5.1.5. Biological Information on Key Fish Species

The figures and tables to follow illustrate size composition, sex ratio and female maturity stage of the key
species as determined from data 6btained at each trawl station, havihé slzindardiécd the number of specimens per
unit area {1 km’). Only data taken from actual speciniens were used in the determination of body length range,
mean body length, body lcﬁgth and weight relationship, bottom salinity and body length rclationship; and feeding
habits.

Data on size composition of the key specics were obtained primanily using the measuring-card punching
method. However, at trawl stations where too few specimens were caught, data on body tength were taken instead
from the multi-item biological measurement, although the latter was not necessarily carried out at all stations.
Each 2 cm size class was considered for the body length composition of six of the key species, and the figures to
follow show the central value of each size class. For pescadinha gé Macrodon ancylodon, however, each | cm

size class was chosen instead.

(a) Piramutaba Brach inaf)’sfoma vaiflantii
a-1) Body length range and mean body length
Table 33 shows fork length range and mean fork leagth values for piramutaba,
i) Overall body length
Throughout the surveys the maximum size found was 697 mm, and the minimum size 33 mm.
Specimens as large as the one seen in Santarém, Lower Amazon, measuring over 90 cm (sec Figure
121), were not found in the survey area. Mean fork length was, in survey order, 265 mm, 259 mm and
233 mum, denoting a trend toward smaller sizes.
it} Size variation by stratum
Mcan fork length was larger by many centimeters in the 5-10 m stratum than in the 10-20 m
one, except in the Phase 2 Dry Season. Both maximum and minimum lengths were found in the 5-10m
stratum,
iti) Size variation by water mass region
Mean fork length was, for all seasonal surveys, larger in river than in brackish waters, the
difference being more striking in the Rainy Season. With one exception, maximum and minimum sizes

were found in brackish waters.
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Table 33. Range and mean body length for Piramutaba Brachyplatystoma vailiantii. (A) Phase 1 Dry
Season Survey; (B) Phase 2 Rainy Season Survey; {C) Phase 2 Dry Season Survey, Waler
mass regions: RW, river waters; BW, brackish waters; OW, ocean waters.

(A) . _ : : . .
Fork length Stratum { isobath range inm ) Water mass
in mm 5-10 1020 20-50 ‘RW BW oW
Minimum 40 74 - 40 - 4 : -
Maximum 565 505 - 650 665 -
Mean 267 259 s 31 237 -

All area : Min. 40, Max, 665, Mecan 265

(B}
Fork length Stratum ( isobath range in m) ' Water mass
inmm 5-10 16-20 20-50 RW BW ow
Minimum 45 55 - 115 45 -
Maxinum 697 665 - 660 697 -
Mean 264 242 - ‘ 46 212 -

All area : M'm. 45, Max. 697, Mean 259

©)
Fork length Stratum { isobath range in m) Water mass _
in mm 5-10 10 - 20 20 - 50 RW BW  OW
Minimum 33 62 - 82 C 33 -
Maximum 670 580 . 560 670 -
Mean 231 259 - ) 255 21 -

All area : Min. 33, Max. 670, Mean 233

a-2) Relationship between bottom salinity and size
Figure 29 shows the relationship between salinity of the bottom layer and size for piramutaba.
There, the fish were classified as small (under 20 cm), intermediate-size (20-40 cm) and large (over 40
cm). Piramutaba of all groups were distributed in river (less than 1 psu) and low-salinity (under 10 psu)
watcrs; however, waters from low to intermediate salinity (around 20 psu) tended to harbor smal! and
large fish, and highly saline waters {around 30 psu) smalt ﬁsh. In the rainy season, piramutaba of all

groups tended to occur in regions of higher salinity than those they were around during thé dry season.
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Figure 25, Relationship between boitom salinily and size in Piramutaba Brackyplatystoma vaillantii,

a-3) Size composition
Figure 30 shows the size composition for piramutaba, with body length data taken via both the
measuring-cérd [J:urichiﬁg method and the multi-item biological measurement.
i) Overall size composition
In all survey seasons, overall size composition exhibited a poly-modal pattern of distribution.
Analysis of the strong and dominant modes including a predominant mode among several modes shows
piramutaba stocks were characteristically formed by mostly small (under 20 cm) and intermediate-
to-large individuals, with few specimens targer than 40 cm. The dominant mode for small fishes was at
14-16 ¢m class in the Dry Season§ (this was the most frequent mode overall, although the 18-20 cin
mode for Phase 2 close to it} and at 10-12 ¢m in the Rainy Season. The dominant mode for fish larger
than 20 cm was at 34-36 cm and 26-28 em classes in the Pry Season of, respectively, Phase 1 and
Phase 2 and at 22-24 cm class in the Phase 2 Rainy Season, this being the most frequent mode overall.
For smaH ﬁsh there were other modes in the Dry Scasons of the Phase 1 (4—6 cm class) and Phase 2
(6-8 cm class), indicating recruitment of newborn fry, Temporally well correspondences between the
three modes, 4-6 cm mode in the Phase 1 Dry Season, 10-12 cm mode in the Phase 2 Rainy Season,
14-16 cmand 18-20 cm modes in the Phase 2 Dry Season, and the 14-16 cm, 22-24 cmand 26-28 cm
modes, in survey order reflected the natural growth of piramutaba.
) Size co-npos;lmn by stratum .
Inall suncy seasons, siz¢ composition b) stratum had a poly- modai pattem of distribution. Size
composstlon inthe 5-10 m stratum was similar to the overall size composmon In thc 10-20 m stratum,
. size composlhon was charactenzed by compnsmg mamly mtcnncdzate—sne fish in the Phase | Dry
S;tason, the presence of all size groups with the predommance of small ﬁsh in the Phase 2 Rainy Scason,

and the presence of large fish bul the predominance of small ones in the Phase 2 Dry Scason.
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Figure 30. Size compesition for piramutaba Brachyplalystoma vaillantii. {A) Phase I Dry Season Survey;
{B) Phase 2 Rainy Scason Survey; (C) Phasc 2 Dry Season Survey.
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Figure 30, Continued
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a-4) Body lenglh and weight re!atlonshtp
Figure 31 summarnzes the tclatlonshlp between fork length and body weight for piramutaba,
determined from data obtained through the multi-item biological measurement Rcsultmg regression

equations for the total number of male, female and sexually indeterminate lndmduals were:

Phase 1 Dry Season Survey: BW =5 x L} x 106 (r=0.997)
Phase 2 Rainy Season Survey: BW =6 x FL"'"‘S x10° (r= 0.997}
Phase 2 Dry Season Survey: BW =5 x FL*""* x 10 (r = 0.998)

These equations are very similar to each other and also close to that established by Barthem etal.
(1997) as BW = 4.6 x FL** x 10%, r = 0.960 {n = 321, FL = 0-69 cm, BW = 7-5,700 g).

a-3) Body length and weight by sex
Table 34 sununarizes fork length and body weight by sex for piramutaba. In all survey seasons,
mean fork length and mean weight was larger in females than in lﬁalcs. Differences belween sexes were
more accentuated in the Dry Scasons than in the Rainy Season. Ma!es tended to grow larger in temporal
sequence, but females would be larger jn the Dry Scasons than in the Raiﬁy Season. Devetopment of
reproductive organs to the point of allowiing visually detectable sexual dimorbhism started around 10 cm
and 15 g for both sexes. But the amplitude of individual \_farialtion in ihe development of reproductive

organs was suggested by the occurrence of sexually indeterminate individuals of 50 cm {see Figure 32) or
1kg.

Table 34. Body length and weight by sex for Piramutaba Brachyplatystoma vaillantii. (A) Phase 1
Dry Season Survey; (B} Phase 2 Rainy Scason Survey; (C) Phase 2 Dry Season Survey.

(A)
Sex Fork length in mm Body weight in g
Range Mean Range Mean
Male 160G - 625 355 45 - 3,400 724
Female 169 - 665 444 50- 4,300 1,396
Indetesminate 40-470 155 1-13,180 Fe|
®) , .
Sex Fork length in mm Body weight in g
Range Mean Range Mean
Male 113- 660 358 15 - 4,300 760
Female 108 - 697 : n : 14 -'5,100 ' 1,042
Indeterminate 45-350 126 o 1-500 33
Sex ) Fork length in mm 2 Body weighting
) Range Mean . Range Mean
Male 151 - 645 394 o 20-4,000 1,018
Female 157 - 670 451 40-5160 1,669

Indeterminate 33.249 - 129 03- 158 30
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Figure 31. Relationship between fork length and body weight for Piramulaba Brachyplatystoma
vaillantii, (A) Phase 1 Dry Season Survey; (B} Phase 2 Rainy Season Survey; (C)
Phase 2 Dry Season Survey.
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a-6) Sex ratio and female maturity stage _ | -
: Téble 35 shmmarizes sex ratio and female rﬁaturity stage for piramutaba. Sex ratio is shown as
the number of females pér ong male,
i} Overall sex ratio
Overall sex ratio was 2.06, 0.86 and 1.04 in survey order — predominance of females, a stight
majority of males and equal presence of both sexes respectively, three situations for three seasons. All
fernales were immature,
ii) Sex ratio by stratum
Predominance of mates occurred only in thc 5-10 m stratum in the Phase 2 Rainy Scason. Sex
ratio was found to be depth-dependent, being greater in the 10-20 m stratum than in the 5-10 m
stratum in atl seasons: in that stratum, all individuals were female in the Phase 1 Dry Season Survey.
Since minimum size for female maturity is 40 cm, according to Barthem et al. {1991), one can
spccuiate piramutaba (it is unclear whether it is a subpopulation) does not utilize the survey area as its

spawning ground, but rather as cither its food searching or nursery ground.

Table 35. Sex ratio and female maturity stage for Piramutaba Brachyplatystoma vaillantii. {A) Phase 1

Dry Scason Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.

(A)
Stratum Number of female £ by maturity stage Numberof  Sexratio
(iscbathrange inm ) Immature Semi-mature Mature Total male @ 210
5-10 217 ¢ 0 217 140 1.55
10-20 330 0 S 330 0 -
-5 0 0 0 0 0 -
Al stratum 237 1] 0 237 115 206
8)
Stratum Number of female § by maturity stage Number of  Sex ratio
(isobathrange inm) [mmature Semi-mature  Mature Total male & I
5-10 673 0 0 673 839 0.80
10 - 20 273 0 0 273 144 1.90
20 - 50 0 0 0 0 ] -
All stratum 568 0 0 568 657 .86
©) o
Stratum Number of female £ by maturity slage Number of _ Sexralio
(isgbath rangeinm) Immafure Semi-mature  Mature Total male & It
5-10 439 QO 0 439 424 1.04
10-20 45 0 - -0 45 27 1.67
~_20-50 ¢ 0 0 0 0 -
All stratum 415 0 0 415 400 1.04




ilf) Sex ratio by size class
Data obtained in all scasons through the multi-item biological measurement were grouped into
cach 2 cm size class. Fr.eQu‘ency.'of number of indi\.'iduals‘ in these gfoupé by sex {male, female,
indeterminate) is presented in Figure 32. A size-dependent cha'nge: in sex fatio was Rot observed in each
scason; however, in most of the léngth classcs above S0 ¢m — or above 42 cm in the Phase 1 Dry
Scason — there was a predominance of females. On thelol.her‘hand, sex composition in terms of the
previously deﬁhed small-intermediate-large ﬁsﬁ size catégodes was as follows (M, male; F, fomale; 3,

indeterminate sex), in survey order:

(1) small fish

M 9% F 6% 18% M 6% F14% 18% M 7% F 11% I 8%
(2) tnlermediate-size fish

M25% F 21% 1 48% M 56% F 36% 1 8% M 46% F 32% 1 %
{3) large fish

M 2% F 76% 1 13% M45% F 55% | 0% M 58% F 42% [ 0%

a-7) Feeding habits _ _

- Table 36 presents the results of _ étomach conlents -analysis vi:i the occurrence method.
Individuats 'withl'emply Stomachs were less frequent in the Rainy Season (6l%) than in the Dry Seasons
(71% and 77%). An ove‘m.nmed stomach was observed frorﬁ an individual du ring the Phase 2 Dry Season
Survey. Piramutaba fed mainly on fish, and secondarily on shrimp in both Pry and Rainy Scasons. The
high rate of unidentified materials was due to the fact that the stomach contents of individuals around 10
cm were exceedingly small for proper identification. According to Barthem (1997), the young fish in the

survey area feed on polychaetes and crustacean larvae.

Table 36. Stomach contents of Piramutaba Brachyplatystoma vaillantii.

Survey Numberof Emply Evert _ Stomach contents by the occurrence method ( %)

Phase season  specimens  stomach | cate Fish ' Crustacea Unideatified
: rate (%) (%) Shrimp Crab Other .
Dry 286 - 77 : - 36 9 55
2 Rainy 995 6t 41 15 0.5 43
Dry 460 71 02 29 14 1 2 55

99



(A) lid" O ¢ .immature Hindeterminate I

100

80
60

40

Frequency(%)

20

3 7 11 15 1% 23 27 31 35 3% 43 47 51 55 59 63 67
Fork length in em

B) [. & O ¢ immatwe Windetetminat?l

Frequency(%o)

3 7 11 15 19 23 27 M 35 3% 43 47 51 S5 59 63 6'.'7
Fork length in cm

(©) l. @ D2 immature indelerrninateJ

109

T

80

60

19

Frequency(%)

10

3 ? it 15 19 23 17 31 35 3% 43 47 $1 55 59 63 487
Fork length in cm

Figure 32, Frequency of male, female and indeterminate sex individuals by leagth class for Piramutaba
Brachyplatystoma vaillantii. (A) Phase I Dry Season Survey; .(B) Phase 2 Rainy Season Survey; (C)
Phase 2 Dry Season Survey. ' '
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(b) Dourada Brach yplatystoma flavicans
b-1} Body length rangc and mean body [éngih

Table 37 shows fork length réngc an& mean fork length values for dourada.

i) Overall body tength -

Throughout the surveys the maximum size found was 835 mm, and the minimum size 53 mm.

Specimens as large as the one measuring over 90 em seen in Santarém, Lower Amazon (see Figure

122), were not found in'the survey area. Mean fork length was larger in the Rainy Season (49 cm) than

in the Dry Seasons (46 cm).

ii) Size variation by stratum

Mean fork length in the Dry Seasons was larger by 4—5 cm in the 5-10 m stratum than in the

10-20 m stratum. There was no difference between strata in the Rainy Season for mean fork length,

which measured about 49 cmi. Both maximum and minimum lengths were found in the 5-10 i stratum,

with a single exception.

iil) Size variation by water mass region

Mean fork length was, for but one of the seasonal surveys, larger in river than in brackish

waters, with a difference of some 3-5 cm. The exception happened in the Phase 2 Dry Season, when

there was no much divergence in fish size between water mass regions. Minimum size was found in

brackish waters and maximum size (with one exception) in river waters.

Table 37. Range and mean body length for Dourada Brachyplaiystoma flavicans. (A) Phase 1 Dry

Season Survey; (B} Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey. Water
mass regions: RW, river waters; BW, brackish waters, OW, ocean waters.

(A)
Fork tength Stratum {isobath range in m) Water mass
in mm 5-10 10-20 20-50 RW BW oW
Minimum 66 110 - 9 66 -
. Maximum 807 652 - 630 807 -
Mean 47 420 - 485 60 -
All area : Min. 66, Max. 807, Mcan 462
® - _
Fork Iength Stratum {isobath rangein m) Water mass
in mm 5-10 10-20 20- 50 RW BW ow
Minimum 61 78 - 250 61 .
Maximum - 780 835 . 835 780 :
Mean 490 493 - 527 476 -
All area : Min. 61, Max. 835, Mean 491 - e
©) .
Fork length Stratum ( isobath range inm) . Water mass L
in mm 5-10 10-20 20-50 RW BW ow
Minimum 53 64 . 65 53 -
Maximum ©o81s 690 - 815 795 -
© Mean 463 423 . 454 459 -

* Allarea : Min. 53, Max. 815, Mean 458

10!



b-2) Relationship between bottom salinity and size _ _
Figure 33 showsthe rclationéhip between salinity ofﬂic bottom layer and size for dourada, It can
be seen there that intermediate-to-large fish (ﬂloéc larger than 20 ;::m) tived in waters from 0 psu to near 20
psu, while smalier fish were spread all over régions of higher salinity. The distribution of small fish into

higher saline waters was more accentuated in the Rainy Season.

L8060 © Phase 1 Dry Season
' o Phase 2 Ralny Season
i ‘% Phase 2 Dry Season
800 3 * ..... B
B
E "
i 600 4 . DK......;.. ......................... LS
X .
E° %% .
= e
_E 400 - ;.. 3
- :
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Figure 33. Relationship between bottom salinity and size in Dourada Brach yplatystoma Navicans.

b-3) Size composition
Figure 34 shows the size composition for dburada, with body length data taken via both the
measuring-card punching method and the multi-item biological measufement.
i} Overall size composition _

In all survey scasons, overall size composition exhibited a poly-modal pattem of distribution
that looks like a single mountain range. However, one could individualize two masses of mountains —
formed by the highest peak and the base of many high and fow mountains — separated by the valley
lain the 1820 cm class for the Dry Scasons and the 36-38 cm class for the Rainy S.eéson. Peak for the
mass of mountains corresponding to small size classes was between 8- 14 cm classes, that for large size
classes between 58-66 ¢m c!asées. Near the latter peak (which was also the highest peak in the entire
range) there were many mountains of a close height. This allowed to understand fhc existence of a
dourada stock with large individuals of about 60 cm and the recruitment 6f newborn fry of around 10
cm into it. ' |

i) Size composition by stratum

Size composition in the 5;10 m siratum wﬁs similar to the overall size composition. In the 10-

20 m stratum, the two above-mentioned masses of mountains are clearly deﬁnéd, with a widening of the

valley scparating them,

oz



{A)

40

STRATUM:S-10m
1. r .

- Mean=47.3 .

LJLIN T B T I B N N O B R B A N R

5 15 23 35 45 35
Fork length in cm

LALIR T ) T

65 715

o
[~ 3

Frequency
[~ - LY [
L3 & [—3 w (]

h

e 3 TRATUMA0-20m

S ,1‘_], =315

Tl

n Mean=41.7 |

200

Frequency
L3
o
=

TrrTrTvryT

65 75

45

5 15 25 3% 55
Fork tength in cm

STRATUM:20-50m

200

Frequeney
f—
<
<

wn
=

TIF T I 3T T i3 T O I Y T VT Ty T rrr ey

5 i5 15 35 45 55 65
Fork length in em

73

SmélTUMtS-SOm
I n=2258
Mean=46.5

Frequency
L% T T #Y)
uh
=

LRI N A

65 15

15 55
Fork length in cm

®)
540

450 -
400

350

1" Mean=48.8 -

B 300 e

5

3,250 e
100 {-}-

- 80 {

STRAFI.UM'S-lOm R e e T PR PR,
n=4722

150

LI B A A U B N e N B N Y

§ 15 28 35 45 55 65
Fork length in cm

T

78

Frequeney

. STRATUM:10-20m
S
T.Mean,:.f!&?._

150

LELEN I8 20 2 I g o 3 e+

35 45 5% 65
Fork length in cm

Frequency
2z

[ ]
w

—
[
(=

~d
w

_ STRATUM20-50m
=

(=]

500
450

[
[, ]
[— ]

—
A @
L

100 -

4
[

TET T T T T I T T T T T T T Ty T T T R T T R T T e T e T

5 15 15 35 45 55

Fork length in cm

65 75

"STRATUM:S-50m g [pgp
Lomsos o HIEE
remm———— Mem#g's mrras it ae e me——

25 A5 55
York Jength in cm

5 15

Figure 34. Size composition for Dourada Iirdch);piaf}!sfqma Jlavicans. (A) Phase 1 Dry Scason Survey; (B)
" Phase 2 Rainy Season Survey; (C) Phase 2 Dry Secason Survey.



Figure 34, Continucd
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b-4) Body length and weight relationship
Figure 35 summarizes the relélionship between fork length and body weight for dourada,
determined from data obtained through the multi-item bioln.agicall measuremnent. Resulting regression
equations for the total number of male, fémale and sexually indeterminate individuals were:
' BW =5 x FL>¥? x 10° (r =0.991)
BW =8 x FL* x 10° (r = 0.996)
BW =5 x FL>''¥* x 10°* (r = 0.998)

Phase 1 Dry Scason Survey:

‘_Pha.se 2 Rainy Season Survey:

Phase 2 Dry Scason Surve;:

These equations are very similkar to cach other and resemble those established by Le Guennec
(1985) as BW = 9.267 x FL**™? x 10° (r=0.971) and by Barthern ct al. (1997) as BW = 1.73 x FL2?"
x 10° (r = 0.951).

b-5) Body length and weight by sex
Table 38 summarizes fork length and body weight by sex for dourada. In all survey scasons,
mean forl; length and mean weight was slightly larger in females than in males, although practically no
scasonal difference .in size could be detected between the sexes. Development of reproductive organs to the
point of allowing sexual dimorphism detectable to the naked cye started around 12 ¢m and 16 g for both
sexcs. But the amplitude of indiv.idual variation in the development of reproductive organs was suggested
by the occurrence of sexually indeterminate individuals of 50 cm (see Figure 36) or 1,400 kg. Males

surpassing 78 ¢cm were not caught.

Table 38. Body length and weight by sex for Dburada Brachyplatystoma flavicans. {A)
Phase 1 Dry Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2

Dry Scason Survey.
{A)
Sex Fork length in mim _ Bodyweighting
Range Mean Range Mean
Male 245-7719 529 100 - 6,050 1,869
Female 2106 - 807 510 50 - 7,150 1,909
Indeterminate 66 - 500 178 2- 1,400 169
(B)
Sex Fork length in mm Body weight in g
Range Mean Range Mean
Male 130 - 770 540 19- 5,900 2,084
~ Female 145 -835 544 27 . 6,540 2,148
Indeterminate 61 - 328 160 1- 300 69
©)
Sex Fork length in mm Body weightin g
Range Mean Range Mean
Male 230-745 519 90 - 4,900 1,939
Female 121 - 815 540 16 - 7,000 1,055
53 - 298 11 1- 282 28

Indeterminate

05
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b-6) Sex ratio and female maturity stage

Table 39 summarizes sex ratio and female maturity stage for dourada.

i} Overalll Sex ratio
Overall sex ratio was 1.18, 1.17 and 1.71 in survey order.

it) Sex ratio by stratum

Predominance of mates occurred only in the 10-20 m stratum in the Phase 2 Rainy Season.

Depth-dependency of sex ratio could not be determined because of lack of data. AH captured females

were immature, According to the study by Loubens ct al. (1986) in Bolivia, dourada in Rio Mamoré

become mature at 81 cm {males) or 97 cm (feinales), and spawn in December. Although there are no

subpopulation studies on dourada, if one presumes the subpopulation of dourada is the same all over

the Amazon Basin, the estuary should not be their spawning ground, but rather their nursery and

feeding ground.

Table 39, Sex ratio and female maturity stage for Dourada Brachyplatystoma flavicans. (A) Phase 1

Dry Season Survey; (B) Phase 2 Ralay Season Survey; (C) Phase 2 Dry Season Survey.

(A)
Stratum Number of female by maturity stage Numberof _ Sex ralio
(isobath rangeinm) Immature Semi-mature  Malure Total male o i
5-10 43 Q 0 43 40 1.08
10 -20 30 0 0 30 9 3.33
20 - 50 0 0 0 ¢ 0 -
All stratum 40 0 0 40 34 118
(B) :
Stratum Number of female @ by maturity stage Numberof  Sex ratio
(isobathrangeinm) Immature  Semi-mature  Mature Total mleg® 9/
5-10 _ 63 0 0 63 47 1.34
10 - 20 31 o 0 31 43 072
26 - 50 0 0 0 0 e -
All stratum 54 0 0 54 46 1.17
) |
Stratem Number of female £ by maturity stage _ Numberof _ Scx ratio
{isobathrangeinm) Immature Semi-mature  Malure Total male & !
5-10 17 0 0 17 44 1.75
10 - 20 82 0 0 82 59 1.3%
20 - 50 0 0 0 0 0 -
All stratum 77 0 0 77 45 1.71

loz?



iii} Sex ratio by size class
Data oblained in all seasons througli the multi-item biological measurement were grouped into
cach 2 em size class. Frequency of number of individual; in these groups by sex {male, female,
indeterminate) is presented in Fighrc 36. A size-deﬁendent cbang_c in sex ratio was not observed in each
season; however, in the classes except some ones above 34 cm there was :a prcdominanoé 6f females in
the Phase 2 Dry Scason. On the other hand, sex corﬁposition in tenﬁs of the pravioustjr defined
categories of small (uﬁdcr 20 ¢cm), intcrrnedi ate-size and Iafgb ﬂsﬁ {50 cm being established as a fower

boundary for the latter, for convenience) was as follows, in survey order (M, male; F, female; I,

indcterminate sex):

(1) small fish

M 0% F 0% 1 100% MI15% F 5% 1380% M 0% F 1% 1 99%
{2) intermediate-size fish

M40% F 43% I 18% M 37% F 50% 113% M 34% F 5%% [ 7
(3) targe fish

M44% F 55% 1 1% M45% F S5% 1 0% M 38% F 62% 1 0%

b-7) Feeding habits _

Table 40 presents ﬂw results of stom;u:h contents analysis via ;Hc occurrence method. Seventy to
eighty percent of the examined stomachs were empty. An overtumed stomach was 6bse.n'ed from an
individual during the Phase 2 Dry Season Survey. Dourada fed mainly on fish, and sometimes on shrimp,
regardless of season. Most of the unidentified stomach contents referred io small fish under 20 cm: these

small dourada probably feed on microbenthos just like piramutaba.

Table 40. Stomach contents of Dourada Brachyplatystoma flavicans.

Phase Survey Number of Emply Evert Stomach contents by the occurrence method (%)

season specimens stomach rate Fish Crustacea Unidentified
rate {%) (%) Shrimp  Isepoda
1 Dry 194 82 69 3 3 25
2 Rainy 440 71 : 72 : il 18
Dry 310 78 0.1 67 10 : 22

(74
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Figure 36. Frequency of male, female and indeterminate sex individuals by length class for

Dourada Brachyplatystoma flavicans. (A) Phase | Dry Season Survey; (B) Phase 2

Rainy Season Survey; (C) Phase 2 Dry Scason Survey.
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{¢) Filhote Brachyplatystoma filamentosum
¢-1) Body tength range and mean body length

Table 41 shows fork lcnglh rangc and mean fork length values for fithote. The numbcr of
capturcd ﬁlhote specimens was 3 in cach Dry Scason and 12 in the Rainy Season, making up a total of 18
— much lower than that of the previous Bvo species. Thus, only overall body length is analyzed here,
without éonsidr:ring its variatioﬁ by stratum or water mass region. Throughout the surveys the maximum
size found was 670 mm, and the minimum size 140 mm,  Specimens in the 90-140 ¢m range tike lhosc
obsened at the Vcr-o-Peso Market i in Bclem (sce Flgurr, 123} were not found in the survey arca. On the
other hand, the existence of young fish measurmg about 15 cm could be confirmed. Mean fork fength was

larger in the Rainy Scason (42 ¢m) than in the Dry Seasons (34 cm and 37 cm).

Table 41. Range and mean bedy length for Fithote Brachypiatystoma filamentosum. {A) Phase 1 Dry
Season Survey; (B) Phase 2 Rainy Season Sun'é)’; (C) Phase 2 Dry Season Survey. Water

mass regions: RW, river waters; BW, brackish waters. OW, ocean waters.

{A) , : - . ‘ .

Fork length Stratum ( 1sobalh tangeinm) : Water mass .
Cinmm . 5-10 10-20 . 20-50 RW  BW  OW
Minimum . 610 © - 140 - 140 610 .
Maximum 610 260 _ 60 610 .
Mean 610 . 200 - 200 610 -

Al area : Min. 140, Max. 610 Mean 337

(B)
Fork fength Stratum ( isobath range inm ) Water mass
in mm 5410 S 10-20  20-50 RW BW ow
 Minimum 159 - R 159 250 -
Maxinwum 6570 - - 670 ' 635 - -
Mean 424 ; ) 426 .42 -

Allare’a Min. 159, Max. 67{) , Mean 424

(©)
Fork length ~ Stratum { isobath range inm) Water mass
in mm 5-10 10 - 20 20-50 RW BW oW
Minimum 285 - . 285 . -
Maximum 460 - - 460 - -
Mean 365 - - 165 - -

‘All area : Min. 285, Max. 460, Mean 365

o



" ¢-2) Relationship between bottom salinity and size
Figure 37 shows the relationship between satinity of the bottom layer and size for fithote. Witha

single éxteption, fish of all sizes were distributed where salinity was less than 3 psu, particularly inniver

waters (< | psu).

o ) o Phase 1 D1y Seasen
300 ——— T # Phase 2 Rainy Season
: : i : { % Phase 2 Dry Season
- O ] . : E T
E P e :
L
s | x .
= °
2 & o
= p H
% $
& 5 e
8
0 ¥ Y + t t +— t +
0 5 10 is 20 15 3o 35 40

Bottom salinity {psu)

 Figure 37. Relationship between bottom salinity and size in Fithote

Brachyplatystoma filamentosum.

c-3) Size corhposition
Figure 38 shows the size composition for filhote, with data obtained from the multi-item

biological measurement. Data were insufficient for an analysis of the characteristics of size composition.

c-4) Body length and weight relationship
Figure 39 summarizes the relationship between fork length and body weight for fithote,

determined from data obtained through the multi-item biological measurement; insufficiency of samples
rr;ade it ﬁ:ecessar)' to combine data from ali three seasons. The resulting regression equation for the total
aumber of male, female and sexually indeltcn'ninate individvals was:
| ‘ BW =9 x FL**" x 10° (1 = 0.995)
1 x.\'hrich closcly resembles that established by Barthem et al. (1997) as BW = 13.6 x FL?** x 10°
C(r=0966). | |

it
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Figure 38, Continued
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Figure 39. Relationship between fork length and body weight for Filhote Brachyplatystoma

filamentosum. Data combined from all three seasenal surveys.

¢-5) Body length and weight by sex
Table 42 summarizes fork length and body weight by sex for fithote. _Although the sample was
small, a tendency of females to grow larger than males was observed. Minimum size for visual detection of

sexual dimorphism was smaller in males than in females. Data are insufficient to determine whether males

mature earlier.

Table 42. Body length and weiglt by sex for Fithote Brachyplatystoma filamentosum. (A) Phase 1

Dry Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.

(A)
Sex . Fork length in mm Body weight in g
Range Mean Range Mean
Male - -
Female 610 610 4,380 ' 4,380
Indcterminate 140 and 260 200 40 and 200 120
{8
Sex . Porklengthinmm Body weight in g
Range Mean Range Mean
Male 250 - 670 426 180 - 3,640 1,245
Female 325 - 635 4156 470 - 2,960 1,668
__Indeterminate 159 159 46 46
() o :
Sex Fork length in mm Body weightin g
Range Mcan Range Mean
Male 285 285 200 220
Female 350 - 460 405 : 500 - 1,130 815
Indeterminate - - - ' -




¢-6) Sex ratio and female maturity stage
Table 43 summarizes sex ratio and female maturity stage for filhote. The small sample sizc of 18
individuals prevented an accurate determination of sex ratio. Captured specimens were 7 males, 8 females

and 3 indeterminate. Al females were immature.

Table 43. Sex ratio and female maturity stage for Fithote Brachyplatystoma ﬁ!amenlos#m (A} Phase
1 Dry Scason Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.

(A)

 Stratum Number of female @ by maturity slage Number of  Sex ralio
(isobathrangein m) Immature  Semi-mature  Mature Total male & S RAh
5.0 13 0 0 3 0 -
10-20 [ o 0 0 0 -
_20-50 0 0 0 0 0 -
Al siratum 43 0 0 4 0 -
(8)
Stratum Nuber of female ? by matunity stage Numberof  Sex ratio
(isobalh range inm ) Immature  Semi-mature  Mature Total male o $1d
5-10 7 0 0 7 10 0.70
10-20 a 0 0 0 o -
20- 50 0 0 0 o 0
All stratem 7 0 0 7 10 0.70
©
Stratum o Numnber of female ¥ by maturity stage Number of _ Sex ralio
(iscbathrangeinm) Immature Semi-mature  Mature  Total male o* it
5-10 20 0 0 20 10 2.00
10 - 20 0 0 0 0 0 -
20 - 50 0 o 0 0 0
All stratum 20 0 0 20 10 2.00

¢-7) Feeding habits
Table 44 shows the results of stomach contcnts analysis via the occurrence method. Frequency
of empty stomachs was 0% in the Phase 1 Dry Scason, 50% in the Phase 2 Rainy Season and 67% in

the Phase 2 Dry Season. Filhote would invariably feed on fish, and sometimes shrimp.

Table 44. Stomach contents of Fithote Brachyplatystoma filamentosum.

Phase Survey  Numberof Empty stomach Stomach contents by the occurrence method (%)

season  specimens rate { %) Fish Shrimp
1 Dry 3 0 67 33
2 Rainy 12 50 g3 i7
Dry 3 67 100

s



(d) Pescada branca Plagioscion squamosissimus

d-1) Body length range and mean body l_ength - .
Table 45 shows total length range and mean total length values for pescada branca.
i) Ov;:rél_i body length | | _ |
Throughout the surveys the maximum size found was 672 mm, anél the minimum sizé 63 mm.
The maximum éizc was close to that obscr_vccl in Mésqueiro and Ver-o-Peso (Figure 124). Mean total
length was larger in the Rainy Scason (36 cri) than in the Dry Seasons {20 cm and 22 om)
il) Size variation _by water masé, region
Mean total length was, except for :Ihé Phase 1 Dry Season, larger in brackish waters than in aiver
waters, the difference being more accentuated in the Dry Seasons. Maximum and minimim sizes, with

a single exception, were found in brackish waters.

Table 45. Range and mean body length for Pescada branca Plagioscion squamosissimus. (A) Phase 1

(7

Dry Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey. Water

mass regions: RW, river waters; BW, brackish waters. OW, ocean waters.

{A)
Tolal length Stratum ( isobath range inm ) Water mass o
inmm 5-10 10-20  20-50 RW BW ow
Minimum 87 - - 163 87 -
Maximum N - - 522 573 -
Mean 215 - - 377 150 -
‘Altarea - Min. 87, Max. 573, Mean 215 T B
B)
Total length Stratum (isobathrangeinm) Water mass
in mm 5-10  10-20 6-50  RW BW oW
Minimum 82 - - 1206 82 -
Maximum 672 - - 580 672 -
- Mean 358 - - 336 407 -
All area : Min. 82, Max. 672, Mean 358 B
© - | .
Total Iength Stgatum { isobath range inm) Waler mass
in mim 5-10 10-20 20-350 RW BW oW
Minimum 63 - - 63 290 -
Maximum 645 - - 590 645 -
Mean 203 - - 156 533 -
All area : Min. 63, Max. 645, Mean 203




d-23 Relalioﬁéhip between bottom salinity and size
Flgure 40 shou.s the relanonshlp between salinity of the bottom layer and size for pescada
branca. lndmduats of all sizes were concentrated in river w aters, but small fish of about 20 cm were where
sah_mty was up to 10 psv, whilc large ones of about 60 cm would spread out into places where salinity

would register near 15 psu.

‘ o Phase 1 Dry Season
800 o Phase 2 Rainy Season

: | i : % Phase 2 Dry Season
c . Y. a o
B fe
g
L : box
5
S ¥
o i : i H :

0 L) 18 15 20 25 30 35 40
Bottom salinity (psu)

Figure 40. Relationship between bottom salinity and size in Pescada branca Plagioscion squamaosissimus.

- d-3) Size obmposition

Figure 41 illustrates the size composition for pescada branca, with data taken via the multi-item
biological measurement.

Size camposition for this spocics was obtained only in the 5-10 m stratum. In all survey seasons, size
composition exhibited poly-modal distrnbution, but there were not cnough data to establish an accurate
distribution pattern. Size compaosition of pescada branca revealed this stock was mostly formed by small fish
(predominant mode at 10-12 cm class) in the Dry Scasons, and small fish (dominant mode at 12--14 em class)
and large fish (dominant mode at 50-52 cm class) in the Rainy Season.

d-4) Body lenglh and weight relationship
Figure 42 summarizes the relationship between total fength and body weight for pescada branca,
detc_:mlined from data oblained through the multi-item biological measurement. Resulting regression

equations for the total number of male, fomale and sexually indeterminate individuals were:

Phase 1 D_ry Season Survey: ' B\:V =9 x TL™" x 10 (r = 0,996)
Phase 2 Rainy Season Survey: BW =8 x TL*** x 10® (r = 0.994)
 Phase 2 Dry Scason Survey: BW =7 x T3 x 10° (r = 0.994)

These equations are very similar to each other and also resemble those established by Le
Guenncc (1985) as Bw =1343 TL*® % 107 (r = 0.997) in Bolivian Amazonia.

7
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Figurc 41, Continued
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d-5) Body le'ngth and weight by sex
Taf:lé 46 sunﬁhén’zeg total length and body weight by sex for pescada branca. With one
cxception (a smglc male specimen) in the Phasc 2 Dry Scason mean total length and mean weight was
larger in females than in malcs Dev dopment of reproductwe organs alowing visua! dctectlon of sexual
dimorphism started around 15 cm and 30 g for both sexes. The amphtudc of mdmduat variation in the
development of reproductive organs was suggested by the occurrence of sexually indcterminate

individuas of 40 cm (Figure 43) or 600 g.

Table 46. Bady ‘englh and weight by sex for Pescada branca Plagiescion squamosissimus. (A) Phase

1 Dry Season Surve;ﬁ {(B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Seasan Survey.

(A)
Sex Total length in mm o Body weight ing
Range Mean Range Mean
Maic 145 - 522 KX ] 32-1,300 666
Female 410 - 513 455 550 -2,150 1,267
Indeterminate B7-368 147 5- 300 48
(B) B _
Sex N Total leagth in mm Body weight in g
: Range Mean Range Mean
Male 147 - 597 344 27-2,020 707
Female 139-672 472 24-3,350 1,543
__Indeterminate 82 - 385 I 4- 640 103
(C) ) .
Sex Total length in mm o Body weightin g
Range Mean Range Mean
" Male T es 6ts 2,100 2,100
Female 485 - 600 568 1,000 - 2,250 1,860
Indeterminate 63 - 2% 133 2- 260 33

d-6) Sex ratio and female maturity stage

i) Sex ratio and female maturity stage
Table 47 summarizes sex ratio and female maturity stage for pescada branca. Overall sex ratio
was 1.50, 1.2] and_S;OO in survey order, but the reliability of those numbcrs is questionable due to
insufficient data. Mature females were observed in the Phase 1 Dry Scason and in the Phase 2 Rainy
Secason. In the Phase 1 Dry Scason ovaries indicating post-spawning (spent) condition were also found.
Females in tlie Phase 2 Dry Scason were immature 6r semi-mature. This docs not allow one to
necessarily conclude that the survey area is a spawning ground for pescada branca, as the inland
(frcsh\\'ate.r) gco_graphic;ﬂ distribution of the individual population inhabiting the survey arca is

unknown, much as the subpopulation distribution or the life history of the specics.

el



Table 47. Sex ratio and female maturity stage for Pescada branca Plagioscion squamosissimus. (A) Phase 1

Dry Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phasc 2 Dry Season Survey.

A) L L : :
) Stratum L Number of female € by maturity stage -~ Number of Sex ratio
(isobath range in m ) Immature Semi-mature Mature Spent  Total maled® % /9
T 5.0 0 5 5 B 1 10 . L50
10-20 .0 0 Q 0 B ' 0
20 - 50 0 0 0 0 0 0
All stratum o 5 5 5 5 10 150
B) _
Stratum . - . Number of female by maturity stage - Number of Sex ratio
( isobath range ia m } Immature Semi-mature Mature  Spent Total maled® £ / o
5-10 9 2 6 0 17 14 1.21
10-20 0 0 0 Q 0 ¢
20-50 0 0 0 1] . D 0
All stratum 9 2 6 0 17 14 1.21
Stratum Numbet of female by maturity stage Numberof _ Sex ratio
{ isobath range in m )_ Immature  Semi-mature  Mature Spemt Total male & £/
510 } I T 0 5 1 5.00
10-20 0 0 0 0 0 0 -
20 -50 1] ' 0 0 0 0 0 -
All stratum 1 4 0 0 5 1 5.00

i) Sex ratio by size class
Data obtained in all seasons through the multi-item biological measurement were grouped into
each 2 cm size classes. Frequency of number of individuals in these groups by sex (male, female,
indetermindte) is presented in Figure 43. Seasonal data were insufficient to verify the occurrence of
size-dependent change in sex ratio. Size groups were defined as follows: small fish, under 20 cm;
intermediate-size fish, in the 20-40 ¢m range; and large fish, over 40 cm. Sex composition of those
groups (M, male; F, female; 1, indeterminate sex) was as follows, in survey order, with femate maturnity

condition indicated in parentheses in the following order: tmumature - semi-mature - mature - spent.

(1) small fish : : T
M 6% F 0% _ I 94%
M 28% F 15% (100% - 0% - 0% - 0% [ 57%
M 0% F 0% : ' [ 160%
(2) intermediate-size fish ' ‘ _ ' . ‘
M 0% F 0% ' 1 100%
M 16% F 27%(100% - 0% - 0% - 0%) 1 27%
‘ M 0% F 0% - , 1 100%
{3) large fish ' ‘

32% - 32% -36%) 1 0%
19% - 45% - 0%) | 0%
$1% - 0% - 0%) | 0%

M 2% F 76% ( 0%
M 31% F 69% (36%
M 17% F 8% (15%

+
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Figure 43. Frequency of male, female and indeterminate sex individuals by leagth ciass for Pescada

branca Plagioscion squamosissimus. (A) Phase 1 Dry Season Survey; (B) Phase 2 Rainy

Season Survey; (C) Phase 2 Dry Season Survey.
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d-7) Feeding habits

Table 48 presents the results of stomach contents analysis via the occurrence method. The rate
of emply stomachs '_l;'«'as, in survey order, 24%, 59% and 53%. Pescada branca fed on fish and/or shrimp,

regardless of scason. Most of the unidentificd stomach contents referred to fish under 10 cm

Table 48. Stomach contents of Pescada branca Plagioscion squamosissimus.

Phase Survey  Numberof  Emply stomach Stomach contents by the occurrence method (%)

season specimens rate { %) ~ Fish Shrimp ~ Unidenlified
Y Dy N U 13 T
2 Rainy 58 59 : 36 20 44
Dry 32 53 _ 19 56 35

{e) Pescada amarela Cynascion acoupa
e-l) Body length range and mean body length

Table 49 shows total length range and mean fork leagth valucs ﬁ)r pescada amarela.
i) Overall body length L
Throughout the surveys the maximum size found was 1 ,180 mm, and the minimum size 640 mm

Sizes smaller than 50cm hkc thosc seen in Braganca (Figure 125) were not found in the survey area.
Mean total length was in the 92-%4 ¢cm range and there was no appreciable seasonal differences.
i) Size variation by stratum
Mean total length was found to depend on depth, the fish .becoming progressively larger from
shallow to deep strata.
i1t) Size variation by water mass region

In all seasons, mean total length was larger in ocean waters than in brackish waters by an order
of 12-17 em.

Table 49. Range and mean body length for Pescada amarela Cynoscion aéoupa. (A) Phase 1 Dry
Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey. Water

mass regions: R, river waters; BW, brackish waters. OW, ocean waters.

(A) .
Total tength Stratum ( isobath range inm ) Waler mass
) inmm 5-10 10-20  20-50 RW Bw . oW
Minimum 683 382 ) - 688 880
Maximum 931 1,020 1,125 - 1,020 1,125
 Mean 70 965 1003 - %6 - 1003
Allarea: Mm 68§ Max. 1,125, \Iean 925




Table 49, Continued

(B) ] _
Total length  Stratum (isobath range in m ) Water mass o
in mm . 10 10-20  20-50 RW BW  OW
~ Minimum 715 640 955 . 640 955
Maximum 1,010 1,180 955 - 1,080 1,180
Mean 882 926 955 - 900 1,068
All area : Min. 640, Max. 1,180, Mean 920 e
©
Total tength  ~ Stratum (isobath range inm) Water mass
in mm 5-10 10 - 20 20 - 50 RW BW ow
Minimum 660 710 930 - 660 528
Maximum 1,100 1,180 990 . 1,100 1,180
Mean 853 982 990 - 887 1,007

All area : Min. 660, Max. 1,180, Mean 935

¢-2) Relationship between bottom salinity and size

Flgure 44 shows the relationship between salinity of the boltom layer and size for pescada

arnarela lndlwduals in the 60-120 cm size range were concentrated in waters with a satinity above 20 psu,

patticularly in highly saline places of over 30 psu.

5,200

1,900 -

600

100

Total length in mm

180

© Phase 1 Dry Season

8§60

# Phase 2 Rainy Season &%
w Phase 2 Bry Season x .‘ g ;
Ko gty xd 2
: Ko
s X
0 5 10 15 pit) 25 30 33 40

Bottom salinity (psu)

Figure 44. Relationship between bottom salinity and size in pescada amarcla Cynascion acoupa.,

e-3) Size composnllon

Figure 45 illustrates lhe size composition for pcscada amarela, with body length data taken via the

mulu-ltem btologxcai measurcment. In all survey seasons, overall size composmon cxiubited pol) -modal

distribution, with the mode in cach stratum tending to be depth-dependent. However, the limited number of

samples, particularly the absence of specimens under 60 cm, precluded an accurate analysis of distribution.
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Figure 4S. Sizc composition for Pescada amarela Cynoscion acoupa. (A). Phase | bry Season Survey; (B)

Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.
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Figurc 45, Continued
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¢-4) Body length and wcight relationship _ N _

Figure 46 summarizes the ré!aiionship between total length and body weight for pescada
amare¢la, determined from data ebtained t.h'rough the nmlti-item biological medsureincnt; insufficiency of
samples madg it necessary 1o comBinb data from alt fhrcc scasons. The resulting regression ccjuaﬁon for
the total number of male and female individuals was: '

BW =6 x TL™® x 10° (r=0957)
15,000 -

W= 6E_0'5L2.7380 i

R = 0.957
10000 |- n=59

12,500 §---

Body weight (g

0 - —— |
0 200 400 600 . 800 1,000 1,200
‘Total kength (mm) _'
Figure 46. Relationship between total length and body weight for Pescada amarela
Cyrnoscion acoupa. Data combined from all three seasonal surveys.

¢-3) Body length and weight by sex _
Table 50 summarizes total length and body weight by sex for pescada amarela. Except in the Phase 1
Dry Scason, mean size for females was larger than that for males overall. Sexual difference in size was attained

at around 20 cm and 4 kg in the Rainy Season. No specimens with indetcrminate sex were found.

Table 50. Body lengih and neight by sex for Pescada amarela Cyrnoscion aceupa. (A) Phase 1 Dry
Season Survey; (B) Phase 2 Rainy Season Survey; {C) Phase 2 Dry Season Survey.

(A)
Sex “fal-::lii;:"hglh in mm Body i\tighl ing
Range Mean Range Mean
Male 722 - 1,125 946 3,400 - 9,400 7498
Female 688 - 990 883 2,500-9000 6425
B) . ' S
Sex Total length in mm| Body weightin g
o ___Range Mean ‘Range = Mean
Male  610-1,025 813 .  3.400. 9,500 5,379
___Female 920 - 1,180 1,014 © - 5,300-11,700 9,367
Sex ~ Total lengihin mm Body weighting -
L  Range Mean Range - Mean
Male 660 - 1,180 916 ;2,720 - 14,000 8,041
_ Female  710-1100 957 4.600 - 14,000 8,753




¢-6) Scx ratio and female maturity stage
Table 51 summarizes sex ratio and female maturity stage for pescada amarela. Overall sex ratio

was 0.36, 1.50 and 0.64 respectively in survey order, but the reliability of those numbers is questionable

due to insufficient data. Mature females were obscrved throughout the surveys.

Table S1. Sex ratio and female maturity stage for Pescada amarela Cynoscion acoupa. (A) Phase 1

Dry Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.

(A) ‘ S
Stratum Number of female by maturity stage ~ Numberof _ Sex ratio
(iscbath rangeinm) Immature  Semi-mature  Matuge Total mate IF
- 5-10 3 0 0 3 9 033
10 - 20 2 2 2 6 10 0.60
20 - 50 0 0 o o 23 -
All stratum 2 1 1 4 | 3 036
B ] :
Stratum ___ Number of female £ by maturity stage Number of Sex ratio
(isobath range inm ) lmmature Semi-mature Mature  Total males® & / &
5-10 0 0 8 8 2 100
10-20 0 7 2 9 8 113
20 - 50 0 16 0 16 0 -
All stratum 0 6 3.2 6 1.50
(©)
Stratum Number of female ¢ by maturity stage Number of _ Sexratio
{isobath range inm } Jmmature  Scmi-mature  Mature Total male & 2/
5-10 0 12 3 15 8 1.88
10 - 20 0 5 H 6 17 .35
20 - 50 0 0 0 0 25 -
All stratum 0 7 2 9 14 0.64

e-7) Feeding habits

Table 52 presents the results of stomach contents analysis via the occurrence method. The rate
of empty stemachs was about 40% in cach seasen. Overtumed stomachs were observed for 6 individuals

in the Phase 2 Dry Scason Survey. Pescada amarela fed on fish and occasionally on shrimp, regardless of

S€as0n.

Table 52. Stemach contenis of Pescada amarela Cynoscion acoupa.

Phase Survey Nuinber of Empty stomach Evert ratc Sloﬁt;;_gl_p_contenlilgy the cocurrence method (%)

- scason  specimens rate(%) {%4) Fish Shrimp .
1 Dry 12 42 100 0
2 Rainy 17 35 83 i7
Dry 30 10 20 - 19 1
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{f} Pescadinha gé Mat‘rodén ancylédon
f-1) Body lehgth raﬁge and mcan body length
Table 53 shows tolal length range and mean total kength vatugs for pescadinha go.
i) Overall body length
Throughﬁut the surveys the maximum size found was 385 mm, and the minimum size 38 mm,
Maxifnum size Qvas similar to !h’ét found at Ver-0-Peso (see Figure 126). Mean total length wﬁs in the
16-17 cm range, with no particular regard to season.
iij éiie variation by stratum o _
~ Mean totat length was depth-dependent in éll seasons, generally growing from shallower (14—
15 cm) to dccpc'f (19 cm) strata. '
i) Size variation by water mass region
Mean total length was, for all scasonal surveys, larger in ocean than in brackish waters, the

difference being in the order of 2-3 cm.

Table 53. Range and mean body length for Pescadinha gé Macrodon ancylodon. (A) Phase 1 Dry Season
Sufvc_v; {B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey. Water mass

regions: RW, river waters; BW, brackish waters. OW, ocean waters,

(A) : :
Total length Stratum (isobath range inm) Water mass
inmm 5.10 1020 20 - 50 RW BW - QW
Minimum 49 58 66 . 19 60
Maximum 326 375 345 . 375 363
Mean © 135 174 185 - 156 178
All area : Min. 49, Max. 375, Mean 160 o
B . -
Total length Stratum {isobath range inm) Water mass
n mm 5-10 10- 20 20-50 RW BW - OW
Minimum G4 63 90 - _ 64 63
Maximum 344 385 311 - . a8s 865
Mean 152 162 191 ' - 156 - © 186
All area : Min. 63, Max. 385, Mean 181
(©) _
‘Total length Stratum { isobath range in m) Water mass
mmm 5-10  10-%20 20-50 RW " BW oW
Minimum 38 1 90 - .38 11
Maximum 337 374 " 320 - 374 360
~_ Mean 143 176 191 - 161 180

All area : Min. 38, Max_374, Mean 167
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f-2) Rclattonsh:p bet\\ccn bottom sahmt) and size
Figure 47 shm\ 8 (hc rclatlonshlp between qahnlty of the bottom layer and size for pcbcadmha g0
Specimens under 20 em were well spread oul, from estuarine sites greatly mﬂucnccd by river waters
(salinity around 2 psu) to ocean waters (around 36 psu). Individual disteibution of fish over 20 cm

in size reflected dependency on salinity — the larger the size, the more saline their habitat.

500 O Phase | Dry Season
# Phase 2 Rainy S¢ason
: { : x Phase 2 Dry Season
g :
E : ; : .
2 3p0 |- SRTE SPNATES A g ) S S .
-8 : : H : K - .
B L Dy xYe SERAOE AN
] { { R q . > i L
: 200 ,.é‘ . . : . - .. Lt g h . J.
3 s . i
<] i . . SR :
o : : ; H v
100 4 i oo ™. J . ; i : . S
. : -
L -

0 s 10 15 10 25 30 35 40
Bottom salinity (psu)

Figure 47. Relationship between bottom salinity and size in Pescadinha gé

Mucrodon ancylodon.

f-3) Size composition
Figurc 48 shows the sizc composition for pescadinha go, with body length data taken via both the
measuring-card pﬁnching method and the multi-item biological measurement.
1) Overall size composition
Disregarding some low-peak, poorly defined modes, overall size composttion cxhibited a
distribution that can be considered mono-modal, with 2 mode between 15-18 cm classes, in all survey
scasons. Pescadinha 8o stocks were mainly formed by intermediate-size fish with a above-mentioned
mod. . :
i) Size compositio-n by s~tratum
In the samef génditi_ons as above, size composition by stratum in all survey scasons had a
mono-modal distrib_ﬁtion. For each survey scason, the predominant mode c;fass by stratum was found to
be d¢pth-depchdcnt,. its becoming larger from shalow to deep strata. Therefore, pcécadinha g0 stocks

comprised larger individuals as depth increased.
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Figure 48. Continued
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f-4) Body length and weight rc!atiénship

Figure 49 summarizes the rcléfionship between total length and body wcight for pescadinha go,
determined from data obtained through the multi-item biclogical measurement. Resulting regression

equations for the total number of male, female and sexually indeterminate individuals were:

Phase 1 Dry Season Survey: BW =8 x TL>"** x 1077 (r = 0.991)
Phase 2 Rainy Season Survey: BW =7 x TL**" %107 (r = 0.993)
Phase 2 Dry Season Survey: | BW =1 x TL** x 10 (r = 0.989)

Thesc equations are very similar to each other.

f-5) Body length and weight by sex
Table 54 summarizes total Iength and body weight by sex for pescadinha gé. In all survey
seasons, mean total length and mean weight was targer in fcrﬁaies_ Lhan in males. Differences between sexcs
were around 3 cm and 30-40 g overall, except in the Phasé 2 Dry Séason, where it was not as pronounced
as in the previous Phase at 2 mm and 13 g. Development of reproductive organs allowing visually
detectable sexual dimorphism started around 8 cm and 3 g for both sexes. Amplitude of individual

variation in the development of reproductive organs was suggeswd by the occurrence of sexually

indeterminate individuals of 20 cm (see Figure 50) or 100 g.

Table 54. Body length and weight by sex for Pesca.dinha gd Macredon ancylodon. (A)

Phase I Dry Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry
Season Survey.

(A) ‘
Sex Total length in mm . Body weighting
Range Mean Range ~ Mean
Male 93 . 295 160 4:205 29
Female 83.375 190 4-193 68
Indelerminate 49 - 193 107 0.4-48 8
(B) ‘ _
) Sex Total length in mm - Body weight in g
Range Mean Range Mean
Male 102 - 335 157 5-403 3
Female 101 - 385 134 - 7-559 62
Indeterminate 63-216 117 1-82 11
© L ‘
Sex Totat length in mn © Body weighting
Range Mean Range Mean
Mate 85-31 195 ‘ 3-302 ’ 58
Female 107 - 374 197 6-49% 7t
_Meterminate  38-201 19 03-106 . 12
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Figure 49, Relationship between ld!a_l length and body weight for Pescadinha g6 Macrodon ancylodon. (A)
Phase 1 Dry Season Survey;(B)A Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.
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f-6) Sex ratio and female maturity stage ,

Table S5 summarizes sex ratio and female maturity stage for pescadinha gé.

i} O\'cfai! $ex ratio _

Overall sex ratio was 1.08, 1.45 and 1,04 in survey order — equal presence of both sexes except
mn the faihy season. In cach scason, the majority of females were immature, followed by semi-mature
{or in m:.ituration) and mature. The ratio of semi_-mature and mature females was higher in the Dry
Scasons, particularly in Phase 2, than that in the Rainy Season.

1} Sex ratio by stratum . _

Sex ratio in the 'Dry Scasons was found to be depth-dependent, bul. in .oppositc directions
according to Phase 1 or 2. In the Phase | Dry Sca_soh, from the shatlow to the dccb étrata, there was
predominance of males, equal representation o.f both séxcs and.predominance_of females; while in the
Phase 2 the order was reversed: predonunance of females, equal representation of both sexes and
prcdcminancc of males. In the Rainy Season, females predominated in every stratum, and strikingly so
in the 5-10 m stratum. Female maturity rate was depth-dependent (“mature” including also serni-
mature individuals), growing positively along with depth; this depth-dependency was more pronounced
in the Phase 2 Dry; Season. Fermales showing ovaries ina post-Spa\ining condition were few and could
be observed in the Phase 1 Dry Season and in the Phase 2 Rainy Season. These résu!ts and the presence
n the size composition of newborn fry of about 5 cm leads to hypothesize thdt pcsce_\dinha £6 could

spawn the year round in the survey area — particularly in the Dry Season, near the offshore.

Table 55, Sex ratio and female maturity stage for Pescadinha g6 Macrodon ancylodon. (A) Phase t Dry
Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.

(A)
Stratum ~ Numberoffemale ¥ by maturitystage ~~ Numberof  Sex ratio _
(isobath rangeinm) Immature  Semi-mature  Mature  Spent Tota?!  mak A
5-10 263 17 3 2 285 341 0.84
10-20 806 158 57 7 1,028 934 110
20 - 50 563 185 0 0 748 339 221
A_" stratum 586 106 33 5 730 673 1.08
{B) :
Stratum Number of female ¥ by maturity stage Number of Sexratio
(isobathrangeinm} Immature  Semi-mature Mature Spent Total maled® 2 / &
5-10 240 61 3 0 2,505 1472 170
10- 20 2,516 137 96 1 2,750 2,066 1.33
20- 50 3,169 G631 a2 0 4,102 3,085 1.36
Al stratum ~ 25% 159 56 <i 2,805 1,929 145
©_ - | -
Stratum Number of female £ by maturity stage _ Numberof  Sexratio
(isobathrangeinm) Jmmature  Semi-mature Mature  Spent Total maled  $ /&
5-10 254 3 ¢ 0 3 125 2.62
10- 20 §,169 909 235 0 2,313 2,214 1.04
_20-50 299 I . || 0 725 1,156 0.63
_Allstratum 732 548 127 0 1407 1,348 S 104
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iit) Sex ratio by size class

Data obtained in all scasons through the multi-item biological measurement werc grouped into
each } em size class. Frequency of number of individuals in these groups by sex — male, female
(separated by maturity stage), indeterminate — is presented in Figura 50. A sizc-dcpcndcﬁl change in
sex ratio was observed in cach season. Percentage of females in the Phasc l i)ry Season decrcased from
100% to 30% inthe 7-14 em length classes, while it grew back from 30% to 100%in the length classes
ovee 14 cm. In the Phase 2 Rainy Scason, m’alcs;and fé_male,s were equally represented in the 9-20 em
length c!asées, bat from then on the proportion of females gfe\{.' from 50% to 100%. Similarly, an cqual
distribution betwcen the sexes for fishin the 10-25 em classes in the Phase 2 Dry Scason was followed
above that limit by a female prcéence with up-and-down from 40% to 100%. Female maturity rate (the
total number of “mature” and “semi-mature™) tended to be size-dependent, being higher the larger the
fish. Pescadinha go Stc_n:ks in num!ﬁer were composed mainly by intermediate-size fish with a single
mode between the IS—IISI cm length classes. Sex cémpbsition and female maturation stage for small
(<10 cm),-intennediate-size (1020 cm) and targe (>20 cm) fish are respectively given below, in survey
order, with female maturity condition indicated in parentheses in the following order: immatuce -

semi-mature - maturg - spent.

{1) smatl fish ‘ :
M 4% F 5% (100% - 0% - 0% -0%) I 90%
M 0% F 0% , I 100%
M 4% F 0% I 9%
(2) intermediate-size fish
M 50% F 37%({ 93% - 6% - 1% - 0%) I 13%
M 41% F 40%(99.3% - 0.2% - 0% - 0%) I 18%
M 38% F 34%( 78% - 22% - 0% - 0%) I 2%%
(3) targe fish
M 8% F B2% {59% - 29% - 10% - 2%) I %
M 21% F 78% (83% - 13% - 5% - %) I 1%
M 44% F 356% (26% - 56% - 18% - 0%) I 04%

f-7) Feeding habits _
7 Table 56 presents the results of stomach ‘contlénts analysis via the occurrence method.
Individuals with empty stomachs weie less frequent in the Rainy Season (42%) than in the Dry Scasons

{59% and 66%). Pescadinha go fed mainly on shrimp regardless of season.

Table 56, Stomach contents of Pescadinha gb Macrodon ancylodon.

Phase Survey Numberof = Emply -~ Stomach contentsby the occurrence method (%)
season  specimens  stomach  Fish ) Crustacea Unidentifiad
‘ rate { %) Shrimp "Crab Mantis shiaimp  Other _
1 by 1265 59 10 33 02 0.3 36
2 Rainy 1,762 42 9 52 1 0.1 0.2 39

Dry 1,755 66 8 6 1 0.5 15
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{g) Gurijuba Arius parkeri
2-1) Body length range and mean body tength
Table 57 shows fork length range and mean fork length values for gurijuba.
i) Overall body length
Throughout the surveys the maximum size found was 1,325 mm, and the mininuim size 124 mm.
Maximum size was much larger than those in the 84-86 cm range seen at Vigia or Ver-o-Peso {se¢
Figure 127). Mean fﬁrk leagth for all seésdns was between 48-53 cm, larger in the Dry Scasons.
it) Size variatibn ‘by stratum
Mean fork length was found to Be deplh-dej}cndcut, but in diametrically opposed directions
according to the season: it increased with depth in the Dry Scasons, but decreased in the Rainy Season.
ii1) Size varjatioh by water mass region

Mecan fork length was, for all seasonal surveys, larger in ocean than in brackish waters.

Table §7. Range and mean body length for Gurijuba Arius parkeri. (A) Phase 1 Dry Season Survey;
{B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey. Water mass regions:

RW, river waters; BW, brackish waters. OW, ocean waters.

{A)
Fork length Stratum { isobath range in m) o Water mass
inmm 5-10 10 -20 20 - 50 RW BW ow i
Minimum 180 201 600 - 180 430
Maximum 161 1,325 767 - 970 1,325
Mean 458 564 612 - 502 704
All area : Min. 180, Max. 1,325, Mcan 523 T
(B) o
Fork lengt Stratum (isobath range inm ) o Water mass
in mm 5-10 10 - 20 20 - 50 RW BW oW
Minimum 135 124 124 - 128 124
Maximum 1,150 1,075 735 - 1,150 830
Mean 498 - 484 436 - 484 U
All arca : Min. 124, Max. 1,150, Mean 489 -
© —. I
Fork length Stratum { isobath range in m ) Water mass o
in mm 5-10 10 - 20 20-50 RW  BW ow
Migimum - 176 176 390 - 176 203
© Maximum 910 930 855 - 915 950
Mean 515 531 622 - 518 578

All area : Min. 176, Max. 950, Mean 325




g-2} Relationship between bottom salinity and size
Figure 31 shows the relationship between salinity of the bottém tayer and size for gurijuba. :
There, the fish were classified as small (undcr 40 ¢m), intcnﬁedialc-sizc {40--80 ¢m) and large {over 80
cm). Intermediate-size gurijuba was distributed along an ﬁnlplc Spcctfum of saliﬁity (10-36 psu), but

small and large individuals tended to respectively favor highly' saling, narrow Specira.

- o Phase 1 Dry Season
1,200 o | ©Phase 2 Rainy Season
w Phase 2 Dry Scason ® !
E S R
g s0 ] oo o i
= :
'ﬁ .
5 600
= ‘ .
4 H : :
= i
200
0 ; ; ; : ; ; + :
0 5 1 15 20 15 3o - 35 40

Bottom salinity (psu)

Figure 51. Relationship between bottom salinity and siie in Gurijuba Arius parkeri.

g-3) Size composition
Figure 52 shows the size composition for gunjuba with body length data taken via both the
measuring-card punchmg method and the mulii-item biological measurement.
1) Overall size composition
In all survey seasons, overall size composition exhibited a poly-modal pattem of distribution
with well-defined modes. Analysis of a predominant mode or the several dominant modes would reveal
the following feétures of gurijuba stocks. Gurijuba stoéks in the Dry Seasons would comprise
intermediate-size fish with a predominant mode between the 40-46 cm length classes and a dominant
mode between the 62-68 cm length classes, plus some small and large individuals. The stocks in the
Rainy Season would include small fish with a predominant mode at the 28-30 cm class and
intermediate-size individuals with three dominant modes between the 46—?6 cm clésscs, _plus some
large specimens. On the other hand, there were obvious modes for small fish at the 20-22 cm class in
the Dry Seasons and at the 12-14 em class in the Rainy Seas.on, probably representing newly hatched
fry.
11) Size composition by stratum
In all survey seasons, not enough data was obtained in the deepest stratur. .Size' composition in
the other two strata had a poly-modal pattern of distribution, generally similar to the overall size
composition. The predominant mode in all strata in the Dry Seasons was depth-dcpcndeﬁt, witha tfend

towards larger length classes from shallow to deep strata — a particularly marked tendency in Phase 1.
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Figure 52, Continued
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2-4) Body Icngth and weight relationship
Figure 53 summarizes the relationship between fork ]cnglh and body \\caght for gurijuba,
determined from data obtained through the multi-item biological measurement. Resulting regression

equations for the total number of male, female and sexually indeterminate individuals were:

Phase 1 Dry Season Survey: BW = 2 x FL*'® x 10°¢ (r = 0.987)
Phase 2 Rainy Season Survey: BW =4 x FL*'"**? x 10°° (r = 0.990)
Phase 2 Dry Season Survey: BW =2 x FL** x 10° (r = 0.994)

These equations are very similar to each other. Males of the sca catfish family Anidae ate known
for mouth breeding their fertilized egg and fry and for fasting during the breeding period (FAO, 1993); but

no weight reduction in males associated with such fasting could be discerned in any of the figures.

£-3) Body leagth and weight by sex

Table 58 summarizes fork length and body weight by sex for gurijuba. In all survey seasons those
mean values were respectively around 52-55 cm and 2,500-2,800 g for males, and 50-58 cmand 2,600-3,500
¢ for females, with the differences between sexes gradually getting smaller in survey order. Mean fork length
and mean body weight for females in the Phase 1 Diy Season Survey were respectively targer than those for
males. In both Phase 2 Seasons, mean fork length for females was smaller than for males, but mean body weight
was larger .for females. Visually detectable sexual dimorphism started just above 20 cm and 106 g for both
sexes. Amplitude of individual va:iatibn in the development of reproductive organs was suggested by the

occurrence of sexually indeterminate individuals of about 80 em (sec Figure 54) or 8 kg.

Table 58. Body length and weight by sex for Gurijuba Arius parkeri. (A) Phase 1 Dry Season
Survey; {B) Phase 2 Rainy Scason Survey; (C) Phase 2 Bry Season Survey.

(A)
Sex Fork lengthinmm Body weight in g
- Range ~Mean Range  Mean
Male 346- 815 551 300 - 9,100 2,717
Female 270- 1,325 576 300 - 28,050 3,506
_Indeterminate 180- 772 1L 50- 7,550 975
®
Sex Fork length in mm Body weighting
Range Mean Range _' Mean
Male 157 950 522 21-12,600 2,545
Female 195- 1,150 502 110 - 28,200 2,633
![lcgg(minale 124 - 530 259 11 - 2,000 314
' Sex Fork fength in mm o Bod)r_\lgl_ghl in g
_ Range Mean Range Mcan
Male 220- 915 542 100- 11,200 2,795
~ Female 213950 . 538 110 - 13,400 2,875
_ Indetenminate 176 - 675 368 55-4,100 928
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g-6)

Sex ratio and female maturity stage

Table 59 surmmarizes sex ratio and female maturity stage for gurijuba.

i) Overall s:cx ratio

Overall sex ratio was 1.63, 0.86 and 1.24 in survey order, but lack of sufficicat data gives little
reliability to these numbers. The ratio of semi-mature and mature females was higher in the Dry

Scasons. Some females with thcir ovarics in post-spawning condition were found in Phase 2.

i) Sex ratio by stratum

‘There was a trend for sex ratio being depth-dependent in all scasons, but in opposing dircctions
in each Phase. In Phase 1, the relative nuinber of females tended to decrease with increasing depth, yet
in Phase 2 it had a tendency to grow along with profundity. Also, the p.ropor{ion of semi-mature and
mature females and that of poﬁt—spa\\ning (spent) females both tended to be positively depth-
dependent, increasing with profundity. These results and the existence of a mode reflecting the
above-mentioned fry strongly suggest that gﬁrijuba could be spawning in the survey area, particularly
offshore, in the Dry Season and the beginning of the Rainy Season. While captured males were not seen
carrying fertilized egas or incubating hatchlings in their mouth cavity, an eventual confirmation of the

occurrence of males in such condition would speeify the spawning period of gurijuba.

Table 59. Sex ratie and female maturity stage for Gurijuba Arius parkeri. (A) Phase 1 Dry Season

Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.

(A)
Stratum _Number of female ¥ by naturity stage Number of  Sex ratio
{isobath range inm) ImmatureSemi-mature  Mature _ Spent  Total  maled  §/d4
5-10 24 ) 2 0 30 16 188
10-20 30 6 3 0 9 23 1.70
20-5 0 0 0 0 0 20 0
All stratum 26 5 2 0 33 20 1.65
(B)
Stratom Number of female 2 by maturity stage Number of Sex ratio
(isobath range in m )Immature Semi-mature Mature Spent  Total  maled® 2 / o
5-10 28 1 ¢ 2 31 0 0.73
10-20 36 3 0 2 41 50 082
o 20-50 3 0 o 71 4@ nes
All stratum B2 0 3 38 44 086
{C) . ;
Stratum & Numberof female ¥ by maturily stage Numberof  Sex ratio
{isobalh rangein m) Immature Semi-mature  Matwre  Spent  Total male & 2t
5-10 55 S 2 68 66 1.03
10-20 41 4 4 1 50 33 1.52
2050 25 0 19 9 3 1299
AH stratum 45 5 4 2 56 15 1.24
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1) Sex ratio by size class .

Data obtained in all scasons through the multi-item biq_logical mcasﬁrcmcm were grouped into
cach 2 cm size class. Frequency of number of individuals in these grbilps by sex - male, female
(malur_il}-‘ stage), indeterminate — ié presented in Figure 54. A clear size-dcpeﬁden! éhangc in sex ratio
was not obgeﬁcd in cach scaéon; but there was a tendency for the prédominanée 6‘f females among,
large individuals: particularly in the Phase 2 Dry Season, sex ratio in the length classes abo.ve 78 em
was such as to suggest size dependency, though the data were too few to be conclusive. On the other
hand, the proportion of semi-mature and mature females would tend to var}' positively along size
increase. Mature eggs were observed in individuals with a fork length over about 60 cm. Sex
composilibn bf those groups (M, male; F, fomale; |, indetcnnhﬁ_te sex) was as follows, in survey order,
with female mﬁturily oon&i tion indicated in parentheses in the following order: immature - semi-mature

- mature - spent.

(1) small fish - :
M 11% F 21% (100% - 0% - . 0% - 0%) i 68%

M 34% F 41% (100% - 0% - 0% - (%) I 25%

M 41% F 36% (100% - % - 0% - 0% - 1 23%
(2) intermediate-size {ish ‘

M 34% F 53%( 82% - 12% - 5% - 0%) I 13%

M 59% F 39%(87% - 10% - 0% - 3%) I 2%

M 42% F 353%( 85% - 10% - 3% - 2%) -1 5%
{3) large fish

M 21% F 79% (13% - 51% - 36% - ©%) I 0%

M 31% F 69% (37% - 7% - 0% - 56%) I 0%

M 21% F 79% ( 3% - 22% - 62% - 13%) P 0%

g-7) Feeding habits
Table 60 presents the results of stomach contents analysis via the occurreﬁée méthad. Rate of
cmpty stomachs was 40-60%, higher in the Dry Seasons. An overtumed stomach was observed from
an individual during the Phase 2 Dry Season Survey. In all seasons, gunjuba fed on fish, and

secondarily on shrimp and many other benthic organisms,

Table 60. Stomach conteats of Gurijuba Arius parkeri.

Phase Survey Number of Empty Evert Stomach contents by the occurrence method (%)
seasoni specimens stomach rate Jerry- Fish . Crustacea " Unidentified
rate {%) (%) fHsh Shsimp Crab Mantis Cope- Iso- . Other '
shrimp poda poda -
1 Dy 214 58 7 15 5 1 3
2 Rainy 358 40 51 39 4 04 I 5
Dy 457 57 04 05 51 37 6 3 03 2
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5.1.6. Mesh Selectivity )

Among the key fish species, a relatively large amount of daté on length compositidn was obtained
through the measuring-card punc.:hing. method for piranlutéba Bfachypla@sroma vaillantii and pescadinha go
Macrodon ancylodon (Table 7), éaughi by cod-end or covemet respectively in quite a number of tfawl stations.
These data also comprised infonnati'on on mesh selectivity for the trawl net {cod-end mesh 100 nun between
alternate knots, mesh measureménlé as in Appendix Taﬁ_le 2) currently employed in industriai ﬁshcry ﬁawlers to
piramutaba and pescadinha g. Results of an analysis of mesh selectivity deduced from lengtﬁ composition data
{100 individuals measured in cod-énd and covernet respectively at trawl stations) are presented below.

For this analysis, retention rate was calculated for each length class as follows:

a = N

" Nygog + N,

i if cover)

where a; : refention rate at class i
Niop - number of individuals in cod-end at class i

Niteoneny - number of individuals in covernet at class i

This retention rate was plotted in 2 normal probability paper, and mesh selectivity can bz expressed as a
straight line with a good fit of the data points. However, if the retention rate « is much disperséd, it would be
problematic to draw a straight line along them. Therefore, in this survey, the Behrens-Karber method was used in
the calculation of cumulative retention rate at each length class because it does not neceséarily pfesuppose the
retention rate as close to a normal distribution function. Results of the application of this method are in Table 61.

The procedure staris by calculating the cumulativa number of the smatller 'indivi_duals caught in the
cod-end and the cumulative number of the lérger individuals'in the covermet. Thi.s is because, if for instance three
individuals of 6.5 cin are retained in the cod-end, it is expected that larger individuals of 7.5 em wbuld necessarily
be caught by the cod-end. It would mean that one individual of 7.5 cm actually caught by the cod-end would
expect to represent the cumulative number of four (1+3) individuals. Likewise, if one individual of 215 <m
manages to escape through the cod-end and géts calight by the covernet, smaller individuals of 20.5 cm are
expected to also evade the cod-end. Then, one individual of 20.5 cm actually captured by the covemet would
expect to represent the cumulative number of two (1+1) individuals that eécapéd through the cod-end. In this way,
by calculating the cumulative number of individuals in the cod-end and the éumﬁl_ative number of individuals in
the coveruct by length class, and dividing the cumul_a_tive numbelr of individuais in the cod-end by that total at

each length class, the cumulative retention rate by the class was obtained. This cumulative retention rate was
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plotted on a normal probability paper anda straight tine fit along the points, From this line, retention rates at each

length class could be obtained and a mosh sclectivily curve drawn.

Table 61. An example of data transformation 'for mesh selectivity.

‘ Original data ~Cumulative data B

Length : Cod Cod
(cm) Cod Cover + Cod! Cover +
Cover i o Cover

55 0 0 0 0 100 100
6.5 3 0 3 3 100 103
7.5 i 2 3 4 100 104
8.5 4 0 4 8 98 106
9.5 2 3 5 10 o8 108
10.5 10 6 16 20 93 115
11.5 17 10 27 37 89 126
12.5 21 12 33 58 79 137
13.5 n 22 i3 69 67 136
14.5 13 17 30 82 45 127
15.5 12 12 24 9 28 122
16.5 4 1 11 98 16 114
17.5 0 A 4 o8 9 167
185 0 3 3 98 5 {03
195 0 0 0 98 2 100
20.5 0 1 1 o8 2z 100
215 0 | 1 98 1 99

25 0 0 0 98 0 98

_ Total 98 100 198 10T 834 2,008

(a) Piramutaba Brachyplatystoma vaillantii

One hundrcd individuals were respectively measured by cod-end and covemet by the measuring-card
punching method at one trawl station in the Phase | Dry Scason Survey, four stations in the Phase 2 Rainy
Season Survey (in one of which 101 specimens were measured) and two stations in the Phase 2 Dry Season
Survey. ‘

Figure 55 shows mesh selectivity curves for piramutaba at each of those stations. Results indicate that
the mean fork length at 50% mesh sclectivity (FLs) was 27 em, with a minimum value of 22 ¢cm and a
maximum value of 30 cm. Also, because the mean fork length for piramutaba caught by cod-end at each trawl
station was higher than that by covernet, the 100 mm mesh cod-end was effective for the estimation of 50%
mesh selectivity. Hcrcqﬂgr, it is desirable that experiments with cod-ends of scveral mesh sizes centered on the

100 mm mesh be conducted so as to estimate the cod-end mesh size 1o any FLsg value.
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) Pescé_dinha g6 Macrodon ancylodon

One hundred individuals were respectively measured by cod-end and coveret by the m%suﬁng—card

' punching method at two trawl stations in the Phase 2 Rainy Season Survey.

Figure 56 shows mesh selectivity curves for pescadinha g6 at each of those stations. Results indicate

gréat disparity of total length at 50% mcs'h‘_se!ec'tivi‘ty (TLso) between stations, with 13 ¢m and 20 cm

respectively. This can be atteibuted to a wide dispersion between actual retention rates — or, in othcr words,

to the fact there was a wide difference in prbpcrtion of small and largé individuals between stations,

On the other hand, at both traw] stations mean total length values by cod-end and covernet were about the

same — cod-end 13.1 cm and covernet 13.8 cm at one station, respectively 21 .4 cm and 20.8 cm at the other.

For that reason, the retention ratc of the 190 mm mesh cod-cnd does not increasc for farge individuals of this

species. Therefore, this mesh size cod-end cannot be considered cfficient for the estimation of TLsy. Hercafter,

it is desirable that to estimate the cod-cnd mesh size to any TLs, value, experiments be conducted with cod-

ends of several mesh sizes smaller than 100 mun.
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Figure S6. Mesh selectivity curves for Pescadinha go Macredon ancylodon, cod-end mesh size as employed in

industrial fishery travlers,
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5.1.7. Data on the Oceanic Environment _

The occanographic ebscrvations taken seasonally at cach traw] station had a two-month lag between the |
first and ghc last one and cannot be coﬁsidéred simultaneous. Thus, it was not ppssiblc to c:irry out a detailed
study of the spatial distribulion and temporal fluctuation of water properties and current conditions in a wide and
complex marine cnvnronmcnt like the Amazonian shelf based on such occanographtc data

Besides the queshon of methodology and unachleved simultangity, many other problcms affccung lhosc
oceanographac observations resulted in clcar limitations to the aforementloned goal. But the results of ﬂ\OSl«

observations yielded some information on the oceanic enwronmcnt in the survey area.

{a) Structure of lhe oceamc envnronment _
a-1) Distribution of water tcmperature and sahmt) : _ |
Al data on water temperature and sallmty at the oceanographlc observatlon slations (in
prmmplc the end of cach haul) were taken by STD in each season. Tables 62 and 63 give statlsucal results
of water temperature and salinity data in the surface {depth zere) and the bottom (taken at l m above ;hc
sea floor), plus the three strata defined for the resources survey. Also all data on water temperature and
salintty are summarized in T-8 diagrams and vertical profiles within specific water depth intervals in
Figures 57 and 58.
i) Distribution range of T-S values over the entire area
Water temperaturcs obscrved over the entire survey area during this survey were within the
25.90-30.72 °C range. The difference between the maximum and minimum water temperature was
4.58°C and 4.31°C respectively in the Dry Seasons of each phase, and 3.70°C in the Phase 2 Rainy
Season. Temperature in the surface was in the 27.03--30.72 °C range, withan amplitude of 2.73°C and
2.94°C in the Dry Seasons and 3.69°C n the Rainy Seasen. Temperature in the bottorﬁ was it the
25.93-29.04 °C range, with an amplitude of 3.11°C and 2.91°C in the Dry Scasons and 1.13°C in the
Rainy Season. The most frequent water temperature ranges were 28-29°C in the Dry SeaSons énd
27-28°C in the Rainy Scason (Table 62). |
Salinity cbserved over the entire survey area during this survey was within the 0.05-—3_6.70 psu
range. Salinity in both the surface and bottom were respectively lower in the Rainy Season than'in the
Dry ‘Scasons — particularly in the surface. The most frcqucnt sallmt} ranges were over 35 psu in the
Dry Scasons and 0-5 psu in the Rainy Seasor. In both Dry and Rainy Seasons, comparatncly high
frequencies were observed for salinity values below 10 psu and above 30 psu (Table 63).
i) Distribution of water mass divided according to T-S distribution characteristic
The temperature-salinity diagrams reveal the presence of a number of clusters, and these clusters
can be defined ‘into four water masses (Figure 57). Namely: (}) river waters (Dry Seasons temperature,
28-29°C; Rainy Season temperature, 27-28.5°C; salinity, < | psu); (2) oﬁshorc oceaﬁ walers

(temperature, 26-28.5°C; salinity, = 35 psu), (3) high temperature surface waters (lemperature, 29-

i52



30.5°C; salinity, 0-34 psu); and (4) mixed river and ocean waters (temperature, 27-29°C; salinity,
1-35 psu). Their distribution across the contincntal shelfand vertically are discussed below.

River waters were observed only in shallow areas between the isobaths of 5 m and 20 m, and
only between 0-15 m deep. _ _ |

Offshore ocean waters were mainly observed in areas betwecn the isobaths of 10 m and 50 m,
occurring in all water coluran in the Dry Seasons, but only below 5 m deep in the Rainy Scason. In the
Dy Séaébn they appeared also between the isobaths of 5 m and 10 m, but only ‘bclow 4 m deep.

' High temperature su rfacé waters were often found in shallow areas between the isobaths of 5m
and 20 m. They occurred in 0-12 m deep in the Dry Seasons (more frequently within (-3 m deep), and
0-2 mdcep inthe Réiny Scason. From the isobath of 20 m to the offshore, this water mass was barcly
observed in the Dry Seasons and not at all in the Rainy Season.

Mixed _\\;aters were scen over the entire arca, in water column from 0 to 20 m deep. The
interaction behween river and ocean waters resulted in the definition of two vertically distinct salinity
profiles. One refers to a uniform column of vertically well-mixed watcrs, the other to a strongly or
weakly stratificd water column forming a saline front. In the former case, the water column occurs in
shallow areas between the isobaths of 5 m and 20 m: in the Dry Secasons, salinity is mainly tower than
20 psu between the isobaths of 5 m and 10 m and above that value between 10 mand 20 m, while in the
Rainy Season it varies between 1 and 30 psu in areas within the 5-10 m water depth and stays around
30 psu in arcas between 10 m and 20 m water depth. The stratificd water column in the latter case was
found over the entire area. A halocking was formed from a few meters below the surface down to 10 m
deep, although in the Rainy Season it was sometimes observed in water betow 10m deep. The influence
of river waters on the distribution of salinity in areas betwecen the isobaths of 20 m and 50m was clearly
seen as stronger in the Rainy Season than in the Dry Seasons. In this arca salinity values over 20 psu
were generally recorded in the Dry Seasons, that value was lower in the Rainy Season.

iii) Distribution of salinity in demersal fish habitats

Features of salinity distribution in habitats for demersal fish species arc described below.

Figure 59 shows the horizontal distribution of salinity in the bottom (1 m above the sea floor).
Since the obscrvations were taken over two months, as described before, the lack of simultaneity must
be taken inte account.

River waters (< 1 psu) were found between the Northern Channel of the Amazon River and {1)
offshore near the south side 6f the Santa Resa Sandbank in the Dry Seasons or (2) offshore ncar the
Southerm Cﬁanﬁel of the Amazon in the Rainy Scasen. In each survey, ocean walers (> 33psu)
éxtended overa largé area from near the isobath of 20 m to the offshore. In approximately 50-100 km
wide area between the relatively stable two water mass regions, mixed waters were formed through
their interactions. Based on the fact that bottom salinity values in the $0-30 psu range were found to be

distributed in a complex paitermn along the isobath of 10 m, it was hypothesized there could be a major,
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temporaily mobile saline front. Particularly, the existence of a conspicuous saling front near latitude 1°

N rovealed the sca floor is strongly influenced by the flow of river waters from the Amazon.

Table 62. Statistical results of measured water temperature data. {A) Phase 1 Dry Season Survey; (B) Phase 2
Rainy Season Survey; (C) Phase 2 Dry Scason Survey. ‘
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A) ' - : :
T All Layers Surface Bottom Stratum { isobath range in m )
' (0m) (BHim) .10 1020 2050
No. of St 111 11} in 52 47 S ¥4
No. of Data 8381 {11 i1 2,796 3,782 2,296
Min. (T} ' 25.90 27.70 25.93 27.62 21.67 25.90°
Max, (C) 3048 30,43 29.04 30.48 2956 2931
Range (C) Freq (%) Freq. (%) Freq. (%) Freq (%) Freq. (%) Freq (%)
25-26 36 (04 0 (0.0 1 (09 0 (00 0 (0 3 (18
26-27 2 (03 ¢ (0.0 0 (00) 0 (00) 0 (00 24 (10
27-28 7006 ( 7.9) 6 (54) 8 (12 104 (37 221 (58 375 (163)
28-29 7672 {36.5) T4 (667) 100 (0.1 2,527 (904) 3318 (817 1827 (79.6)
29-30 432 (1.9 9 (26.1) 2 (18) 155 (550 243 (64) 3 (1.5
30-31 10 (0.1 2 (19 0 {00) 10 (04) 0 (00) 0 (00
o : .
All Layers Surface Bottom Stratum {isobath range inm )
‘ (0m) {B+im) 5-10 10-20 20-50
No. of St. 120 120 - 120 % T 52 13
No. of Data 9,019 120 120 2,855 307 2,217
Min. (C) 27.02 27.03 2117 27.02 2734 272.51
Max. {C) 10.72 30.72 28.30 29.57 30.72 - 21844
Range (C) Freq (%) Freq (%) Freq ) Freq (%) Freq (%) Freq. (%)
2526 0 {00 0 0.0) 0 (0.0) 9 (0.0 ¢ { 0.0) 0 (00)
26-21 0 (00) 0 (0.0) e (00} 0 (00) 0 (0 0 (00)
27.28 6,814 (756) 50 (66.7) 97 (80.8) 2474 (867) 2,796 (108) 1,584 (696)
28-29 2175 (24.1) 34 (283) 23 (19.2) 369 (12.9) 1,133 (287) 673 (304)
29-30 25 ( 0.3) 5 (42) 0 (0.0) 12 {064) . 13 (0.3 0 {00)
3931 5 (0N 1 (08) 0 (0.0 0 (0.0) 5 (0.1) 0 (00)
©)
All Layers Surface Bottom Stratum { isobath range inm)
e L {Omn) {Btlm) 5-10 10-20 20-50
MNo. of St 120 120 120 '35 50 i5
No. of Data 9,582 120 120 2,849 4,054 2,619
Min. (C) 2593 27.28 2594 26.62 26.48 - 2593
Max. (C) 310.24 30.22 2885 30.24 29.58 29.03-
Range (C) Freq. (%) Freq (%) Freq (%) Freq (%) Freq (%) Freq: (%)
25-26 112 ¢12) 0 (0.0 ( 0.8) 000 0 (00) 112 (4D
26-27 149 ( 1.6) 0 (0.0) 3 (29 57 (20) 65 (16) - 27 ( LO)
21-28 4,216 (44.0) 34 (283} 44 (357 938 (329) 1,429 (352) 1,849 (62.0)
18-29 4996 (52.1) M (617 72 (600) 1,795 (630) 2,520 (622) 681 (25.4)
2930 105 (LD 1 (92) 0 (00) 35 (19 40 (10) - 10 (04)
30-31 400 L (08 0 (0.0 4 (0.1 0 (0.0 a { 0.0)




Table 63. Statistical results of measured salinity data. (A) Phase 1 Dry Season Survey; (B) Phase 2 Rainy Season

Survey; (C) Phase 2 Dry Season Survey.

A}
All Layers Surface Bettom Stratum ( isobath rangeinm)
L (Om) {B+Im) 5-10 10-20 20-50
No. of St, 1 L] 11t 52 47 12
No. of Data 8,874 m 1 2,796 3,782 2,296
Min. (psu) 0.05 0.05 0.05 0.05 0.05 18.86
Max. (psu} 36.52 36.50 3645 35.06 36.12 _36.52
Range (psu) Freq (%) Freq (%) Freq (%) Freq (4 Freq (%) Freq (%)
0-5 992 (11.2) 26 (234) 17 (15.3) 814 29.1) 1718 (4.1 0 (00)
5-10 638 ( 7.2) 23 (20.7) 8 (12 565 (202) 73 (1.9) 0 ({00
10-15 559 ( 6.3) 12 (10.8) 8 (12 424 (152) 135 ( 36) 0 (00)
15-20 576 ( 6.5} 10 9.0) 8 (12) 308 (1N.0) 233 (6.7) 15 {07
20-25 579 { 6.5 10 ( 9.0) g (12 304 (109) 251 (66 24 (1.0
25-30 831 (9.6) 10 ¢ 9.0) 16 {14.4) 232 {83 580 (15.3) 39 (1D
3035 1,733 (19.5) 14 (126) 19 (7.0 124 (44) 1444 (382) 165 ( 7.2)
35- 2946 (332) 6 ( 3.4) 27 24.3) 25 (0% B6S (23.0) 2,653 (894)
All Layers Surface Bottom Stratum { isobath range inm)
{0m) (B+lm) 5-10 10-20 20-50
No. of St. 120 120 120 .55 52 13
No. of Data 9,015 120 120 2,855 3,947 2,217
Min. (psu) 0.06 0.06 0.06 0.06 0.06 6.96
Max. (psu) 36.09 3281 36.08 33.46 35.83 36.09
Range(psu) Freq (%) Freq (%) Freq (%) Freq (%) Freq (%) Freq (%)
0-5 1,929 (21.4) 54 (45.0) 23 (192) LI%6 (@19 733 (18.8) 0 {0.0)
5-10 1,042 (11.6) 32 @267 9 (7.5 362 (1273 578 (146) 102 { 4.6)
10-15 780 ( 8.6) 10 { 3.3) 10 (81) 320 {1t2) 3N (9.4) 8¢ ( 4.0}
15-20 763 ( B.5) 14 (1L.7) 7 (538 398 (139 226 (5.7 144 { 6.5)
20-25 513 ( 5.7) 2 (1] 9 (175) 303 {106) 177 (45 33 (1.5
25-30 662 ( 1.3) 2 (1N 15 (12.5) 244 (8.5 380 ( 9.6) 3 (17N
30-35 1570 (17.4) 6 (50) 27 (225) 32 (L LI23 (285) 415 (I187)
35- 1756 (195) 0 (0®) 20 (167) 0 (00) 359 (90) 1397 (630
©
All Layers Surface Bottom ___ Stratum (isobath rangeinm)
{(O0m) (B+im) 5-10 10-20 20-50
Ne. of St. 120 120 120 T . T R [
Ne. of Data 9,582 120 120 2,849 4,034 2,679
Min. (psu) 0.06 0.06 0.06 0.06 0.66 1575
Max. (psu) 36.70 36.68 36.65 3386 36.65 36.70
Range (psu) Freq. -~ (%) Freq  (%4) Freq (W)  Freq (%) Freq (%) Freq (%9
0-5 883 ( 9.2) 25 (208) 10 ( 8.3) 710 (250) 172 ( 4.2) 0 (00)
5-10 547 (57 18 (150) g (2.3 421 (15.0) 120 ¢ 3.0) 0 (00)
10-15 581 ( 6.1) 16 (13.3) 10 (%3) 422 (148) 159 (3.9) o (00)
15-20 3718 (39 10 { 83) 6 (50 {1 U B A § 159 ( 3.9) 13 (90.7)
20-25 859 ( 2.0) 18 {15.6) 13 {10.3) 512 {(130) 305 (1.5 42 ( 1.6)
25-30 1078 (11.3) 16 {133} 17 (142) 314 {13.h 670 (16.5) M (LY
36-35 1,534 (16.3) T {5%) 22 (133) 202 (7.1 1253 (309) % (29
35- 3722 (388) 10 (83) 33 (2713) 0 (0.0) 1216 (30.0) 2,506 (93.5)
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Figure 57. T-8 diagram within specific water depth intervals. (A) Phase 1 Dry Scason Survey; {B) Phase 2
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Figure 58. Vertical profiles of temperature and salinity within speeific water depth intervals. (A) Phase 1
Dry Season Survey; {(B) Phasc 2 Rainy Season Suh‘cy; (C) Phase 2 Dry Season Survey.

58



Figure 58. Continued
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Figure 59, Continued
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a-2) Horizontal distribution of pH in the surface

Tablc 64 shows all data on pH measured in the surface (i.e., near the walter surface) sample
each occahographic observation station, tabutated according to the three strata defined in the resources
survey. Their horizontal distribution is illustrated for cach scasonal survey in Figure 60.

Values of pH obsenved over the entire survey were in the 7.05-8.64 range. In cach seasonal
survey, méan pH by stratum depended on depth, increasing from shallow stratum (between isobaths of S m
and 10 m): to decp stratum {between isobaths of 20 m and 50 m). In offshore, beyond the li sobath of 20 m,
pH valﬁeﬁ betow 3.0 ‘were not reported (Table 64). In general, pH values tended to nse with depth:
considering a value of 8.0 as a réfcre_ncc in the shoreward area from around the isobath of 10 m, pH was
lower than that value and in the offshore arca from that was higher. On the other hand, pH valucs in the
aréa between isobaths of 5 m :md }O m no;th of latitude 2° N a_nd west of longitude 50° W were relatively

' higher than those in other areas of the same isobaths‘(Figurc 60).
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Table 64, Statistical results of measured pIE data in the surface, (A) Phase 1 Dry Season Survey; (B) Phase 2 Rainy

Season Survey; (C) Phase 2 Dry Season Su'n"ey.

Survey season Phase | Dry Season Phase 2 Rainy Season ~ * Phase 2 Dry Season
Stratum (iscbathrangeinm)  5-10 10-2020-50  S5-10 10-2020-50 5-10 10-2020-50
No. of data 52 41 1 55 52 13 6 43 15
Minimum 707 724 81 705 714 806 706 117 807
Maximum 822 864 833 808 845 856 805 828 834
Mean 766 806 820 753 782 825 758 798 817
Standard deviaion 0291 0228 0060 0254 0391 0163 0255 0231 0075
Frequency (%) by pH range ' ‘
70 -72 18 00 00 55 38 00 91 28 00
72 - 74 212 21 00 309 154 00 182 20 00
74 - 16 154 43 00 255 154 00 273 00 © 00
76 - 18 212 43 00 200 135 00 273 140 00
78 - 80 250 K9 00 127 96 00 91 240 °© 00
80 -82 15 426 500 55 173 385 91 480 ' 600
82 -84 19 298 500 00 192 308 00 100 . 400
84 -86 00 00 00 00 58 308 00 00 00
86 -88 00 21 00 00 080 00 00 00 00
)

CABO MAGUAR]

TLHA OE MARAJO

T r

T T T
15 48

Figure 60. Horizontal distribution of pH in the surface (ncar the water surface). (A) Phase 1 Dry Season Survey;
(B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey,
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Figure 60, Continued
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a-3) Current conditions

Figures 61 and 62 show, respectively, the horizontal distribution of water current in the surface
(mcasurcd in 4 m below the water surface) and bottom (taken in 2 m above the sea floor) fayers, from data
on drrcctlon and speed of water current obtamed ateach oceanograph:c observation station, and Figure 63
show current dircction frcqucnc) distribution in the surface layer in cach slratum Due to problems
concemning the performance of the equ1pmcnt (Acouslrc Doppler Current Profiler) and its mcasurcment of
layer tthkﬂGSS data on current condmons (dlrecuon and speed) were hmxted also in stauons where depth
was shallow, many probtcmatlc data were obtained. It should also be consrdered that data on current
condition should indicate only instantaneous readings taken at a given time and place. Espeually in this
area wiﬂm great tiflﬁl fang'e‘ the distribution of cutrents overa tivo-month period indiéareé cﬁtremely stable
oncs over time, which can be wsuahzed for instance, in river water current axes in the surface,

In all seasonal surveys, curreats in surface in the area from the isobath of 10 m toward oﬂ‘shore
were pru:lommantl) directed across the isobath {cither tcn\ards the shore and off), suggaslmg they are
regulated by the tides The illustrated currents apﬁear to be weak from the isobath of 10 m to the shore and
strong toward the offshore, but their seemmg weak even in the river mouth where river walers are thought
to ﬂcm fast may be attnibuted to the unsmtablhty of the mcasunng equipment for the arca in question.
Currents in the bottom prescnted a complex distribution, being directed across the isobath and also along
it; however, mucﬁ .Iikc those in thé surface, they seem .strongr:r fn areas toward the offshore. On the other
hand, there seems to be stable and refatively strong northward and northwestward currents in the northern
oftshore portion of the survey arca.

The highest current velocity recorded was about 150 cmfs, in the northemn portion of the survey
arca (around 2° 25°N 50° 30° W), between the isobaths of 5 m and 10 m, during the Phase 2 Rainy Season
Survey. Inmost stations, currents were stronger in the surface layer than in the bottom layer and it appears
that a vertical shear has been formed (For the rcason that current velocities could not be measured in area
shallower than 10 m water depth, it was impossible to ﬁnd that characteristics in the arca )

With respect to current direction frequency in the su rfacc layer by water depth range in the ar¢a
between the isobaths of 5 and 10 m high frequent directions were northeasterly (NNE, NE, EN E),
suggesting the outflow of the Amazon River would be the most important cause for determining the
direction of currents in this arca. In the area between the isobaths of 10 m and 20 m, high frequent current
directions were eastward across the continental shelf (from NE to ESE around the compass} or,
cony crsely westward (from SSW to WNW around the compass) itis lhought that \\ould actually indicate
changes in direction along with tidal currents. In the area between the isobaths of 20 mand 56 m, exccpt in

the Phase 2 Dry Scason, there were more currents directed casterly (ENE and E).
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Figure 61. Horizon!al distribution of current in the surface layer (4m below the water surface). (A) Phase 1 Pry

Seasen Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Sun'cy.
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Figure 62. Continued
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Figure 63. Frequeacy distribution of current direction in the surface layer
{4m below the water surface),
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(b) Meteorology

At cach trawl station, metcorological conditions were recorded during the haul; these data arc

summarized in Table 65.

 Fair weather (be: blue sky with detached clouds) was overwhelmingly more frequent in the Dry Seasons.

On the other hand, there were about equal frequencies of fair (be), overcast weather [¢: cloudy, o: overcast sky

and r: rain]. Prevailing winds in terms of distribution frequency of directions were ESE in the Dry Scasons

and E and ENE in the Rainy Scason. The predominant wind force in the Beaufort scale was gentle breeze

(scale 3: winds of 3.4-5 4 m/s at altitude 10 min the open flat ground) for all seasonal surveys. The prevailing

wave size in the wind wave scale were smooth wavele! (scale 2: wave height 0.1-0.5 m) and slight {scale 3:

wave height 0.5-1.25 m) in the Dry Seasons, and smooth wavelet (scale 2) in the Rainy Season.

Table 65, Statistical results of metcorological data.

Surveyseason | PhasclDiySeason  Phasc 2 Rainy Season  Phase 2 Dry Season

No. of data 110 120 120
N b 1.8 1.7
5} be 93.7 525 95.0
£ c 36 217 17
= o 0.9 20.0 1.7

r 58

& NE 67
g ENE 9.9 36.7 1.7
% & E 19.8 48.3 25.0
= 4 ESE 39.6 12 450
é‘ = SE 243 33 275
B = SSE 6.3 0.8 08
5 - 1 0.8
o g% ? 14.4 33.3 415
3 3 3 57.7 60.8 50.0
5 219 5.8 1.7
o 1 25 50
§ - 2 36.9 17.5 58.3
< 3 3 195 20.0 358
£ @ 1 12.6 08

= .5 6.9

a. b: blue sky, be: blue sky with detached clouds, ¢: cleudy, o: overcast sky, - fain

b. 0: ealm (0-0.2m/s), 1: light air (Q.3-1.5m/s), 2: light breeze (1.6-3.3m/s), 3: gentle breeze (3.4-5.4m/s), 4: moderate
breeze (5.5-7.9m/s). Wind speed in parentheses corresponds to it at a height of 10m above the flat ground in the open
area. Besides the name of cach wind force scale is one after WMO, World Meteorological Organization.

c. 0 cali glassy {0), 1: calm rippled (0<Hw=0.1), 2: smooth wavelet (0.1<Hw£0.5), 3: slight (0.5<Hw=<1.25), 4:
moderate (£.25<Hw=2.5), 5: rough (2.5<Hw=4). Range of value in parentheses show a height of wave in m.
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