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1. INTRODUCTION

The Amazon is the world’s largeét river in volume of freshwater outflow, and accounts for about
15% of the total freshwater dischat-ged: from rivers into the ocean in the whote planet (Baumgartner &
Reichel, 1975). The Amazon River discharge typically ranges from 80,000 m*/s in November to 250,000
m'/s in May, and the Amazon River discharges a mean value of 1.8%16° m/s of fresh water onto the
Nonﬁ Brazilian Shelf at the equator  (Oltman, 1968; Figueiredo et al., 1991). The discharge is large
enough. to prevent the intrusion of sea water iato the river mouth throughout t}ie year. The rivering watér
meets't_hc sea water for the ﬁrst time in a front zone formed hundreds of kilometers along the shallow
continental shelf, loc_ate_d between the isobaths of 10 and 20 m, some 100200 km seaward of the mouth
(Gibbs, 1970, Niﬁrouer et al,, 1986; Geyer ct al,, 1991). Because the Amazonian Estuary has been
pushéd out onte the continental shelf and the complex and very active oceanic environment has been
formed, this area is expected to have a very good potential of productivity for fishery resources.

Supported by incentives from the Brazilian govemment, fishery industries were established in the 1960s
around the city of Belém, State of Para, focﬁsing on piramutaba — a fish that forms large schools in freshwater
in the Amazonian Estuary. But piramutaba catches reached a maximum in 1977 and have been declining ever
since, indiéating overgﬁxploilalion. However, no resources survey or study has been conducted so far on
piramutaba or oLhen%icémmercially important species in the Amazonian Estuary and nearby coastal waters.

For this reason, in 1994 Brazil requested Japan the implementation of a study with the goa! of
assessing the present status of fishery resources in the Amazonian Estuary and establishing the guidelines
for their management towards a sustainable development. As a result, a three-way joint effort including
the Jap:m International Cooperation Agency (JICA), the Emilio Goeldi Museum in the State of Pard /
National Council of Research and Technologlcal Development (MPEG / CNPq), the Center for Fishery
~ Studies in the Northern Reg:on / Brazullan Institute for the Environment and Renewable Natural
Resources / (CEPNOR / IBAMA), conducted this resources study of the Amazonian Estuary in the rainy
dnd dry seaso’ns of 1996 (Phase 1} and 1997 (Phasc 2).

* The study ntself comprised {1) a Sea-Bome Survey; (2) a Laboratory Survey; and (3) a Landing Site
: Suney Phase 1 Sea—Bome Survcy was to have been carried out in the 1996 Rainy Season but was
instead canc.eiled‘due:to a number of aspects concerning Brazil’s domestic affairs. As the ultimate
objective was to establish guidelines for thé. management of fishery resources, data chtained from these
three SUTVEYS Was anals'zed to the extent of their possibiﬁlicé. (Fig. ll)

_ This summary is an abridgment of each chapter of the Final Report of the Fisherics Resources
Study of the Amazon and Tocantins River Mout‘n Areas Contcnts are perhaps simpfified, but include lhe

necessary minimum for the comprehension of the study
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2, OUTLINE OF THE STUDY

2.1. Objectives of the Study

The objectives of the study were the follawing:

a}

b)

c)
d)
€)

To evaluate the stock size of pirélﬁulaba (laclao catfish) Brachyplatystoma vaillantii, dourada
B. flavicans, fithote (kumakuma catfish) B. filamentosum, pescada-branca Plagioscion
squamosissimus, pescada-amarcla (acoupa weakfish) Cynoscion acoupa, pescadinha-go (king
weakfish) Macrodon ancylodon and gurijuﬁd (gillbacker sea catfish) Arius parkeri,

To gather data on geographical distribution, size composition and cther biological characteristics
for the above seven species;

To establish techniques for age determination for the above seven species;

To gather information on the oceanic environment such as water temperature and salinity,

To understand the current situation and problems of fisheries;

To evaluate the present status of exploited fishery resources, study the possibilitics of
atilization and exploitation of unutilized and unexploited fishery resources, and lay out

guidelines for the management of demersal fishery resources.

2.2, Study Area

The Sea-Borne Survey was confined to the area comprised within latitudes 0°05°N and 2°30°N and

longitudes 47° 50° W and 50° 30’ W, offshore from a line connecting Cabo Norte and Cabo Maguarni,

between the depth lines of 5 m and 50 m (Fig. 2).

The Landing Site Survey collected data at fishing viltages, fish landing ports and fishery markets in

the Amazon River and Estuary areas.

2.3. Survey Dates and Periods

Survey dates and periods were as per Table 1.



Table 1. Survey dates and periods.

Sea-Borne

Year  Season Laboratory " Landing Site
__ (Phase) Sunvey Survey Survey
1996  Rainy (discontinuance) I8 Feb. — 19 Apr. 27 Feb. — 2 Apr.
(1) Diy Ist leg: 8 Aug — 22'Aug. 9 Sept. — I Nov. 5 Aug. — 7 Sept.
2nd feg : 28 Aug. — 10 Sept. '
3rd leg : 17 Sept. — 30 Sept. _
1997  Rainy Ist leg: 7 Mar. — 20Mar. 2 Apr. — 21 May 3 Mar. — 24 Mar. .
{2) 2nd leg : 27 Mar. — 10 Apr. '
. : ‘ 3rd leg : 16 Apr. — 28 Apr. : _ ' L
Dry Ist leg: 8 Aug. — 22 Aug. 5 Sept. — 6 Nov. 4 Aug — 12 Aug
20d leg : 28 Aug. — 8 Sept. S
L 3rd leg : 17 Sept. — 26 Scpt.
2.4. Survey Vessels

Two piramutaba fishing vessels, ‘Marile’ (75 GRT, 350 HP, 22 m in length) and ‘Crustamar” (99

GRT, 375 HP, 22 m in tength), were renovated for use as research vessels for JICA.

2.5. Fishing Gear Employed

A bottom trawl net with a 58.2 m-long ground rope and a 50.2 m-long head rope was employed, similar

to those currently operated by the fishery industries for piramutaba. In addition, a covernet was attached

around the cod-end in order to study the escapement rate of young and small fish through the latter.

2.6. Participating Ageﬁcies

The following agencics took part in the study:

a) Sea-Bome Survey: Sanyo Techno-Marine, Inc. (STMMJICA, MPEG/CNPq, CEPNOR/IBAMA,
The Brazilian Ministry of the Navy, Central Pesca Lid. |

b) Laboratory Survey: STMAICA, MPEG/CNPq, CEPNOR/IBAMA.

¢} Landing Site Survey: STM/ICA, MPEG/CNPq.



3. METUHODOLOGY

3.1, Séa-Borne Survey

a) Resources Survey
The survey area was stratified into three strata ( the isobath ranges of 5~10 m, 10-20 m and
20-50 m ), and divided into'1,330 squa(e blocks of 3 miqutgs_m_lamudu and longitude. Number of
planned trawl stations was 120 in each ‘seasonal survey, and thes.e trawl stations were allocated in
propomon to the area of these three strata. Trawl stalmns (blocks) were selected through the random
sampling method as samp!mg umts and trawling was conducted for 30 minutes in blocks (Table 2).
The positions of the planned trawl stations for the 1996 Phase 1 Dry Season are shown in Figure 2 as

an example of the randomly selected stations.

Table 2. Area, number of blocks and number of trawl stations per stratum,

Stralum . Area in ki’ Number of Planned number of
{isobath range) . 3-square blocks trawl stations
5 -10m 17,200 339 55
10 - 20m 15,700 504 50
20 - 50m 9,300 287 15°
Total 42,200 1,330 120

* In the case of allocation of stations in stratum 20 - 30m, the area of this stratum was weighted by a factor of 0.5.

Stock size was estimated through the areal expansion method. For this, total catch of both
cod-end and covernet was considesed. Stock size, standard error and coefficient of variation were

calculated according to the following formulae:

dij = Xij | aij
Bi= Ai-di

SBi = At—&f—'

ni
B=7) Bi

S SBi*

CV =8B/ Bx100
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Figure 2. Sea-Bomme Sunvey area, sampling units (blocks of 3-minute
intervals in latitude and longitude) and positions of tranl
stations determined by random sampling (Phase 1 Pry
Season shown as example),

Area swept per haul was calculated as the product of the distance towed on the sea floor by the
width between wing-nets. In this analysis, it was assumed that all the fish in the path of the trawl net were
caught and that the herding cffect of the pendant-\\'arp was negligible. 1t was not possible to obtain
information on the possible occurrence of fish above the leved of the head rope (that is, 4-3 m above the

sea floor), and the exclusion of such fish could lead to an underestimation of stock size.

b) Biological Survey .

For each of the seven key fish species and in each trawi station, (1) a stze distribution dctermination
was planned for 100 specimens caught by cod-end and covemet and (2) a multi-itern biological measurement
was scheduled on 20 specimens, comprising the measurement of body length and bod) weight, sexing,
determination of maturity stage in fcma]es examination of stomach contents and extramon of structures for

age determination.

¢} Preliminary Tagging Experiment

A tagging experiment involving the three species of Brachyplatystoma was planned.



d) Oceanographic 'Obser_vations ‘
Vertical water temperature and salinity (via an 8TD), pH in the surface (via a pH meter) and
current conditions in the some layers (via an acoustic Doppler current profiler) were measured at cach

trawl station. Weather conditions over the ocean were also recorded.

3.2, Laboratory Survey

a) Selection of Structures for Age Determination
The following hard structures were examined and compared for cach of the key fish species to be

selected for age determination: fin spines, vertebral centra, scales, otoliths and opercles.

b) Selection of Portions of the Fish Body to Be Sampled
For vertebral centra and scales among age characters (hard structures), the proper portion of the

fish body to be sampled was examined.

¢) Treatment and Processing of Age Characters
For each of the seven key fish species, age character samples were subjected to a number of

treatment steps and properly processed.

d) Measurement of Rings
Among the sampled age' characters, vertebral centra and otoliths showed comparatively clear rings,

which were counted and had their radia mcasured.

3.3. Landing Site Survey

a) Collection of Fishery Statistics
From various fishery statistics collected, the fisheries situation was examined for Brazit as a whole,

for the Northerm Region of Brazil and for the State of Pard.

b) Interview Survey
An interview survey was con_ductqd to examing the actual conditions of fisheries centered in the
Amazonian Estuary, on aspécis such as a pmﬁle of fisheries and their trends, the pricing of fishery
prodﬁcts, tﬁe role of fishery brokérs, elc.

¢) Size Composition Suﬁey

Commercial size distribution for the seven key fish species was surveyed.



4. DATA ACQUISITION
4.1, Séa-Borhé Survef

a) Resources Survey o _ _ .

The number of trawl stations actually iré\x;led was as follows: (l) Phaéc 1 {1996) — zero for
the Ramy Season Survey, 111 for the Dry Scason Survey {52 in the 5- !0 m stratum 47 in the 10-
20 m stratum and 12 in the 20—50 m stratum), (2) Phase 2 (1997) — 120 for the Rainy Season
Survey (respectively, 55, 52 and 13 in each of the strata) and 120 for the Dry Season Survey
(tespectively, 55, 50 and 15 in each of the strata). The actual positions of trawl stations agreed with
the planned locations with a few except_ioﬁs. | ‘ | |

Hauted distances and the width between wing-nets were recorded in afl stations. These allowed

for the cafculation of mean values of area swept per haul, shown in Table 3,

Table 3. Area swept per haut (km),

- Phase
Area swept i 2
Rainy Season Dry Season Rainy Scason Dry Season
Mean - 0.08855 0.08837 007473
Standard deviation . 0.02300 0.02797 0.02457
Range - 00370§—0.14468  0.04013—0.16438 0.02741-0.13538

The mean value of area swept per haul in the Phase 2 Dry Scason Survey was some 0.014 km’
smaller than in the two previous surveys. Also, mean net mouth height was 3.9 m in the Phase 2 Dry
Scason Survey — about 1 m lower than in the other surveys at 4.8 m and 4.7 m, respectively. This

discrepancy may account for a slight difference in the estimation of stock size between the latest and

the previous surveys.

b) Biological Survey
Table 4 shows the number of spcc:mcns of cach ke) flsh specnes w hose size distribution was

determined (body lcngth composition data) and of those subjccted to a multi-item biological

measurement.



‘Table 4. Number of specimens' used in biological survey.

Phase L
Key fish species i -1
Rainy Season Dry Season Rainy Season Dry Scason
- BLC MIBMs BLC MIBMs BLC MIBMs BLC MIBMs

Brachyplatystoma vaillantii - - 1,079 286 3,165 995 1,130 360
Brachyplatystoma flavicans - - ¢ 194 37 440 0 310
Brachyplatystoma filamentosum - - 0 3 0 12 0 3
Plagioscion squamosissimus - “ 0 21 0 58 i} 32
Cynoscion acoupa - - 0 12 0 17 0 30
Macrodon ancylodon . - 4,025 1,265 6912 1,762 4393 1,755
Arius parkeri - - 13 214 ©0 358 17 457

BLC : Body length composition ; MIBMs : Multi-item biological measurements

¢) Preliminary Tagging Experiments

In Phase 2, experimenlal tagging was carried out in 9 stations in the Rainy Season Survey and

in 7 in the Dry Season Survey. Release stations of tagged fish were located in the 5-10 m stratum in

the offshore the Southern and Northern Channels {some points actuatly in the 10-20 m stratum in the

Northern Channel front). The number of tagged and released specimens per species was as follows:

piramutaba Brrach}pla!ysroma vaiilantii, 830 specimens (43¢ in the Rainy Season, 400 in the Dry

Season); dourada B. flavicans, 172 specimens (169 in the Rainy Season, 3 in the Dry Season); and

fithote B. filamentosum, 3 specimens (all in the Rainy Season). The total number of tagged and

released specimens was 1,005 (602 in the Rainy Scason, 403 in the Dry Seascn).

To the present, no tagged and released specimen has been recevered.

d) Oceanographic Observations

" Data on verlical water temperature and salinity, pH in the surface and weather conditions were

* obtained for all traw! statipns, However, water current direction and velocity was recorded only in 72

" stations in the Phase 1 Dry Season Survey, and in 107 and 97 stations respectively in the Phase 2

Rainy Season and Dry Season Surveys.

4.2. Laboratory Survey

Tablc 5 shows the number of age character samples taken from individuals of the seven key fish

species, and that of specimens used for measurements of rings.



Table 5. Number of samples for age determination, with the number of specimens used for measurements of

vings indicated in parentheses.

SR Age __Phase
Key fishspecies  ~ characters _ 1 _ 2

| B ' - Rainy Season  Dry Season Rainy Season  Dry Season
Brachyplatysioma vaillantii Vertebra 5 207 497 (100) 243 (132)
Brachyplatystoma flavicans Vericbra 2 169 © 362 (98) 271 (100)
Brachyplatystoma filamentosum  Vertebra 2 3 10 (1) 3 3
Plagioscion sqﬁamos:‘ssimus Otolith 3 11 38 (38 33 (32)
Cynoscion acoupa - Otolith 2 9 15 { 15) 30 ( _3'0)
AMacrodon ancyloden Otolith 4 . - 103 ( 51
Arius parkeri Vertebra 1 187 334 (1138) 452 (118)

4.3. Landing Site Survey

a) Collection of Fishery Statistics _ . : :
Main fishery statistics collected through the survéy comprise.d the 1980;1990 fishery ﬁfatistics
reports published by the Brazilian Institute of Geography and Statistics (IBGE) and the 1994
Camario Norte e Piramutaba report issued by IBAMA. |

b) Interview Survey and/or Size Composition Survey o ' _

Localities where either survey took place add up to 2:8 points centered around the Amazonian
Estuary, including Manaus, Iranduba, Obidos, Santarém in the upper course¢ of the Estuary.
Interviews were conducted with a total of 218 individuals. The Size Composlition. Survey was
performed on 4,601 specimens of piramutaba Brachyplatystoma vaillantii, 2,198 of dourada B.
flavicans, 167 of filhote B. filamentosum, 2,652 of pescad_a-branca Plagioscion Squamosissimus,

370 of pescada-amarela Cynoscion acoupa, 900 of pescadinha-gd Macroden ancylodon and 213 of

gurijuba Arius parkeri.

[/



5. RESULTS

5.1, Sea-Borne Survey

a) Distribution and Standing Stock Size of Key Fish Species
The distribution figures reflecting catch weight in each trawl station are shown as revised at each
square kilometer. Stock size in wcight was calculated according to the melhodolog)'-' explained in
3.la.
a-1) Distribution |
The di:stribution pattern of the seven key fish specics was divided into the following
groups accorﬂing to wa'tér depth:

(O Speciés distributed rﬁainly iﬁ waters shallower than 10 m, here called freshwater fishes:
piramutaba Brachyp!alys!omé vaillaniii, dourada B. flavicans, filhote B. filamentosun:
and pescada-branca Plagioscion squamosissimus.

'(2) Species distributed mai.nly in waters deeper than 10 m, here called marine (seawater)
| fishes: pescada-amarel'a Cynoscion acoupa, pescadinha-go Macrodon ancyleden and
gl'nrijuba‘Arius pérken’.
_ As it will be shown, lﬁere is a bottom salinity front around the 10 m isobath, so this
fr(‘mtal.zone could be a mixed distribution region for these two groups, or perhaps the
'boundlary for their respective distfibu_tions.
Among the four freshwater species, piramutaba showed wider distribution —
particularly in the Rainy Season — and higher density in kg/km! near thc banks of the
Amazonian Esteary (Fable 6, Fig. 3).

Taﬁle 6. Mean density by stratum for freshwater fish species (kg/km®).

Stratum Phase
Key fish sPecies (isobath range) - i N 2
Dsy Season  Rainy Season  Dry Season
Piramutaba 5=10m 88 684 212
Brach yp!al}'srbma vaillantii. ~ 10—10m 33 95 5
= Dourada . 5=10m 6% 150 136
 Brachyplatystoma flavicans 10—20m 7 15 e
Filhote 5—10m 2 3 (0.9)
Brachyplatystoma fitamentosum  10=20m - (0.1) 0 0
Pescada branca 5—10m 1 9 3
_Plagloscion squomosissimus _10—20m Q 0 Q

None of those 4 species occurred in the 20~ 50m stratum.



(A)

sCoasfid
A¥A cijaL Do suL
- J;,qi-n

JILHA DE MARAIO

CABQ MAGUARI

(B)

Figure 3. The density {kg/km’) of a freshwater species Piramutaba Brach_mfatyiwma vaillentii al each station,

12 (A) Phase 2 Rainy Season Survey; (B) P'has't_: 2 liry Season Susvey.



Conversely, among the three marine species, pescadinha-go presented wider
drsmbution and h:gher densu} in kg/km? . This species occurred in practically all marinc areas
e\ccept for thosc near the estuary banks, where p:ramutaba predominated. ngh densities of
pescadmha-go were found in the 10-20 m stratum in the southern portion of the study arca,
during the Phase 2 Dry Season — in contrast to their scattered distribution in waters deeper

than 10 m in the Rainy Se_asbn of the same Phase {Table 7, Fig. 4).

Table 7. Mean density by stratum for marine fish species (kg/km'),

_ Stratum Phase
Key fish species { isobath range ) 1 2
‘ ‘ Dry Season  Rainy Scason  Dry Scason

Pescada amarela . 5—10m 4 1 20
Cynoscion acoupa 10—20m 18 22 50
. 20—50m 15 8 15
Pescadinhago 5—10m 11 86 1t
Macrodon ancylodon 10—20m Lk 19% 228
“ : 20—50m 20 301 107
Gurijuba 5—10m 19 69 137
Arius parkeri - 10—20m 120 137 179
20—50m 17 33 T0

a-2) Stock size

Estimates of the stock size of the key fish species are shown in Table 8. The stock size
of the four freshwater species piramutaba, dourada, filhote and pescada-branca was large in the
Rainy Season, when the Amazon River discharge is voluminous, and small in the Dry Season.
Most of the stock size of those species was found in the 5-10 m stratum, regardless of the scason.
Of the four freshwater species, piraniutaba had the targest stock size. The total stock size of
piramutaba had é wide seasonal variation: 13,260 tonnes in the Rainy Season, and 2,341 and
3,723 tonnes respectively in each ny Season. The stock size of filhote and pescada-branca was
very small, ranging from 7 to 137 tonnes in the course of the survey.

- Of the three marine species, pescada-amarcla and gurijuba had their total stock size
increased in chronologlcal order — values for the Phase 2 Dry Scason, respectively 1,279 and
5,824 tonnes, were 2.6 and 2.1 times larger than those for the Phase 1 Dry Season. The total
stock size of bescadinha-gé was 7,406 tonnes in the Phase 2 Rainy Season, a value about
9, 000 tonues larger than that of the prewous Dry Season and 3,000 tonnes larger than that of
the following Dry Season. Those three specics had 50- 80% of their respective total slock size
(4_0% for pescadmha-go in the Rainy Season) found in the 10-20 m stratum.

Fishes other than the ké)' fish species who showéd targe stock size included the sea
catfishes cambéua (Thomas Qea caiﬁsh) Arius grandicassis, cangata (Bressou sea catfish) 4.
quadriscutis and jurupiranga (sﬁﬁhead sea catfish) A. rugispinis, as well as the sciacnid

pescada-cambugu (green weakfish) Cynoscion virescens (sce color plates).
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Figurc 4, The density‘ (kg/km®} of a niarine species Pescadinha-gé Macroden ancylodon at cach station. (A)
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Table 8. Stock size estimates of key fish species.

Stock size in tonnes

Key fish species Stratum _ phase _
(isobath range inm) 1 2
' Dry Season Rainy Season  Dry Season
Piramutaba 5--10 1,510 11,710 3,648
Brachyplatystoma vaillantii 10—20 831 1490 N
: - Totat 24 ) I3 260 3 23
95% confidence interval +1,962 +9, 980 +3,764
Coeflicient of variation 37% % A%
Dourada —10 1,164 2,577 2,336
Brachyplatystoma flavicans 10 —_2@_ o 107 703 246
 Fotual 1 271 3,280 2,582
95% confidence interval +730 %1, 684 *1, 587
Coeflicient of variation 24% 22% 0%
. Filhote 5—10 29 53 7
Brackyplatystoma filamentosum o 10—20 2 o ¢
' Total 31 53 7
N 95% confidence interval *38 +55 +13
5 Coefficient of variation 3% 44% 8%
Pescada branca ' 5—10 21 157 43
Plagioscion squamosi.ssimus 95% confidence interval +30 _ *135 +42
- - - CoefTicient of variation 65% 8%  43%
Pescada amarela 5—10 64 67 349
C}nosc.ron acoupa f0—20 289 339 790
_____ 20350 143 L 146
Total 496 A 1,279
95% confidence interval +304 +333 +684 )
_ i Coefiicient of variation 38% i_ 3% : :Z'Ei ,,:
Pescadinha go 3—10 184 1,481 182
Macrodon ancylodon 10—20 1,214 3,127 3,586
2050 182 2,798 91
~ Total. 1,580 7406 4759
_ 95%confidence interval  *578  X2,511 +1,899
) 76&&16@ ofvariation 7%  18% 18%
Gurijuba - IO 678 1,178 2,363
Arius parkeri 10 -—20 1,389 2,157 2,813
2050 155 310 648
Toml 2,722 3,645 5,824
" 95% confidenice interval +1,003 +1,372 * l, 757778777
" Coefficient of variation ~ 17% i 14%

Area by stratum: 17,200km? (5-10m), 15,700km’ (10-20m), 9,300km’ (20-50m), and 42,200km’(total).
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b) Biology of Key Fish Spécies
b-1) Size composition

Distinctivé features of size composition of the key fish sp'ecies. were summarized from
the Final 'cho'rt in Table 9, with cach 1 cm size class for pcscadinha—gé and each 2 cm size
class for the other spemcs

The four freshwater. specues were found to have the follo\ung size ranges throug’hout
the surveys: ptramutaba 2-70 cmy; dourada 4-84 cm; ﬁlhote 14-68 cm; and pescada-branca,
6-68 cm. Mean sizes in each seasonal survey were: plramutaba 25-29 cm; dourada, 47-49
cm; filhote, 34-43 cm; and pescada-branca 21-35 cm. Except for piramutaba, all species
reached Iargcr sizes in the Rainy Season. The mean size of piramutaba decrc_asad in survey
order. Piramu.taba and dourada had their respective mean size laiger in the 5-10 m stratum.
Except for the poorly samp!éd fithote, the rémaining three species had a poly-tﬁodal size
distribution pattern, and fhéir dominant modes in o§¢rall size composition in each survey
occurred in the following size.class ranges: piramuiabé_, 14-24 cn; dourada,‘SB-()G cm; and
pescada-branca, 10-14 cm. The dominant modal claésés were Iargcr in the Rainy Season.

The three manne species were found to have the follomng size ranges throughout the
surveys: pescada-amarela, 64-120 cm; pescadmha-go 2—40 cmy, and gurijuba, 12-134 cm. Mean
sizes in each seasonal survey were: pcscada—amarela 95-. 96 cm, pescadmha-go 17-18 ¢m; and
gurnjuba, 50-53 cm, their respective seasonal amphtudes not being wide. Thc mean sizes by
stratumn for those three species became larger from shallow to deep sirata. Slze dlstnbunon pattem
was poly-modal for pescada-amarcla and gurijuba, and mono-modal for pescadinha-go. The
dominant modes in overall sizé composition in each shrvey occurred in the following size class
ranges: pescada-amarela, 98-120 ¢m; pescadinha-gé, 15-18 cm; and gurijuba, 28—30 cm (Rainy
Season) and 40-46 cm (Dry Seasons). Their dominant mode classes in each season and stratum
are clearly depth-dependent, their becoming larger from shallow to decp strata.

Except for pescada-amarela, the stock of the other six key species included the

recruitment of their small fish outside the catchable éize.

b-2) Relationship between body length and weight
The relationship between body length and weight for the key fish species. — given by
the equation W = aL® x 10 (W, body weight in grams; L, body length in centimeters; a, b,
coefﬁc:cnts) — was presented in figure W nh the correlation coefﬁc:ent r and the number of
specimens n (see Final Report) In thns repOrt vaiucs of ab,r and n are shown in Table 10.
Because there was no significant difference between sexes in the relationship, the result
was established through the combined data for both sexes. The cérrelation Coefﬁ(_:ients in eacﬁ
survey (in all surveys for filhote and pescada-amarela) are very high f‘or all key fish speciés

and their respective relationships were very similar to each other.



Table 9. Summarized size composition of key fish species.

)] Piramutaba Brach;platyktoma valilentii

Distribution

Survey season Stratum Totalnumber  Fork lengthinem Dominant
(isobath range) of specimens  Range Mean patlém modal class (cm)
Phase | Dry 5-10m 9,153 4~ 68 29 poly-modal 14—~ 16
10-20m 5808 6-— 52 29  poly-modal 20— 22
Usiom 14960 4-— 68 29 polymodal 14— 16
—E;sﬁesiﬁainy C 5-0m 86,009 4— 70 28 poly-modal 22— 24
_10-20m 12,644 44— 68 24 poly-modal 10— 12
) 5.20m 98653 4—-— 70 28 poly-modal 2_2— —_Zﬂ o
" Phase 2 Dry 5-10m 3734  2-— 68 25 poly-modal 14— 16
~1o0-20m 793 6 —- 60 23 poly-modal 16 — 18
5-20m 31,927 2— 638 25 poly-modal 14— 16
(2) Dourada Brachyplatystoma flavicans
Survey season Stratum Total number Fork length in em Distribution Dominant
(isobath range}  of specimens  Range Mean pattern modal class {(cm)
Phase 1 Dry 5-10m 1,973 6— 82 47 poly-modal 58 — 60
~ 10-20m 315 10 ~ 66 42 poly-modal 60 — 62
B 5-20m 2288 6— 82 47 polymodal S8 — 60
* Phase 2 Rainy 5-10m 472 6 80 49 poly-modal 64 — 66
__16-20m 1,184 6 — 84 45 poly-modal 58 — 60
- 5-20m 5906  6— 84 49  polymodal 64 — 66
* Phase 2 Bry 5-10m 4,657 4— 82 49 poly-modal 62 — 64
10-20m 656 6— 70 40 poly-modal 6— 8§
5-20m 5,313 4- 82 48  poly-modal 62 — 64
(3) Filhote Brachyplatystoma filamensiosum
Survey season Stratom Totatnumber  Fork length in cm Distribution Dominant
(isobath range}  of specimens ] Range 7 Meany o pattern modal class (cm)
Phase 1 Dry 5-10m 18 60 — 62 61 - -
_10-20m 20 4-28 2 -~ i -
5-20m 30 14 62 34 — =
Phase2Rainy  5-10m 129 14— 68 43 - 62— 64
Phase2Dry  5-10m 30 28— 48 37 - =
{4) Pescada branca Plagioscion séudmasissimus
Survey season Stratum .  Totalnumber _ Totallengthinem  Distribution Dominant
' {isobathrange) of specimens Range Mean pattemn modal class {cm)
_ Phase I Dry 5-0m 207 38— 58 21 poly-modal 10— 12
Phase 2 Rainy 5-10m 568 8&— 68 35  polymodal  §2- 14
Phase 2 Dry 5-10m 385  6— 66 21  poly-modal 0~ 12
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Table 9, Continued

(5) Pescada aﬁarela C}fmsc-’oh acoupa

_“Totglv!ez}gdl ,i'?f-'}'L B Distribution

Dominant

Survey season Stratum Total number
' (isobathrange) of sp'ecimens Range Mean pattern modal ¢lass {cm)
Phase | Bry 5-10m 15 68 — .94 82 - 92— %4
10-20m 1 88 — 104 98 - 102 — 104
20-50m 24 88114 . 101 — —
5-50m 150 68 — 114 95 poly-modal 102 — 104
“Phase2Rainy  5-10m 0 70 — 102 32 — 92 — 94
10-20m 139 64 — 120 97 poly-modal ? 118 — 120
20-50m 16 94—~ 96 95 - 94 — 96
5-50m 185 64 — 120 926 poly-modal 118 — 120 -
Phase 2 Dry 5-0m 164 66 — 112 88 poly-modal - 88— 90
9-20m - 273 706 — 120 99 poly-modal 104 — 106
20-50m 25 98— 100 99 - 98 — 100
5-50m 462 66 — 120 95 - poly-modal . 98 — 100
(6) Pescadinha go Macrodon ancylodon L. .
Survey season Stratum Total number Total length in cm Distribution Modal class
{isobathrange) of specimens Range Mean ‘pattern“ . . {em)
Phase t Dry 5-10m 23,019 2 - 37 t4 mono-modal 13— 15
10-20m 81,235 5— 37 18 mono-modal 17— 18
20-50m 4,376 6~ 33 18 mono-modal 18— 19
5-50m 108,630 2—- 3 17 mono-modal 17— 18
" Phase 2 Rainy 5-10m 175,921 6 — 32 16  monomeodal © 13~ 14
10-20m 251,102 5— 40 17 mono-modal 15— 16
20-50m 76887 7— 36 19 mono-modal 17 - 18
5-50m 503910 S — 40 17 mono-modal 15— 16
a Phase 2 Dry 5-10m 28,679 4 — 35 14 mono-modal 12—~ 13
10-20m 263,668 5— 40 13 mong-meodal - 17
20-50m 30,813 10 — 32 19 mono-modal 20 — 21
5-50m 323,160 4 — 40 18 rono-modal 16 — 17
* Some low-peak, poorly defined modes were disregarded.
{7) Gurijuba Arius parkeri ‘
Survey season Stratum Totainumber  Fork length in cm Distribution Dominant
{isobath range)  of specimens R@— Mean pattem modal class (cm)
Phase 1 Dry 5-10m 1,080 18 — 78 46 poly-modat 42 — 44
10-20m 1,528 20 — 134 57 poly-modal 62 — 64
20-50m 40 60 — 78 69 = 76 — 78
o 5-50m 2648 18— 134 353 poly-modal 40 — 42
‘Phase 2 Rainy 5-10m 1415 12—116 51 - poly-modal 28 — 30
10-20m 2,763 12 — 108 50 poly-modal 28— 30
. 20-50m 207 12— 74 46 - 40 ~ 42
o 5-50m 4385 © 12 —1186 50 - poly-medal 28 - 30
Phase 2 Dry 5-10m 3369 16 — 92 50 poly-modal 42 — 44
10-20m 3324 16 — 9 53 poly-modal 44 — 46
20-50m 236 38 - 86 64 - -
5-50m 6929 16— 96 52 poly-modal 44 — 46

5



Table 10, Rela(ionship between body length and weight for key fish specices.

Key fish species Survey W=al" X 10°
. season a b T n
Piramutaba Phasc 1 Dry 5 3582 0997 286
Brachyplatystoma vaillantii  Phas¢ 2 Rainy 6 2% 0997 995
: Phase 2 Dry 5 3.1498  0.998 160
. Dourada Phase t Dry 5 3.1892 0991 194
Brachyplatystoma flavicans  Phase 2 Rainy 8 30608 0.99% 440
Phase 2 Diy S 31161 0998 310
_ Filhote All scasons 9 3.0467 0995 18
Brachyplatystoma filamentosum
Pescada branca Phase 1 Dry 9 29914 059% 21
Plagioscion squamosissimus  Phase 2 Rainy 8 3.0545 0994 58
Phase 2 Dy 7 30455 0994 32
Pescada amarela All scasons 0. 27380 0957 59
Cynoscion acovpa

Pescadinha go Phase 1 Dry 80 34153 0.991 1,266
Macrodon ancylodon Phase 2 Rainy 70 34472 0993 1,762
L Phase 2 Dry 1 33493 0.989 1,755
Gurijuba Phase 1 Duy 2 33153 0.987 214
Arius parkeri Phase 2 Rainy 4 31882 0990 358
Phase 2 Dry 2 32693 09U 457

b-3) Sex ratio

Sex ratio for the key fish specics (number of female specimens / number of male

specimens) is given in Table 11.

Among the seven key fish species, filhote, pescada-branca and pescada-amarela had

few specimens and thus their sex ratio as determined was regarded as unreliable. Overalt sex

ratio for the other four species was, in survey order: piramutaba, 2.06, 0.86 and 1.04;

dourada, 1.18, 1.17 and 1.71; pescadinha-gé, 1.08, 1.45 and. 1.04; gurijuba, .65, 0.86 and

1.24. Except for dourada, of which few specimens were caught in different strata, the other

three species of this latter group indicated a depth-dependent change in their sex ratio. In all

seasons, piramutaba had a higher sex ratio in deeper stratum. Pescadinha-gé had a higher sex

ratio in deeper stratum in Phase 1, but in shallower stratum in Phase 2. However, the sex ratio

of gurijuba was the reverse of that of pescadinha-god.

7
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Table 11, Sex ratio for key fish species,

Stratum Phase . B
Key fish specigs { isobath range ) 1 © 2
' ' ‘ Dry Season Rainy Season Dy Season
Piramutaba . 5--10m 1.55 080 1.04
Brachyplatystoma vailiantii 10—-20m - 190 1.67
' {Only female) ' ' .
_ s—20m - 206 0.86 104
Dourada 5—10m 1.08 1.34 1,75
Brachyplatystoma flavicans 10--20m 3.33 0.72 1.39
' ' 5-20m . LI18 1.17 1.71
Filhote 5—-10m - G.70 2.00
Brachyplatystoma filamentosum : (Only femalc) '
 Pescadabranca 5—10m 1.50 121 5.00
Plagioscion squamosissimus ' ‘ '
Pescada amarela : 5—-10m 033 4.00 1.38
Cynoscion acoupa 10—20m 0.60 .13 0.35
20— 50m 0 - 0
{Only male) (Only female) {Only male)
‘ 5—50m 0.36 1.50 0.64
Pescadinha go 5—m 0.84 170 ' 262
Macrodon ancylodon 10—-20m 1.10 133 1.04
20—50m - 221 136 Q.63
_‘ 5-50m 1.08 1.45 1.04
Gurijuba 5—-10m . 138 0.78 1.03
Arius parkeri 10—20m 1.70 0.82 1.52
20—50m 0 1.95 2.79
{Only male)
5—50m 1.65 0.86 1.24

b-4) Female maturity stage

Frequency of female individuals ((fcmaleé / females + males + individuals with
mdctermmate sex} x 100) and composition of female maturity stages b) size group {small,
intermediate and !arge) are presented in Table 12,

“Among the four freshwater species, all females of p:ramutaba dourada and ﬁlhote were
immature \mhout refation to their sizes. Small and mlcrmediate -size females of pescada-
branca were all lmmatun,, but thc largc-s:zc females were 1mmature scml—maturc mature and
spent (post-spa“ mng)

Of the marine specnes all small females and most of the ‘medium-size females of
pescadinha-go and gurijuba were immature. Many of the large-size females of pescadinha-go
were immature (Phase | Dry Season and Phase 2 Réiny Season) or semi-mature (Phase 2 Dry
Scason). Many of the large-size females of guriju.ba were semi-mature (Phase 1 Dry Scason),
spent {Phase 2 Rainy Season) or mature (Phase 2 Dry Season). Females of pescadé-amarela in
the 60-120 cm size range were mostly semt~mature {Phase 2).

Except for filhote and pescada-amare!a the frequency of the olhcr ﬁve species

indicated a size-dependent, being higher the larger the fish.



Table 12. Femate frequency and maturity stage composition by size group for key fish species. The

latter indicated in parenthesis.

Size groups Phase -
Key fish species (body length range) 1
L " Dy Season Rainy Season Dry Season
Piramutaba Small size 6 14 11
Brachyplatystoma vaillantii (under 20cm) {{: 100) (: 100) {d: 100)
: Intermediale size 27. - 36 32
(20-40cm) (E: 100) (: 100) {1: 100)
Large size 76 35 42
o {over 40cm) g:100) {: 100) (1: 100) -
Dourada Small size 0 5 |
Brachyplalystoma flavicans {under 20cm) : (l}_!gQ) {{: 100)
Intermediate size 43 50 59
{20-50cm) (L 100) {1: t00) (i: 100)
Large size 55 55 62
(over 50¢cm) {1: 100) (I: 100) (I: 100)
Filhote - 44
Brachyplatystoma filamenfosum (1: 100} : from all data
Pescada branca Small size 0 15 0
Piagioscion Squamosissimus {under 20cm) (L 190)
Intermediate size 0 27 0
(20-40cm) o {1: 100)
Large size 76 69 83
x (over 40cm) {11: 32, 1I[: 32, 1V: 36) {: 36,11 19, 1L 45) (I: 19, 1: 81)
" Pescada amarela 60-120cm size 217 60 39
. C}nbsbfon acoupa (1: 50, 15: 25, 1 25} (11 67,111 33) UeAs a2y
Pescadinha go Small size 5 0 0
MMacrodon ancylodon __ (under 16cm) (1: 100)
Intermediate size 37 40 34
{10-20cm) (1:93,1:6,111: 1} (- 100) 78,18 22)
Large size 82 78 56
(over 20cm)  (1:59,11:29,1H: 10,1V: 2) (1: 33,113, 111: §) (§: 26, 11: 56, I11: 18)
Gurijuba Small size 21 41 36
_ Arius parkeri {under 40cm) (I: 160) (i: 120} (I: 100}
Intermediate size 53 39 53
o {40-80cm) (L8 12.1LS) (L8701 10,1V:3) (1350110, 1:3,1V: 2)
Large size 79 69 79
{over 80cm) {5 13,16 34,111 38) (37,167, 1V: 56) (3,122,111 62, 1V: 13)

* 1. immature, 1I; semi-mature, FHI: mature, IV: spent.

b-3) Feeding habits

Stomach contents of the key fish species were analyzed via the occurrence method.

The three species of Brachyplatystoma, pescada-branca and gurijuba were found to be

piscivorous, although their diet sometimes also included shrimp. Pescada-branca was found to

* feed on fish and shrimp, and pescadinha-gé mainly on shrimp.
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¢) The Oceanic Envirenment

c-1) Water tcmperature and sahmty

Water temperature and salinity observed during the survey was respechvel) w:thm
25.9-30.7°C and 0. 05-36.70 psu ranges. Four clusters were determined from T-S diagrams,
defined as the followmg water masses:

(1) River waters: water temperatute 28-29°C (Dry Seasons) and 27-28.5°C (Ram)
Season); salinity < 1 psu; in areas between the isobaths of 5 m and 20 m, and between
0-15 m deep (the occurrence in decper than 10 m deep is limited to off the Northern
Channe} of the Amazon);

(2) Offshore ocean waters: 26—28 5°C and =35 psu; mainly in areas betweensthe isobaths
of 10 m and 50 m, and throughout the water column in the Dry Scasons, and only below
5 m deep in the Ramy Season; _

(3) High-temperature surface waters: 29—_30,5"(3 and 0.05-34 psu; in areas between the
isobaths of 5 m and 20 m, and between 0-12 m deep in the Dry Seasons (mostly betﬁ’een
0-5m deep) and between 0-2 m deep in the Rainy Season,

(4) Mixed river and ocean waters: 27-29°C and 1-35 psu; over the entue marme arca
except for locations where there were the ocean water or river water columns from the
surface to the botiom, such as offshore and near shore areas in the survey area, and
between 0-20m deep. The vertical distribution of salmny formed two types of w ater
columns, one of vertically well-mixed fresh and marine waters, the other a stratified
water column forming a hatocline. The former case occurred in areas between the
isobaths of 5 m and 20 m and had salinity values as high as those offshore, while the
{atter was found almost over the entire area, and from a few meters below the surface
down to 10 m deep although in the Rainy Season it could occur below 10 m deep.

The salinity distribution in the bottom fayer (1 m above the sea floor) exerts great
influence on the distribution of demersal fishes. The salinity distribution pattern in the Phase 2
Rainy and Dry Seasons are illustrated in Figure 5. Since the observations were taken over two
months, the lack of simultaneilj’ must be taken into account. - _

River waters occurred near the river mouth at the Amizonian Estuary, and ocean waters
were distributed from near the isdbath of 20 m to the offshore continental shelf. In the Rainy
Season, river waters somewhat influenced offshore, while in the Dry Season ocean watess did so
inshore. Those two w ater mass formed mixed waters over a 50-100 km-mde area through thelr
interactions. Because of the great changes i in salinity across the continental shelf, it appears Lhat a
kottom front has been formed near the isobath of 10 m in the Amazonian Estuary south of !.at.ituc‘le'
22 N. Particularly, the existence of a consplcuous salinity front near 1° N revealed the bottom is

strongly influcaced by the flow of river waters ﬁ'om the Amazon.
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c-2) Distribution of pH in the surface
Values of pH observcd over the entire survey were in the 7 05-3. 64 range. A pH value
“of 8.0 was found in the area betwzen the isobaths of 10 m and 20m, and pH was lower than
that value in the shoreward area from that area and hlghcr in the offshore,

On the other hand, pH valucs in the arca between the isobath of 5-10 m north of
latitude 2° N and west of longitude 50° W were relauyely hlgher than those in other areas of
the same isobath range.

¢-3) Curreat conditions _ ‘
~ Dueto problems concerning the petformanée of the equiprhent and its measurement of
la}er. thickness, data on current conditions were limited. Also, data on the speed in the
shoreward arca from around the isobath of 10 m were obtained by problematlc means and are
therefore omitted. _

Currents in the surface layer were predominantly dlrected across the continental shelf
(enher towards the shore or off), suggeshng they are regulated b) tides. Currents in the bottom
layer seem stronger in areas toward the offshore. Also, there seems to be a relatively strong
northward and nosihwestward curfents in the northern offshore portion of the survey area. The
highest current speed recorded was about 150 cm/s. Cur_rénfs were stronger in the surface
layer than in the bottom layer and it appears that a vertical shear has been fo.rr'ned.

The current direction in the area between the isébath of 5 m and 10 m suggested the
outflow of the Amazon River would be the most important cause fbr determining that.

c-4) Mcteorology

Fair weather was overwhelmingly more frequent in the Dry Seasons, while there were
about cqual frequencies of fair and cloudy weather in the Rainy Season. P're\'failing winds were
gentle breezes from the east. Predominant wave heights were 0.1-1.25 in in the Dry Seasons

and 0.1-0.3 m in the Rainy Season.

5.2, Laboratory Survey

a) Selection of Age Characters
Vertebral centra were selected as age characters for piramutaba Brachypjalys_!qma vaillantii,
dourada B. flavicans, ﬁlhot'c B. ﬁfamentosum and gurijuba Arius parkeri, while otoliths were chosen

for pescada-branca P!agioscwn squamos:ss:mus pescada-amarela Cynoscion acoupa and

pcscadmha g6 Macrodon ancylodon

b) Selection of Fish Body Parts to Be Samp!ed

As a gencral standard, sertebrae fiom thc Hoth to thc 20th were chosen as samples for age

determmauon.
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¢) Relétionship Between Size of Age Characters and Body Length
The relationship between vertebral centrum radius and fork length, and between otolith radius and
total length, was calculated by means of a lincar or an exponcntial regression equation, of which the one

with the highest correlation coefficient was choscn. The selected expressions were:

~ piramutaba FL = 143.41 CR*™ £ =0.993 (Fig. 6)

dovrada FL = 147.49 CR°™” r=0.990
fithote FL = 129.14 CR**® r=0.987
pescada-branca TL= 74.51 OR'™ r= 0979
pescada-amarcla  TL =469.72 OR*% r =0.694
pescadinha-g6  TL=118.97 OR*™ r=10.694 {Fig. 7)
gurijuba FL = 145.62 CR"™ r=0.986
where
FL :fork Ilenglh fmm) B0t ; E :
TL : total length (mim) il R ORI v
CR : radius of vertebral centrum s n =947
OR - radius of otolith ; 600 £
r : correlation coeflicient f;: 400 o g g
‘: 240
Correlation between size 1o
of age character and body o : ; ‘ ; _ ;
¢.0 1.0 2.0 3.0 4.9 5.0 &.0 1.0 8.0

length was very high for all

Redive of centrum {mm}
species except pescada-amarela
and pescadinha-gd. Samples of

Figure 6. Relationship between vertebral centrum radius and fork

length in Piramutaba Brackyplatystoma vaillontii.
pescada-amarela were biased

toward large fish (farger than

500
60 cm in total length), and
otoliths of pescadinha-gd were 190
too small and led to errors in s
measurement, 0 the correlation z
' =
between otolith radius and Z 200 fo
. . E
: ;
total length was low for those F ) T
. 100 i r=0.694
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Figure 7. Relationship between otolith radius and total length in

Pescadinha-gd Macrodon ancylodon.
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d) Correspondence in Ring Formation

For all key fish species, the radius of each ring {f1, I7,..., [) was blotted against the radius R of
the character (Vcnebrai centrum or otolitﬁ) for each ring group. Then a regression line for the
distribution of those values was calcﬁ!ated as passing through the origin of the coordinates (for
example, see Fié 8 for piramulaba or ‘Fi‘g 9‘for pescadinha-go), and the value points would be

scattered a!ong that line. This scaﬂered distribution of ring radius valucs showed that there was no

correspondence between mdmduals in ring formation.
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Figure 8. Refationship between vertebral centrum and ri'ng' radii by ring group in Piramutaba

Brachyplatystoma vaillantii.
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Figure 9. Relationship between otolith and ring radii by ring group in Pescadinha-gé Macredon ancylodon,

¢) Periodicity of Ring Formation
For all key fish species, in order to identify the period of ring fonnauon in thelr respectwe age
characters, the marginal increment of vertebra centruom or otolith, exprcssed by {« ), was defined as:
R oA |
' T s
where R :radius of centrum or otolith (mm}
' 1, :radius of the oulc:mosl rog (mm)
¥..; . 1adius of the ring just behind the outermost one (mm)

In case there is periodicity in ring formalion, the value of « should be below 1.0,



The value of « did not remain below 1.0, but rather surpassed that valug very often. This a

valug allowed to deduce there is no periodicity in ring formation.

f) Cohort Analysis of Size Composition

Among the key fish spcc:es distribution of length frequencies of piramutaba, dourada,

pcscadmha-go and guruuba as obtamcd during the Sea-Borne Survey was submitted to onc to four

ilerations of moving averagc feadmg to a cohort analysis. The results identified 4-9 cohorts, and

examplcs ar¢ found in Fig. 10 for gunj‘uba and Fig. 11 for pescadinha-gd.

Each cohort was adjusted to a normal distribution curve (Figs. 10 and 11), to whose modal

length {mean length) a Ford-Walford plot (Walford, 1946) was applied to estimate maximum length.

However, this estimated value proved not ta be reasonable (for instance, see Fig. 12 for a Ford-

Waiford plot for piramutaba). This may be interpreted as an indication that population growth is not

periodical, or that a cohort is not expressing an annual class.
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Figure 10. Cohort analyéis of size composition for Piramutaba Brachyplatystoma vaillantii (After 2nd

iterations of m(i\'ing a\'erage). {A) Phase 1 Bry Season Survey; (B) Phase 2 Rainy Season Survey:

(C) Phase 2 Dry Season Survey.
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2} Conclusions
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Age determination was {ried through the study of rings found in age charactcrs {vertebral centra
and otoliths) of key fish species and by means of cohort analysis of size composition, but by thc end
of this survey both of those methods proved either unfeamhle or inconclusive. But lhe rmgs formed in
cach age charactcr (scales, vertebral centra, otohlhs) are not poorer than those found in species of
temperate and cold reglons Those rings are thought to reflect ﬂuctualions in the melabohsm related
to various aspects of the fishes life history: growth, deve!opment, spawning, etc., and as such they
are the subject for future research and a contin_uatio:i of this study is expected. Conérélely, it 15 quite
possibl.e that individudls with marginal increments over 1 could havé, extefnally to the outermost
ring, one or lwo rings that are fully formed but overlooked. Furthenncre a two type of sample in a
ring diametcr size in the center position were recognized. These are classnﬁed into the following ring
types:

type-1  a relatively large diameter 1ing
type-2  a fairly small diameter ring

The difference in diameter sizes of type-| an_d type-i are presumably originatgd in the difference
of spawning seasons of samples. Type-1 was 'rdoslly spawned after the ring forrdation period. On the
centrary, type-2 was mostly spawned before the ring formation period.

At present, individual differcnces in perceptnon among those who read nngs are undeniable, soin
the future it will be necessary that samples collected so far are ree\cammed as it becorngs possnble to
discern those etements imporiant for age determmatwn aad the problem of rmg reading is solved. At

that stage, continuous collection of samples will be needed over the )ears



5.3. Landing Site Survey

a) An Outline of Fisheries in Northern Bxl*azil Based on Fishery Statistics
a-1) Fisheries production in Northem Brazil .

From 1978 to 1989, total fisheries producuon in Braznl varied with a mlmmum amoum of
800 thousand tonnes in each of thc bookend years 1978 and 1989, and peaking in 1985 with 960
lhousand tonnes — the 19th Iargcst catch in the world. Fisheries producuon in Northem Brazil
formed by scven States — yielded 90- l80 thousand tonnes {1020 % of that of the cntm, country},
with a slight tendency toward increase. 4On the other hand, fisheries productxon in the Statc of Pard
has been of about IOO__fonnes (50-30% of that of Noﬁhcm Brazil), tcndiﬁg to decrcase. The
percentage of inland waters fishery préduclion_in ﬁle total fisheries production has becn around
60 % for the State of Para, 80% for No;them Brazil and 20% for all Brazil. The importance of
inland waters fisheries is a particular feature of Mosthern Brazil, which inclﬁdes the State of Para.
Piramutaba combn'sed about 30% of the inland fisheries production in the State of Pard in the
1980-1989 period. This specics is of most importance for the State of Pard (Sources: IBGE,
1981-1990, except 1985; IBAMA, 1994).

a-2) Production of piramutaba in Northern Brazil and catch effort for piramutaba by industrial fishery
Production of piramutaba — the most important commercial fish in the Amazonian
Estuary — varied from 10 to 30 thousand tonnes in Northem Brazil between 1980 and 1989.
Over 60% of that total was caught by industrial fishery trawlers in the State of Par4, and that
percentage rose to about 90% after 1981. Maximum catch effort by industrial fishery trawlers
was obtained in 1980, with 69 ﬁshing vessels, about 700 fishing trips and a total of some
9,000 days at sea. Catch per unit effort (CPUE) reached its peak in 1977, with about 630

tonnes per vesscl, 45 tonnes per trip and 4.8 tonnes per day at sea.

5-3) Commercial routé .of piramutaba ,

Some 8()“90% of plramutaba caught in the 1987-1988 period were utilized as raw
matenal (mamly as chilled round fish) for products. About 80-35% of that raw material were
processed into fish products. Frozen fish head, frozen headless fish and frozen fish meat cuts
with bonc madc up for over £0% of the total of those fish products. Some 60-80% of those
products are sold to thé domestic market as frozen fish fillet, frozcn fish meat cuts with bone
and frozen headless fish. In the 1984-1990 period, some 4,000 tonnes of piramutaba were
e'-cponed at a value of US$ 5 million. The mean export pr:cc for plramutaba - US$ 1- 2Ikg —
“was lower r than that of fish in gcneral ‘US$ 2-3/kg (Sourcc IBAMA, 1994).

b) Status of Fisheries in the Amazonian Estuary Based on the Tnterview Survey
The number of fishermen and fishing vessels in artisanal fishery communitics depended on the size of

markets for consumption, and fheir geographical distribution was not determined by proximity to fishing
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grounds — a major feature of this river basin. In most cascs, the basic fisheries infrastructure in the
community was underdeveloped. Thc standard fishing vesscl would have the following features: tonnage,
<1-30 tonnes, power, 0-100 HP, length, <5-25 m, made of wood. In gencral, vessel size and equipment
tended to depcm:i upon the size of the community to which they belonged. The equipment, howci-'f:'r, was
poor in any case. Over 90% of the fishing gear utilized were gill nets, and longlines made up for the rest.
Most ﬁsherrnch — inc!uding all with spet:ial skills — belonge’ct to fisherman colonies or‘gmxized in their
respccme communities. Recently, hm\e\ er, the activity of these colonies have becn laid stagnant

Industrial fishery compames use much !arger and more po“erful bottom trawlers than vessels
cmploy ed in artnsanal ﬁshcry — tonnage, 85 100 tonnes power, 300-350 HP; length, 22-23 m;
steel made. Their mfrastructure was complete with landmg jetties, processmg plants etc.

Annual landed quantlty of fish per vessel tended to depend upon the latter's size and ¢quipment.
For both artisanal and industriat ﬂshcncs, the annual number of ﬁshmg days was between 100 and
300 days (220 on the averug.e);' hott'evet, the number of fishing days per trip was 'l-ligher in industrial
fishery than in artisanal fishery. In the latter, duration of fishing time per haul was generally 10-12
hours with gilf nets. Thé uuntber of crew members on board in artisanal fishery was about 5; in
industrial fishery, the crew numbered 5-9. '

Industrial bottom trawl ﬁshmg e\htbsted by far the hzghest value of catch per da} at 2 000 4,000
kg/day. With a few exceptlons, there were no significant differences in catch per day per tonne
between indusirial and ariisanal fisherics or their respective fishing methods, being under 30
kg/day/ton. Catch per day per horsepower was 8-35 kg!day!hp for industrial bottom trawl fishing
and 16-42 kg/day/hp for part of artisanal gill net fishing (less than 10 kg/day/hp in other cases).

Fishing grounds exploited by artisanal fishery comprised the coastal area of Marajé Bay and the
Amazon River, but switched to the Northern Channel of the Amazon River in the Ra_iny Season. Landed
fish species were independent of fisheries type or gear, and comprise freshwater and marinc' fishes.

For most species retail prices were the same regardless of community size, with a tendency to be
higher in the Rainy Season. On the other hand, the export pnce for plramutaba fillets sold to the United
States by industrial fishery compames was 2 1o 3 times hlgher than the retail price for piramutaba sold in
Belém. Purchase prices paid by fishery brokers varied according to fish species and community size,
being about 1/2-1/3 of retail prices. Most brokers \\outd purchase highly rated fish spemes from specific

fishing vessels regardless of size or degree of freshness, to w holesale them at the market.

¢) Commercial Sizes of Key Fnsh Specnes

The mean process size of p;ramutaba Bmchjp!al}sloma va:l!antu landed by mdustnal bottom
teawlers was 36-37 em fork length while the mean market size of the same specaes tanded by artisanal
gill nets was 35-57cm. The mean size of plramutaba as sold in markcts was larger at Ver-o-Peso The
mean process size of dourada Brachyplatystoma flavicans landed by mdusmal bottom trawlers was 51

cm fork length, and the mean market size of the same species tanded by artisanal gill nets was 34-69cm.



The mean market size of dourada was again targer at Ver-0-Peso. The other five key fish species were not

landed by the industrial fishery and their mean market size were as follows: filhote Brachyplaiystoma

Sfilamentosum, 77em t"or’k length (Ver-o-Peso si}x}; pescada-branca Plagioscion squamosissimus, 31-47¢m

total tength (with one exception, no difference in market siz¢); pescada-amarcla Cynoscion aconpa, 53-

109cm total tength (larger size at Ver-o-Peso); pescadinha-gd Macrodon ancylodon, 23-31cm total length

(larger size at Ver-o-Peso); gurijﬁba Arius parkefi, 61-78 cm fork length (smaller size at Ver-o-Peso).

d) Some Problems Concerning Fishery Economics in the Amazonian Estuary

Based on the Interview Survey conducted, some problems concering fishery economics in the

Amazonian Estuary are summarized in Table 13.

Table 13, Some problems concerning fishery economics (fishing and distribution) in the Amazonian Estuary.

Heading

Problem

Fisheries production

Work in fisheries

L]

Low equipment assets and fisheries productivity in artisanal fishery

Dechine in stocks of piramutaba, an imperlant fish caught in large quantities

Catch concentrated on slocks of relatively large demersal fish

Said fish highly ranked in food chain and less abendant than other lower-ranking animals in the chain
Said fish allowed by their life histories to adapt lo live within the confines of the Amazon River
Mouth, which become their fishing grounds

Fish distribution over fishing grounds va;a}ing with seasonal environmental changes, particularty
river water dynamics which is linked to rainy and dry seasons

Incorupleteness of information on migration, fish run and life history of key fish species for fisheries
Lack of statistics on calch, landing and effort of artisanal fishery (a thorough data system still to
be implemented)

Intensification of competition within industrial fishery companies for stock procurement and
conflict between industrial and artisanal lishenes

Low diversity of fisheries, mainly concentrated on twa Kinds — gill net and botiom trawd net fishing

Majority of lishery workers are full-time professionals

Many fishery workers are laborers hifed by the capitalistic fisheries

Relatively few household-managing hishermen

Many underemployed laborers among fishery workers, particularly the formers from sural areas
to urban centers )

M‘igralionfof )'OL.mg. worker:s out of ﬁshing villages due to increase of fabor demand in cities

Low vatue of labor ;(v.';arker sﬁrpl.us)‘

Fishery wotker movements are difficult to undecstand

Insiability of employment relations {fishing season-term jbbs, contracts in uncertain terms, etc.)

Peculiarities of work conditions {on board work, seasonal work, irmegular working hours, elc.)
Controlling employment relations

Reduction of hired labor following firancial difficulties in industrial fishery
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‘Table 13, Continued

Heading

- Problem

Fishcries management »

Cooperatives - Finance

Distnbution and price

Fishing villages

»

*

Instability of fisherics management leading to low confidence in financing
Shortége of goverment loans and the like ‘ _
Stocking and l;:an system of brokers and vessel owners (advance pa)ménl of funds)
Fatlure of ﬁshe:y household managemenk system

High capﬂal«mtenswe debt sate — poor capnlal turnover rate — high fixed rales (gencra]

. characteristics of the ph}swal constittion of capitalistic management)

Increase in ﬁshery cost due to sudden price hikes of fisheries supplies such as nets and fuel
Increase in fisheries as a speculative venture {entry of funds outside from lisheries)

Qualitative crudity of Rsheries processing

Mohopo!y of comumerce of fishery ﬁroducls by brokers

Lack of impro\'c_rmf_.-m in distribution mechanisms, particularly in the wholesale system
Precariousness of quality control _

Distribution is overwhelmingly of fresh fishery products, leaving little room for durable iteins
such as frozen or processed products

Distribution is overwhelmingly of food products, with few avenues for products not destined for
human consumption, such as animal feed, fodder or fertilizers

Export prices of piramutaba products are fixed

Low diversity of export items

Relatively high prices of fishery products

Lack of cooperatives related to fisheries (fisheries cooperative associations, fishermen's production
associalions, {ish processors” cooperative associations, and the like), legislation stil} to be established
Government and its agency financing institutions stil} to be es-talﬁlishcd

Lack of low-interest financing organizations and of a guaranl?:e §)‘sicm for making up for loss of
confidence in fisheries |

Stagnancy in the movement of existing fishermen colonics

Relatively backward living environment, with a shortage of medical and public welfare facilities,
community centers aml {ibraries

Insuflicient countermeasures agams! contamination ot' ﬁshmg grounds, particularly lack of
treatment facilities for industrial and urban sewage, waste, trash and refuse in fishing villages
within city limiis | o

Lack of consolidation of an infrastructure for fisheries i}roduclion, esperially of items related to
the villager’s daily l.i!'.e, such as ﬁshing ports, sites 6!' public use and roads around them

Lack of cold storage facilities and distribution S}’slems such as shif);;ing facilities

Migration of young workers from ﬁshing villages to urban centers without leaving successors
Abwfp(ion of a surplus urban populamm, a‘.pecmll) nouceable in ﬁshmg villages within city

perimeters

Few self-supporting Aishermen, a majority of hired laborers in the industry
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6. EVALUATION OF EXPLOITED FISHERY RESOURCES

6.1. | Present St_alus of Exploited Fishery Resources

In order to evaluate the presen! status of ﬁsher) resources in the Amazom;m Estuary, it is
necessary to have a clear picture of the actual situation of fisheries in that region. ‘What follows is a
summary of the results from the Landmg Site Survey from the standpomt of fisherics production.

There, ﬁshcry resources have been caught and utilized by small-scale artisanal fishery and by
industrial fishery. Artisanal fishery makes usc of small ﬂshirig boats, targeting mainly coastal fish species
with their gilt nets. Their productivity is relatively tow and their catch is sold to fishery brokers. The
basic ﬁsheries infrastructure in the artisanal fishermen villages is insufficiently consolidated and there is
not enoﬁgh information that could concretely show the entire picture of artisanal fishery.

On the other hénd, most industrial fishery companics have a fishing division and a proccssing
division. Their fishing divisions are using hired professional fishermen aboard 100 ton-class powered
steel \.'csseis,“c'atching mainly piramutaba Brachyplafystoma vaillantii with bottom trawl nets both
offshore and in the same waters exploited by the artisanal fishery. In their processing divisions, hired
taborers mainly produce fishery products centered on frozen products by using the landed fish as their
raw materials. These industries have official approval and their fishery activities are well documented.

Catch statistics for artisanal fishery in the Amazonian Estuary are not known at present.
Fortunately, fhe resuits of the current Lanﬁing Site Survey allowed to cstimate the total catch of the 56
fishermen colonies in the State of Pard for the year 1996 as approximatcly 39,210 tonnes. IBAMA
reported the total catch of industrial fishery for 1996 as 13,204 tonnes. Comparing catches of both
fisheries for that Eycar, it can be scen that the artisanal fishery catch was at least three times the industrial
fishery catch. That alone i\'oﬁld show the imbortance of artisanal fishery from the standpoint of catch.
Since, howévcr, c'atc:h statistics of artisanal fishery are unavailable, the present status of exploited fishery
resources should be made clearer through the analysis of the relatively complete annual data on catch and

fishery statistics of industrial fishery.

a) Catch Statistics of Industrial Fishery
IBAMA has published bottom trawl catch statistics by industrial fishery over a pesiod of 25
years, from 1972 tq. 1996. According to these, the total catch by the bottom trawl increased from
. 7,771 tonnes (7,771 tonnes for piramutaba) in 1972 to a maximum of 33,482 tonnes (32,123 tonnes
for piramutaba} in 1977; afterwards, it declined over the years and in 1992 it reached 9,492 tonnes
(7,342 tonnes for piramutaba), a redﬁct_ion to 28% of the maximum catch value ever obtained.

However, since the industry introduced in 1993 the practice of multiple-trawler fishing, catch has
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risen again, with a total of 13,204 tonnes (11,641 tonnes f‘or piramutaba) in 1996. Statistics for
1997 have not been published yet aé of J une 1998. In the abovc-méhlid:ie'd period the percentage of
piramutaba compnsed from 77% {in 1992) to 100% (in 1972, 1973 and 1974) of those stafistics.

The item “Othcrs includes duurada Brachyplatystoma ﬂawcans mero Epinephelus itajara,
gurijuba Arius parkeri, filhote Brach)p!afys!oma Slamentosum and other species.

As exp?amcd before, since industrial fishery stausucs md:cate plramutaba is the most important
target fish for the mdustry, the evaluation of the prescm status of fishery resources exploitation can
be focused on this species. For that, it would be necessary to deduce piramutaba catch by industrial
fishery in 1997, An estimate catch of 7,370 i_oﬁues waé caiculatcd for that )'ea;’s catch from the

annual statistics of piramutaba catch in 1977-1996.

b) Resources Survey | . _ ,

The resources survey was ccnduclcd‘with the same vessels and _methodology in the 1996 Dry
Season (.August to September) and 1997 Rainy and Dry Seasons (respectively, March to April and
August to September). _ ‘ o . _

The stock size calculated from the catch by cod-end (mesh size 100 mm) is called the catchable
stock size — the basis for resources management. \ ‘ _

Catchable stock size of the seven 'key fishes is shown in Table 14. A nufnber of points can be
observed: | . L _ : :

(1) Estimated total stock size was as follows: 33,660 tonnes for the 1996 Dry Season,
45,610 tonnes for the 1997 Rainy Season and 67,270 tonnes for the 1997 Dry Season,
Seven key fishes represcated the following percentages of the total stock size: 20%,
44%, 20% in the respective seasonal surveys. _ _

(2) In cach scason, stocks of piramutaba, dourada, filhote, as well as of pescada-branca
Plagioscion squamosissimus, were mainly distributed in the 5-10 m stratum. In
contrast, stocks of pcscada—aﬁrarela Cynoscion acoupa, pescadinhé-gb Macrodon
ancyladon and gurijuba were found in depths from 5 to 50 m, being mainly distributed
in the 10-20 m stratum. | _

(3} Mean stock size for the three surveys was, in decreasing order, 5,820 tonnes for
piramutaba, 4,050 tonnes for gurijuba 2,340 tonneé for dourada and 740 tonnes for
- pescada-amarela. The other key fish species had a low stock size: 400 tonnes for
pescadinha-go, 70 tonnes for pescada- branca and 30 tonnes for ﬁlhote

(4) Estimated scasonal stock sizes of plramutaba were 1,990 and 3,330 tonnes for lhe
respective Dry Seasons ancl 12,150 tonnes for the Rainy Season. Seasonal stock sizes
of dourada were 1,200 and 2,560 tonnes for the respective Dr) Seasons and 3,250

tonnes for the Rainy Season. In both cases, those stock sizes were higher in the Rainy
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Scason, as piramutaba and dourada live in riverine waters. In other words, in the Rainy
Season the freshwater portion in the survey area expands toward the offshere due to
precipilal.ion, widening tﬁe distribution area and increasing the deasity for both specics.
The incfeas: in stack sizes of piramutaba and dourada in the 1997 Dry Reason was duc
to the fact that density (kg/km?) of both speci.es in the 5-10 m stratum was higher than
in the 1996 Dry Season. Estimated seasonal stock sizes of gurijuba were 2,710 and
5,820 tonnes for the respective Dry Seasons and 3,630 tonnes for the Rainy Scason.
The increase in gurijuba stock size in the 1997 Dry Scason can be expliaiucd by the fact

that density in the 5-20 m depth range was higher than in the 1996 Dry Season.
6.2. Evaluation of Exploited Fishery Resources

A comprehensive evaluation of resources requires a thorough view of both the qualitative and
quantitative aspects of catchable stock. The former includes biological parameters such as growth,
maturation, spawning and natural mortality, the latter refers to the stock size. However, as explained later,

the available data on those biological parameters are quite incomplete at present. In the following scciions

the catchable stock size of piramutaba is evaluated, mosily focusing on the quantitative aspects.

a) Catch and Catchable Stock Size

The current status of piramutaba stocks was evaluated based on catch and catchable stock size.
As mentioned before, catch by industrial fishery in 1996 amounted to 11,641 tonnes according to
fishery statistics, and the ¢stimate for 1997 based on the catch variation in 1977-1996 is of 7,370
tonnes. The corresponding catchab!e stock sizes were 1,990 tonnes for 1996, from the Dry Season,
and 7,740 tonnes for 1997, calculated from a mean value between Rainy and Dry Seasons.

Comparing catch and catchable stock size, it can be observed that the difference between both
values is a theoretically impossible contradiction — namely, in 1926 and 1997 the industry would
have caught respectively 5.8 times and 1.0 time the catchable stock size of piramutaba.

With respect o this, the catchable stock size in 1996 is only based on the Dry Scason data, and
thé catch in 1977 is an estimated value calculated from catch variation of the past 20 years. On the
other hand, for the estimation of stock size, the distribution area of piramutaba -— particularly in the
offshore area of the Southern Channel and area shallower than Sm water depth -— was not
thoroughly covered by the survey, and ﬁsﬁing gear efficiency was assumed as 1.0. Thus, cerfain
prerequisite conditions for stock estimalion were not met, leading to an underestimated value of
stock size.

In contrast, a primary factor of overestimation, the herding effect of the fishing gear, has been

ignéred. The estimated stock size of piramutaba shows a Jarge variation between the Rainy and Dry
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Scasons, as the water discharge of the Amazon River rises or falls.

One of the indicators of accuracy in stock size estimates is the coefficient of varation, which
should be around 10% to be of any practical valuc for stock management. For all six key fish
species except gurijuba, the coefficient of variation ranged from 20% to 90%. Another such
indicator, the cohﬁdence interval of 95% for stock size estimates of key fish specics, had a wide
amplitude. Therefore, stock size estimates in this survey for key fish species other than gurijuba
{cocfficient of variation 14--18%) cannot be said to be very accurate.

Despite the existence of uncertain issues as described above on the actual relationship between
catch and stock, itis clear that in tecent years industrial fishery has caught many times the stock of

piramutaba and, it is possible to have exerted an damaging fishing pressure over their stocks.

b} Catch per Unit Effort (CPUE)
~Catch per unit effort (CPUE) is one of the numerical means for cxpressing stock condition,
IBAMA sta_tistics offer, besides catch, data on ﬁ_shiné effort such as number of operational vessels,
number of fishing trips and number of days at sea. Based oh those statistics of number of days at sea,
the CPUE of piramutaba was calculated for the period from 1975 to 1996, its variation being
illustrated in Figure 13. CPUE has declined for 3.2 tonnes/day in 1975 to 2.6 tonnes/day in 1996.
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Figure 13. Annual variation of CPUE for Piramutaba by industrial fishery. (Note: 1970s to 1992, two-
trawler fishing; from 1993 on, three- or four-trawler fishing). (Source: IBAMA, 1997).

Examining this yearly reduction in more detail, some aspects can be observed:
_ | {1) Based on a 25 year history and expericnce of exploitation, industrial fisheries have

concentrated on the selective fishing of piramutaba;
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(2) Asthey are caught, piramutaba are selected on boa.rd to meet commercial size ‘requir‘émcnts;

(3) More than the ofﬁciail)- licensed number of 48 vessels are operating in piramutaba
fisheries; ' _ : _

(4) Piramutaba ﬁshmg vessel setups from lhe early 70s untnl 1992 had been a panr of
trawlers draggmg one net. However, for reasons of cost reduction and compcnsatlon for
a decline in catch, the setup was changed in 1993 to three trawlers and two nets or four
trawless and three nets;

(5) Navigation instruments, school-detecting sonar and other- equipmeqt have been
in_stalléd aboard ﬁshing vesselé, recently resulting m relative improvements in catch
efficiency.

As the above itéms (1), {4) and tS) répresent an improvement in the quality of fishing effost, one

can think that the reequipment and res'calin'g of the ﬁsh'ing fleet by the industry in the period from

' 1975 to 1980 resulted in a decline of CPUE in recent years. Standardized studies of effort affecting

catch efficiency are necessary for'the correct assessment of the annual variation of CPUE.
Although not covered b} this sludy a revised vatue of CPUE cons:detmg recent mprovements

in fishing effort by the mdustr} should indicate a relative decline in plramutaba stock.

¢) Summary

58

To allow a comparison of these estimated stock size results with those in cther areas, Table 15
tists the results of demersal fish resources surveys conducted in various parls of the world, with
diffcrent survey vessels, key survey regions, survey period, survey area, number of trawl stations.
There, the mean density of potentially occurring demersal fishes, a standard adopted for all surveys,
was relatively low for the Amazonian Estuary: 0.8 and 1.6 tonnes/km’ in the Dry Season and 1.1
tonnes/km’ in the Rainy Scason.

Surveys have shown that in subarctic and temperate zones there are few species, each of them
abundant, while in the tropicsthere arc many species but little abundance — a fact described as “the
phenomenon of rich north vs. poor south” in the Northern hemisphére. Demersal fish stocks in the
neotropical Amazon River Mouth Area seflect this rule in that there are many species indef::d, while
it cannot be satd they are potentially abundant.

On the problem of species abundance with respect to the food chain, the number of individuals
of fishes ranicing high in the chain should be less than of lower-ranking ones. The key fish species
studicd in the presént survey were all biscivotous, and fheir low number of individuals could be also
due to their high position in the food chain. |

As described above, ﬁsher} resources in the Amazon River Moulh Arca cannot be s:ud to be
abundant in companson to other regions in the \\orld ‘Piramutaba stocks are targeted by the

industry and if one sees the question from several dlf’fcrcnt angles, the conclusron is that they have
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been sitvated in need of closely monitoring.

As the Ldnding Site Survcy revcélcd, fishermen said in interviews on the recent changes in
fisheries in the Amazonian Estuary that there has been “increase in ﬁshing effort (that is, in the
numb@; of vessels), decrease in catch, and no variation — or even a decrease — in size of the fish
caught”. _

Reﬂectmg upon these informations togethcr for instance, a reducnon of ﬁshmg cffort is

necessary in piramutaba fishery in thc Amazonian Estuary.

6.3. Procedures for Further Surveys and Research

An cvaluation of resources requires at demersal first some biological information on target
resources — data such as ége composition, sex ratio and stéék size. The next step ié to advance toward a
diagnosis of the resources by establishing their growth curve, maturation age, reproduction, natural
mortality rate, mortality ratc due to catch and so on. The combined analysis and eva]uation of all these
data would make possible a solid policy for the management of those resources.

This was the first systematic resources survey aimed at demersal fishes of the Amazon River
Mouth Area and, as such, it did not bring out much information that coutd be c‘iire'ctly ufilized f‘or_stock
cvaluation. However, precious data were obtained on biological aspects and on the stock size for the
scven key fish species. In erder to evaluate the present survey, the questions were orgahized below around
some usefut points. |

The trawl] survey method has the advantage of allowing to estimate stock size simultaneously to
collecting biological data on the target resources. The resources survey should be designed in a way of
getting a good coefficient of variation, which is directly rclated to the accuracy of the estimate and
depends on the distribution density of the target species and the number of trawl stations. Through
analyzing the coefficients of variation and confidence intervals of the estimated stock sizes for each
species by season or by stratum obtained from the present suwéy, an efficient plan of Suﬁrey per}od, area
and depth zone by target species can be established and it allows for a guite accurate estimate' of stock
size. ‘

Baody length data of target species were extremely important in order to clarify groml_i and age
compasition. Size composition of catch in covernet and cod-end reflected well the natural cdnditions of
the target stock. However, the catch landed at fishing ports, fish markets and compaﬁics by artisanal or
industrial fisheries may not reflect a natural size composition because that had been previously selected
fishing ground, fishing method and mesh size, and marketable size. Therefore, any study of size (age)
compaosition based on landcd catch demands much caution, ' |

Age dctermmauon of seven key fish specles was tried focusing on the rings formed on hard

structures — vertebral centra and otoliths, Howcver, as those rings turned out not to be formed
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periodically, age could not be determined through them. A cohort analysis based on size frequency
distribution — a_§ determincd by the Sea-Borne Survey — was performed, but this method did not yicld
positive results either. For an evaluation of the cur_rcht status of resources and the implemcntation of a
management policy, knowledge on growth and age of target species is cssQntial. Now it is necessary 1o
drive a continuous effort toward age determination by some methods such as féeding experiment, tagging
expenment sample collection of long continuance.

It is also gssential lo clcarl) know the age at matucation and the reproduction of {ish species.
This l;nowledge can be a trend mdlcator for the stock, as in many fishes a lowering of standards in the
stock is acéornpani;:d bj' a changé toward an earlier agf::' at inaturation.

[nformation on feeding habzls is extremcl) 1mporlant for clucidating the flow of energy in a
commumty Thercforc :t should be hercafter necessary to 1dent|f) food organisms and evaluate their
weight to allow for a quanmatwe analysns

" The blologncal parameters dcscnbed above are closely associated mth envuonmenta! changes in

the Amazcn Estuary through the rainy and dry seasons. It is important to COnSldCi‘ the present survey as a

blucpnnt for the steady continuation of data galhenng.
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7. UNUTILIZED AND UNEXPLOITED FISHERY RESOURCES
7.1, Unutilized Fishery Resources and Their Utitization

The e\:tstence of unutilized fishery FESOUTCES is mostl) knov\m through by catches obtamed from
existing ﬁshcr) Of FESOUTCCS SUTVEYS. Howeve er, the commcrcnal worth of the cxplo:tatlon of those
resources should be appraised - whether thelr value is high cnough o1 thcy can be caught in sizable |
numbers. From this viewpoint, unutilized ﬁshery fesources are deﬁned as compnswg those among the 104
fish species caplured during the resources survey that are not bemg commercnally ulilized — lhat is,
spectes outside the Brazitian domestic market — and uhosc stock size is large to a certain extent,

To evaluate which spemes are bcmg commercmlly utlhzed fish namcs taken from the ﬁshcr)
statlshcs published by the Brazman lnsmmc far Geograph) and Statlstlcs (lBGE) (1990 edltton as they
have not been issued aﬁcr 1991) and from the results of the ﬁsh price ﬂuctuallon survey rcgularly carncd
out at the Ver-o-Peso Market in Belém by the MPEG (in all 45 records from July 1994 10 June 1995) were
examined.

Two species — buchudinho Stellifer rastrifer and canguito Arius phrygiatus — can be picked
among the unutilized resources. The former is a small-size drum of about 15 cm, very commen as a
bycatch in industrial shrimp trawl ncts in the coast of the Guianas and the Guif of Paria. It does not have
much value as a food fish but, depending on the circumstances, it could be useful in the manufacture of
fisherics byproducts. By means of a trawl net with a 100 mm mesh cod-end, it would be possible to catch
about 10% of the stock. The latter species is a small-size sea catfish of about 20 cm without much
importance for the industry, but one that could have some value for houschold consumption in artisanat

fishermen. Also, like in the previous case, in the right circumstances it could serve for making fisheries

byproducts.

7.2. Unexploited Resources and the Possibility of Their Exploitation

Unexploited resources in the Amazon River Mouth Area are defined as those distributed offshore
in depths below 20 m — currently almost unexplored by either artisanal or industriat fisheries -—— and
whose stock size is large to a cerlain cxtcnt over 200 tonnes. ‘

The unexploited resources comprise thc following eleven species: the elasmobranchs cagiio
Carcharhinus porosus, martelo Sphyma fewini and cagao -rodela Sphyrna fudes; 1he ariids cambéua
Arius grandicassis, gurijuba A. parken and cangatd A. quaa’nscuns the sciaenids pescada-cambuqu

Cynoscion virescens, pescadinha-gd Macrodon ancylodon, pescada-curuca-grand¢ Mierepogonias
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ﬁ:rmen and pcscada sctc-buchos Nebris microps: and the trichiurid espada Trichiurus lepturus. Of
!hosc gu:uuba and pescadmha go are important specics in the Amazon River Moulh Arca. Pescada-
cambugu and pcscada-curuca-grandc are one of the most important commercial spcc:cs on the continental
shelf of the Venezuela and the Guianas and are marketed fresh. Sharks are ordinarily salted and the other
species are marketed fresh and ﬁave a certain commercial value,

One hopes the exploitation of those resources could be an altemaltive for the bottom-trawling by
mdustnal ﬁshcry that today concentrate on puamutaba Effective altemative methods of explomuon
could be emplo;ed such as longling fishing for sharks, pescada- cambu;;u or guruuba nocturnal herdmg-
hghl ﬁshmg for espada and, accordmg to thc occasion, trawl nets and gill nets for other species. In that
instance, a marketing research is needed to study the profitability of these fisheries and, upon lhclr fyuition,
it will be necessary to segulate the intensity of their exploitation by checking the annual fluctuation in

CPUE and bady length composition under continuous fishing effort.
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8 GUIDELINES FOR THE MANAGEMENT OF DEMERSAL FISHERY
RESOURCES IN THE AMAZONIAN ESTUARY

8.1, Characteristics of Fishéry Res_o.urc.es

Fishery resources comprise living organisms that are utilized by human beings through fishery
activities, and ﬁs such they have their own charactesistic features. One is the fact they are renewable
natural résourc'es. and 1hercf6re different from inihcrél resources such as petroleum, coal and the likc
Also, the) are free from ownefshnp Furthennore, they undergo cnough changes to render uncertain any
predlct:ons of their future. '

Frcedom for o\mershlp may lead to overc‘cp!onauon and stock erosion, but the ablht) of sclf-reneu al

can make fishery resources, with proper management, a shared propeny of humankind for a long time 1o come.

8.2. The Concept of Fishery Resources Management

Fishery resources being scif-renewable, if adequate measures are taken, it would be possible to
continuously explore them and later hand them over to future generations. The increment of biomass of a
given species in a closed area is usually expressed by a logistic (sigmoid) curve with small differential
values at the origin and at the carrying capacity level, and large differential values at the middle biomass
level, In fishery resources, total biomass increase (increase in growth and recruitment) minus total
biomass reduction {(catch and natural mortality) equals surplus yield, which corresponds to the
sustainable yield and is represented by a parabola-shaped curve against a progress of exploitation of

stock biomass. If fisheries utilized only the surplus yield, there would not be a consequent decrease in

biomass.

8.3. Trends in Fishery Resources Management

Current trends in fishery resources management had to change drastically with regards to past
nclinations due to the United Nations Convention on the Law of the Sea. By this convention, it is
recognized that the sovereign rights of exploitation of living resources in the Exclusive Economic Zone
(EEZ) belong to the adjacent coastal nations, who would .determine their capacity to harvest therﬁ and
take proper action toward their conservation and management. Those natiohs would determine their
respective allowable catch and the surplus, if any, should be offered to other nations. .

Future fishery resources management should be in accordance with this convention. Thércfore, it is

urgent that the Government of Brazi! evaluate the present status of various fishery resources in the EEZ

and then organize its own management policy.
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8.4. A Summary of Fisheries and Resources

The fisheries and their resources in the Amazontan Fsluar) so far elucidated from the present study

can be summmzed as follows:

a) In General

a-1) The basic fisheries infrastructure or socioeconomic infrastructure of the fishing communitics
in the Aniézbniaﬁ Estuary is underdeveloped, and fisheries education is not widespread. This
results in people refated to fisheries Jacking the mentality of propetly utilizing fishery
resources for the long run $0 as to keep them on for the common good of humankind.

a-2) As it is charactensnc of tropxcat areas, fish spec:es are numerous there. However, the
poﬁﬁiation density of each species is low, and thus fishery resources are not abundant.

a-3) Piramutaba, the industrial fishery prime target stock in the Estuary, is in a condition of

overcexploitation.

b) Regardiﬁg Artisanal Fishery .

b-1) Within émployfﬁg their current ﬁshing gears and applyiﬁg their current rate of effort, the
impact on ﬁShe_ry resources by anisénal fishery cannot be strong. It will be impossible this
fleet would ovcrﬁshlthc piramutaba stock.

b-2) The anisanﬁl fleet explores a larger arca, catches more different specics, makes a better
sclection of profitable fish sizes as compared to the industrial fleet.

b-3) The infrastructure utilized by the artisanal fleet is underdeveloped, and so ports and places
utitized for fish landing and processing facilitics are hygienically precarious.

b-4) Fishermen of the artisanal fleet are not effectively organized into unions or societies. Their
professional minds prohibit government officers from guiding and inquiring on their fisherics

organizations.

c) Regarding Industrial Fishery
c-1) Fishery resources in the rcglon have been heavily exploited both selectively and arbitranily by
the industrial ﬁshcry
' c-2) Correspondmgly non- larget species and small individuals have been wastefully discarded,
mdmatmg that mdusinal ﬁsher:, is not properl) ut:hzmg fishery resources and is unable to
avoid squandering them.

Some recommendations are proposed next, based on the findings above.
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8.5. Recommendations for the Management of Fishery Resources

a) From the'Standpo'int of Fisheries Biology
a-1) Acquisition of blologlcal mformatwn

Sound management of ﬁshery TESOUICES requires the commuous maintenance of a
program of collecting basic biotogical data such as size and age composntlo_n of catch, CPUE
values for both artisanal and i'ndustrial fisheries in each kind of fishing ground (ﬁverlcstudry),
and season and place of §pa\\’ning In additibn it is neceSsary to publish 'pcriodic réports
contalmng anal)ses of those data and currcnt estlmatcs of some |mp0rtant biological
parameters such as growth fate, mortaht} due to natural causes and to ﬁshmg, minimum size
for maturation, ¢tc. In this stud;, limited information was obtained on kcy fish specncs other
than piramutaba. It is necessary to make an ‘effort to obtain information also on those other
species. .

a-2) Follow-up to the fishery rcéources study _

Elucidation of the variation in fishery resources requires a premse picture of the
changes undergone by those resources wnder current fishery actmtles and environmentat
conditions. It is necessary to carry out many similar surveys in the future, usmg the same
methodology on a comparable scale. The s:lud)"ate; :shoul_d be only shal.lowl Qé_ters (5tc 20
m), for instance 5-10m stratum for threc species of Bkaéhyp!a&stama and peséada-branca
and $0-20m stratum for pescada-amarela, pescadinha-go and gurijuba, in order to decrease
the vartance in their stock size estimaleé.

a-3) Collection, organization and management of fishery statistics _

For the efﬁci_c:nt and sus_tainablc exploitation of ﬁshery resources, it is essential that
the collection, organization and ma.nagement of all fishery statistics is carried out by the
appropriate fisheries admiuiétralion agency.

(1) Artisana! fishery
It is necessary 1o make an cffort so as to obtain, at the very least, statistics for
monthly catch and fishing effort by fish species.
(2) Industrial fishery ‘ .

i) It is necessary to improve the present ﬁshery statistics , especially position
information on the fishing operations. There is also the need to mcrease the ability of
quickly proccssmg data on catch by month by fishing ground by ﬁsh species and
siz¢. Once those ﬁShu]’) statnsncs are fully prowded their analysus mll enable the

formulation of a strategy for fishery resources management



if) Changes in fishing cffort promoted By the introduction of three- and multiple-
trawler fishing instcad of the customary two-trawler technique have to be cvaluvated
with regards to the power and efficiency of those recent fishing method.
iii) It is néccésary to conduct tagging experiments with the commescially important
lafgc catfishes of fhé genus Brach}pln?ys!oma to study their migratory patterns.
a-4) Research on the amount of fishery resources discarded by industrial fishery flect
For an efﬁcient utilization of fishery resources and an accurate estimation of current
catch statistics, it is also necessary to elucidate the amount of fishery resources thrown away
by the industrial fleet.
a-3) Repopulation
Studics on the artificial reproduction and others of piramutaba should be conducted in

order to establish a general program of its stock repopulation.

b) Sociceconomic Considerations
b-1) Promotion of fisheries education
It is necessary to bring up qualified prefessionals through fisheries education at all
levels — specialized schools, high schools and colleges — both in Brazil as a whole and in
the States of Pard and Amapa in particular.
b-2) Education and organization of the fishing commumnitics
For fisheries management to become a recality, the most important point is the
undeistanding and cooperation in the fishing communitics regarding the management of
fishery resources. Continuous dissemination of fisheries education and knowtedge to these
people is essential. Existing cooperatives and associations involving artisanal fishermen
should be stimulated back into action at the very least.
People involved in industrial fishery are already organized in labor unions, but necd to
be better educated on fishery resources and on the conservation of water area environments.
b-3) Organization and arrangement of fisheries administration
The management, research and study of fishery resources in the northemn region of Brazil,
conducted at present mainly by CEPNORABAMA, requirc a proper enhancement of that
: organiiation to dﬁiy cope. with the diversification of emerging administrative and research issues.
b-4) Organization of the socioeconomic infrastructure
The soc'ioeconomic_ infrastruclure concerning production, processing, storage,
dislr_ibﬁtion, sales, etc. with respect to fisheries around the Amazonian Estuary should be
established prOperlj'. Also, ah educational program aimed at teaching local consumers how to
iJl'OCCSS and cook fish species that are usually discarded or not utilized by either the artisanal

or the tndusirial flcet is deemed necessary.
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€) Fishefy Regulations

8

‘Thete are two kinds of ﬁshéry regulalions. Qualitativc restrictions can be applied to fishing gear,
fishing methods, ﬁshisig grount_ls and fishing seasons — such as length and mesh-size limits.
Quantitatiyc restrictions refer to fishing efforf — e.g., a limit on the number of vessels or fishing
gear utilized. Generally speaking, fisheries regulations are used ih fact as a combination of several
regulatibns acéofding to the preseht status of fisheries.

For the enforcement of any kind of regulétion, however, it goes without sayiﬁg that proper
understanding and cooperation of fishery-related personne! should be obtained beforehand.

c-1) Rcélrictions on ﬁshing gear and fishing methods
- There are basiéally fwo kinds of fishing gear in ﬁshery in the Amazonian Estuary: the
boitom trawl net and the gill net. Longlines and all different kinds ‘of traps are restricted to
some areas closc to the coastling and are not of much importanée in total landed quantity of
fish in the Estvary.

Previous studies have shown the current gill net mesh sizes cannot 6verexploil the
target fishery resources. On the other hand, the bottom traw! net can cause the
overexploitation of these resources with littte effort. The restrictions here proposed should
apply to bottom trawl nets of the industrial fleet. -

As for the application of restrictions on c¢od-end mesh s‘izg',' there is no basic
information in the present study that could suggest either way. It is necessary that the 100 mm
minimum size for stretched cod-end established by taw on 9 March 1983 be observed.

c-2) Restrictions on fishing grounds and fishing seasons

The objective of restricting fishing grounds and: seasons is the conservation of the
larval or young fish of the target fishery resources and Ithat of their respective spawning
grounds and scasons for spawning fish school. Piramﬁtaba does not spawn in the Estuary, so
these restrictions wilt be not effective there. However, the small fishes are carried down to the
Estuary, which becomes their nursing ground, and th_e current legislation indeed forbids the
industrial fleet to eperate in this arca {south of 0° 05° N and west of ;18° 00” W).

Furthermore, the dry season is the period when pirarﬁutaba 5ch_06[s migrate up the
Amazon River. The total stock size of piramutaba in the survey area in the Dry Season is less
than in the Rain)" Season. Since the fish are confined into _Z;l restricted freshwater area in the
Estuary, industrial fishing vessels often operate inside the forbidden area duriﬁg this period.
Restrictions on the fishing season can reduce the impact of induslrial fleet activities on the

piramutaba stock in the Estuary.



¢-3) Rcstricﬁons on fishing effort
Lifuilatibﬁ on the number of vessels may be the most effective of all restrictions
proposed because it is comparatively more manageable. As a furst step, in restrictions on
ﬁshiﬁg efforf for piramutaba trawl fishing the number of licensed vessels should be reduced.
If further restrictions are needed, it would be appropriate to relate the number of lticensed
vessels to the estimated stock size of pirarutaba in the Dry and Rainy Seasons respectively.
An even stronger measure would be controlling the number of licensed vessels in accordance
* with closely monitored actual piramutaba resources conditions.
~Should a reduction of licensed vessels be adopted, there may be the problematic
possibiiity that the industrial fleet request monctary compensation for their cstimated tosses.
¢-4) Limitations on catch
This limitation should be put forth in accordance with the United Nations Convention
of the Law of the Sea in addition to other restrictions. In this case, the establishment of a
caich quota by spec.ies and a system of monitoring and enforcement by both the app'ropriatc
government administrative body and a research institution is essential. The above-mentioned
Brazilian Government Directive establishes the maximum catch allowed for piramutaba as
21,500 tonnes. As the totat landing quantity of piramutaba in recent ycars have fluctuated
around 10,000 tonnes, that maximum limit seems to overestimate the potential of the present

stock. M is suggested that maximum catch value be reduced.
8.6. The Raticnal Utilization of Fishery Resources and a Strategy for Fisheries Management

Based on the results of this project, and with the goal of providing grounds for the fisheries
management policy aimed at the sustainable devetopment of fishery resources in the area, the following

suggestions are proposed.

a) Special Suggestions on Piramutaba Fishing Grounds
a-1) Improvement of utilization of catch by industnal fishery
Investment in fishfood processing technology, marketing and nutritional education in
order to make diffesrent fishes more attractive for consumess should involve both government
agencics and the private sector. Better utilization of caught fishes — piramutaba and bycatch
oncs — will reduce waste of fishery resources in the piramutaba fishing grounds.
a-2) Encouragement of the usage of selective fishing gear
Bottom trawling is an expensive fishing method that is also lilife selective, and so its

usage should be more and more restricted in piramutaba fishing grounds. On the other hand,
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fishing gear such as gill nets and longlines are very selective and would hardly lead to the
6verﬁshing of Tocal stocks. The usage of resources-friendly gear would require many workers

and he'!'p employ a good number of the persorinel eventually laid off .by the industry.

b)'Genera'l Suggestions on the Fisheries in the Amazon River Mou.th Area
b-1) Encouragement of the utilization of other fishery resources, demersal and pelagic
“The vessels in the industfial ﬁshing fleet opn:fating in Northen;l‘ Brazil are actually
capable of exploring areas farther'aﬁd deéper into the ocean than they have doné hitherto.
- Those farther, deeper ‘enﬁrénments have nbt yet been'_commércialljr éxpl.o.ited and are
currently being -studied by Project REVIZEE (an acronym in Portuguese for Program for the
Evaluation of the Sustainable Potential of Living Resources in the E.\'cllusive Economical
Zone), a marine resources Survey project by the Brazilian Government. The results of that
study will be extremely important for the future organization of fisheries in northern Brazil,
and .could well contribute for the further expansion of the fishiﬁé activitics of the fleet now
concentrated mainly on piramutaba.
b-2) Preparation of the fisheries induﬁtry in order to \\'ork with a wider range of products
' Troj:lical fishing grounds typically harbor a great number of sﬁecies, each represented
a few more stacks with little biomass. Therefore, tropical fisheries should avaid specialization
~ that is, local flects should not concentrate on a single fishing stock. Proceséing of a large
number of specics is not casy as the market tends to be very conservative. Thus, research on
fishfood processing technology and investment in the marketing of a variety of fish specics is

recommended to overcome this situation.
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