km) were at distances
greater than 200 m from banks or islands and are, therefore, included in

estimating the sighting rate, n/L, for line-transect estimates of dolphin density
(Table 1).
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Table 1. Results of line-transect susveys for Inia and Sotalia and estimates of their
density and abundance for the stratum which includes waters greater than 200 m from
the nearest river bank or island in the main channels of the Amazon River. Groups

containing both species were included in the tally of sightings for both species. The
effective half-strip width (1/f(0)) was estimated for both species pooled.

Mean
Total sight- Effec-
dis- ing tive
Num- tance rate CV  half- Dol-
ber sur- Mean (Dol- sight- strip Study phin
sight- veyed group phins ing width CV  area density Ccv

Species ings (km) size km™!) rate (km) ESW (km?) (km?) Abund. Abund.

Inia 5 95.63 5.40 0.282 0.37 0.245 0.19 170.1 0.575 98 0.41
Sotalia 7 95.63 6.00 0.439 0.27 0.245 019 170.1 0.895 152 033

Because the 10 sightings that were greatet than 200 m from the banks are
not adequate to estimate the f(0) parameter, We pooled sightings of both
species and all sightings that were made while searching at distances greater
than 200 m from any bank (including 6 sightings that were located within
200 m of a bank, but excluding 13 sightings that were made at searching
distances less than 200 m from a bank). The sighting probability distribution
is fairly flat out to approximately 100 m perpendicular distance (Fig. 4). The

0.005
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0.003

(%)

0.002 -

Number of Sightings

0.001

0 100 200 300 400
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Figure 4. Histogram represents the distribution of perpendicular distances to sight-
ings made from zig-zag line transects in the main channels of the Amazon when the
vessel was greater than 200 m from the nearest island or river bank. Continuous curve
represents probability density function based on maximum likelihood fit of half-normal

model to the perpendicular distance data.
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Figure 5. Distributions of distances from the nearest river bank for sighting of Inia
and Sotelia made on line-transect and strip-transect surveys in the main channels of
the Amazon River. Groups containing both species are counted twice, once for each
species.

best-fit sighting probability model was achieved with a half-normal key func-
tion and no cosine adjustment terms (Fig. 4) and gives an estimate of an
effective half-serip width of 245 m (Table 1).

The distributions of sightings with respect to distance from the nearest
bank (Fig. 5) were not significantly different between the two species [Kol-
mogorov/Smirnov (K/S) test excluding groups with both species, P = 0.7].

Strip transects—Strip transects covered 616 km (Fig. 2). The total number
of sightings was 143, including 78 sightings of Inia, 51 of Sotalia, and 14
with both species present. Due to time limitations and navigational con-
straints, not all of the defined strip transects were completed. Transect lines
15 and 16 were replicated five and three times, respectively, to estimate the
variance that might be expected in replicate surveys. Other transect lines (such
as tributaries) were replicated twice in the same day because the vessel was
required to retrace its path,

The distributions of sightings with respect to distance from the nearest
bank in the main channels of the Amazon River (Fig. 5) were not significantly
different between the two species (K/S test excluding groups with both species,
P = 0.5).

Abundance estimation—The line-transect estimates of dolphin abundance for
the center of the main channels (> 200 m from banks) were 98 (CV = 0.41)
Inia and 152 (CV = 0.33) Sotalia (Table 1). The strip-transect estimates for
the remainder of their habitat wete similar for both species: 248 (CV = 0.05)
Inia and 257 (CV = 0.07) Sotaliz (Table 2). The combined estimates for these
two strata were 346 (CV = 0.12) Iniz and 409 (CV = 0.13) Sotalia (coeffi-
cients of variation are based on additivity of variances).
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Dolphin densities—Inia densities based on the above estimates of total abun-
dance were highest in the tributaries (4.8 dolphins/km?), followed by areas
around islands (2.7) and along main banks (2.0), and were lowest in the middle
of large channels (0.6). Sozzliz densities were highest in lakes (8.6), followed
by main banks (2.8) and areas around islands (2.0), and were lowest in the
middle of large channels (0.9) and in small canals passing through islands
(1.0). Most sightings of both species (80% of Inia, 70% of Sotalia) were along
the main banks and around large islands. Overall, the mean group size for
Inia was 2.9 individuals and for Sotaliaz was 3.9 individuals.

Discussion

Survey design—This study was designed to explote both line-transect and
strip-transect approaches to estimaring river dolphin abundance. Prior to this
study, neither approach had been used rigorously to estimate dolphin abun-
dance in rivers?, and, therefore, any approach we used was experimental. We
originally planned to use zig-zag line transects for two passes along the entire
length of the main channels, and we planned to estimate dolphin abundance
from these transects for the entire width of the river.

After one pass through the study area, a serious deficiency was apparent in
the zig-zag line-transect surveys. The majority of sightings (66%) were within
200 m of the river banks and islands and were therefore concentrated near the
apexes of the inbound and outbound legs of effort. This creates an area of
overlap between the inbound and outbound transects which poses a problem
in analysis of line-transect data, especially when (as in this case) the area of
overlap is large relative to the distance at which animals can be sighted and
the fraction of animals there is high. In our analyses we dealt with the problem
of overlap areas by not using sightings and effort within 200 m of the banks
or islands. This reduced the sample size considerably and resulted in relatively
imprecise estimates of abundance for the mid-channel areas (Table 1),

Our decision to switch from line transects to strip transects earlier than
planned (after only one pass through the study area) was based on this and on
a variety of other factors. Navigation of zig-zag lines proved to be extremely
difficult given the strong cutrents and the captain’s lack of familiarity with
electronic navigation aids. Because of these navigation difficulties, we were
‘concerned about the future replicability of our transect lines and therefore
their value for monitoring trends in abundance over time. We were also con-
cerned about whether sufficient sightings would be collected to make a precise
estimate of dolphin abundance. We reasoned that if the majority of dolphins
are close to the banks we could increase our sighting rates (and therefore the
precision of our abundance estimates) by concentrating our survey efforts in
those areas. As it turned out, however, the sighting rates are not as different
between the line transects and strip transects as we imagined they might be

4 Subsequently, Leatherwood (1996) used both methods to estimate the abundance
of river dolphins in the upper Amazon Basin, Peru.
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I'mean dolphin sighting rates for line transects were 0.28 km™! for Iniz and
0.44 km~! for Sotalia (Table 1), and weighted mean sighting rates for strip
transects along main banks and islands were 0.44 km™! for Iniz and 0.49
km-~! for Sotalia (Table 2)]. In hindsight, the precision of our overall abun-
dance estimates would have been improved by some additional line-transect
effort in the mid-channel areas.

Abundance estimation—In general, strip transects worked better than line
transects in our study. It was far easier to direct the vessel on a path parallel
to the bank than it was to direct the vessel on zig-zag transect lines. The
primary assumption of strip-transect surveys is that all individuals within the
transect strip are counted. This assumption is certainly not met for freshwater
dolphins. The line-transect data show that sighting probabilities are relatively
constant out to 100 m from the trackline (Fig. 4); therefore, few animals
should be missed if they are within our defined strips @nd if they are visible
at the surface. A much greater problem with both strip and line transects is
missing dolphins because they do not surface (or do so cryptically) and avoid
vessels; such dolphins are not available to be seen. This problem is particularly
acute for Iniz, which we saw move under floating vegetation when a vessel
was approaching and which commonly enter the flooded forest (this was ob-
served during the present cruise and also during extensive fleld observations
by some of the authors; Vidal, unpublished data). We tried to minimize the
number missed by using multiple observers and by searching far in front of
the vessel with binoculars. Even so, off-duty observers occasionally saw dol-
phins that were obviously missed by the on-duty observers. Animals that are
far from the transect line are especially likely to be missed, but animals that
are close to the transect line are also missed. We did not collect sufficient
information to quantify the fraction missed. Therefore, both strip- and line-
transect estimates of dolphin abundance have a negative bias. Our perception
is, however, that this bias is not likely to change through time (assuming that
future surveys are done using the same type of survey vessel and the same
methods). Additional work is needed to quantify this bias.

The methods we used to estimate the variance associated with our abun-
dance estimates do not account for all sources of sampling variation and the
resulting coefficients of variation in the abundance estimates ate likely to be
t00 small. The selection of transects to be surveyed was not entirely random;
however, this effect is likely to be small because most transects Were surveyed.
More importantly, because we could not conduct an instantaneous sutvey of
all transects, the movement of animals between transects would inflate the
variance of our estimate and would introduce covariance between adjacent
cransects. This would be difficult to model statistically, but if the movements
are random, this should bias only our variance and not our abundance esti-
mates. Also, we treated the number of individuals in each group as if it were
known without error. In fact, considerable subjectivity exists in estimating
group size for freshwater dolphins, which would also result in an underesti-
mate of the true variance. A worst-case variance of the abundance estimate
was calculated by assuming that the empirical estimate of vatiance in the
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sighting rate (Equation 4) applies to transects that were surveyed, as well as
to transects that were not surveyed (essentially setting p; = 0 in Equation 3).
Using this worst-case variance, the coefficients of variation for the Strip-tran-
sect abundance estimates increase from 0.05 to 0.17 for Iniz and from 0.07
to 0.26 for Sotaliz. The true uncertainty in our abundance estimates probably
lies within these ranges.

Dolphin densities—Densities of Inia and Sotalia in our study area (Table 2)
and in Peru’s upper Amazon Basin (Leatherwood 1996, tables 17—19) are
typically between 1 and 10 individuals/km? and are among the highest den-
sities measured for any cetacean. For comparison, harbor porpoises (Phocoena
Dhocena) in high-density areas off Oregon and Washington, are 1~3 individ-
uals/km? (Barlow 1988), and short-beaked common dolphins (Delphinus dei-
Phis) off California, are 0.3 individuals/km? (Barlow 1995). For our study area,
we believe that this high density is likely the result of special physiographical
and hydrological characteristics, which favor and maintain a high diversity
and abundance of fishes (the main food of the dolphins) but which also offer
to the dolphins suitable areas for reproduction, resting, ez, It is impottant to
bear this in mind and to be cautious before making extrapolations of our
abundance estimates to other areas of the Amazon where these dolphins occur.

Extensive field observations conducted by some of us in the study area from
March to December 1993 (Vidal, unpublished data) demonstrated that al-
though dolphins of both species are commonly found within most of this area,
they concentrate in certain zones, These zones are characterized by having (1)
a confluence of the Amazon River with either a tributary or a large channel
resulting in a mixture of “white” and “black” waters, (2) downstream ends of
islands, and (3) a lake. Feeding behavior of both Iniz and Sotzliz was much
more commonly seen in these turbulent areas of confluence than in any other
habitat. Similar observations were reported by da Silva (1983) and da Silva
and Best (1994) near Manaus, Brazil, and we agree with their conclusion that
dolphins congregate in these areas because of the abundance of fishes which
are easily captrured. This is also supported by the fact that most human fishing
activities take place in these areas of confluence. Layne (1958) observed a
definite tendency for both species to move into the lakes and associated chan-
nels during late afternoon.

RECOMMENDATIONS

Dolphins that are missed—The greatest shortcoming of the strip-transect
method is violation of the assumption that all animals are seen within the
strip. Additional research is needed to better estimate the fraction of animals
that are missed. One strategy for estimating this fraction would be to have
two independent observer platforms, one with three observers looking forward
and one with one or more observers looking backwards. The forward-looking
observers would behave exactly as they did on this survey, but the backward-

looking observers would record only sightings that were obviously missed by
the forward-looking observers.
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Scientific personnel—Personnel participating as observers in future cruises
should be trained in the field by observing both species of dolphins for at least
several weeks before starting the cruises. This would allow comparison with
the data we have obtained in this study. At least some of the observers should
have several months of experience estimating group sizes of river dolphins.

Survey methods—Future surveys of river dolphins in wide channels might
benefit from using a hybrid of our survey design—line transects oriented
partallel to the rivers course at varying distances from the bank (say 100 m,
200 m, and 400 m, depending on the width of the river). This approach
would allow the simultaneous estimation of sighting probabilities as functions
of both distance from the trackline and distance from the bank. (A single
trapsect, parallel to the bank, is not sufficient to allow this.) Such an approach
is likely to be more efficient than our zig-zag line-transect design because it
could concentrate effort where more of the dolphins are, would avoid the
problem of concentrating effort in narrow channels and at apexes of the zig-
zags, would be easier to implement, and would be easier to replicate. This
method would, however, require a detailed map of the river that could be
used to estimate the river’s surface area as a function of distance from the
nearest point of land.

Future surveys—The present study established an initial point for monitoring
crends in abundance of Inia and Sotalia through time in the study area. How-
ever, additional surveys should be conducted (ideally one or two per year) to
allow further refining of the methods, and to monitor the population status
of these dolphins in this region. Additional recommendations are given in the
cruise report?.
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