5. RESULTS

51 Sea-Borne Survey

‘ 5.1.1. Demersal Fish Fauna

Most of the fish species living on the sea floor in the survey area choose habitats of respectively suitable
levels of salinity, and are unable to survive farther away. The bottom layer of the water column in the survey arca
was divi&ed into three water mass regions of different salinities: {1) river water, with salinity less than | psﬁ :(2)
ocean water, with saﬁnily equal to or above 35 psu; and {3) brackish water, with a wide gradient of salinity
(between 1 and 35 psu) resulting from the mixture of river and ocean waters, In this discussion, the demersal fish
species were respectively allocated to one of those water mass regions based on the maximum salinity of the
bottom layer they were caught in. (This bottom layer corresponds to the vertical distance between the sea floor
and the head rope, as measured by the net recorder. In trawl stations where this net mouth height could not be

measured, the mean value for all trawl! stations was considered instead.)

(a) Composition of the demersal fish fauna '
a-1) Demersal fish species composition in the entire survey area

Table 12 summanzes the composition of the demersal fish fauna caught in the entite survey
area. Fishes captured in the three surveys counted 104 species in 78 genera belonging to 43 families of 13
orders. The following groups were the richest in species composition: Perciformes, 40%; Siluriformes,
20%, Rajiformes, 10% and Clupeiformes, 9%.

As for the water mass regions where trawling took place, species composition was richer in
brackish waters (11 orders, 35 families, 61 genera, 81 species) than in either ocean (9 orders, 28 families,
53 genera, 69 species) or river (6 orders, 13 families, 23 genera, 30 species) waters. Demersal fish species
composition in brackish and ocean waters was remarkably similar to the above-mentioned overall specics
composilion. In river waters, however, the richest group was Siluriformes, making up for 47% of ail

species in that habitat,
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Table 12. Demersal fish species composition in the entive survey area.

Orders River walers Brackish walers Ocean walers Total
Families Genera Species  Families Gmcra Species  Families Genera Species  Families Genera Species
1. Carcharhiniformes 0 0 0 1 3 4 3 3 5 1 3 6
2. Rajiformes i 2 3 5 6 7 4 6 i 3 9 10
3. Elopiformes 0 0 0 2 2 2 ¢ 0 0 2 2 2
4. Anguilliformes 0 it 0 2 2 2 0 0 0 2 2 2
5. Clupeiformes 2 3 3 2 6 7 3 6 g 3 7 9
6. Silvriformes 510 14 7 12 20 2 4 7 7 13 21
7. Gymnotiformes 2 2 2 0 0 it ] 0 ¢ 2 2 2
8. Batrachoidiformes 0 0 0 1 1 ] 1 2 2 1 - 2 - 2
9. Lophiiformes ¢ 0 0 ¢ .0 0 1 1 1 1 1 1
10. Mugiliformes | 1 1 1 1 t 0 ¢ ¢ 1 1 1
11. Perciformes 2 5 7 11 24 KX ] 1222 35 4 30 42
12. Pleuronectiformes 0 0 0 2 k] 3 2 2 2 2 4 4
13. Tetraodontiformes ] 0 0 1 1 1 2 22 2 2 2
Total 13 23 30 35 61 81 28 53 - 69 43 78 104
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a-2) Demersal fish species composition by scasonal survey and by water mass regton

Table 13 shows the composition and incidence (% = number of tra\.'lzl stations where the species
was caught / number of trawl stations x 100) of demersal fish species in each seasox}al survey and water
mass region. Composition by seasonal survey was as folfows: Phase | Dry Season Survey, 79 species in
35 families; Phase 2 Rainy Season Survey, 83 species in 34 families; Phase 2 Dry Season Survey, 74

species in 3} familics. Composition by water mass region is detailed below. |

i) River waters

There was no much difference in species composition in the three seasonal surveys conducted in river
waters: Phase 1 Dry Season Survey, 19 species in 1.0 families (8 trawl statioms);. Phase 2 Rainy Season
Survey, 24 species in 12 families (18 trawd statiohs); Phase 2 Dry Season Survey, 26 species in 12 famitics
© (8 trawl stations). Most frequent families were Ariidae; Pimelodidae and Sciaenidae; these three taxa
together accounted for 58% of the fish species caught in the Phase 1 Dry Season Survcy, 50% of thosein the
Phase 2 Rainy Season Survey and 58% of those in the Phase 2 Dry Season Survey. Specics with a high
incidence in seasonal surveys included: canguito Arius phrygmms (100%, 94% and 100% of all stations
respectively in the Phase | Dry Season Survey, Phase 2 Rainy Season Survey and Phasc 2 Dry Season
Survey), family Anidac; dourada Brachyplatystoma flavicans (88%, 94% and 88% respectively, as above)
and piramutaba B. wvuillaniii (88%, 1000%, 100%), family Pimelodidag; pescada ‘cascuda preta
Plagioscion aurafus (88%, 78%, 63%) and pescada branca P. squamosissimus {50%, 56%, 75%), family
Sciacnidac; mandubé Ageneiosus ncayalensis (50%, 56%, 88%), family Ageneiosidae; and itui
Sternarchella sp. (30%, 83%, 63%), family Ap{cronoudac Also, in Phase 2, bacu rato Cenlrodaras
brachiatus, family Doradidag, occurred in 94% and 75% of the stat:ons in the Rainy and Dr) Season

Surveys respectively.



it) Brackish waters

S pécics comi:csition was less rich in the Phase 2 Diy Season Survey, with the following overall
statistics: Phase } Dry Season Survey, 65 species in 28 families (76 trawl stations); Phase 2 Rainy
Seasen Survey, 66 species in 28 families (82 trawl stations), Phase 2 Dry Season Survey, 51 speciesin
23 famities (79 trawl stations). Most frequen't families were Sciaenidae and Ariidae; these two taxa
together accounted for 35% of the fish 'sﬁecics’caught in the Phase 1 Dry Scason Survey, 32% of those
in the Phase 2 Rainy .Scason Survey and 39% of those in the Phase 2 Dry Season Survey. The species
with the highcst incidence in all surveys was pescadinha £0 Macrodon ancylodon, family Sciacnidag,
which occu'rrcd‘ir.l -89'%, 99% and 96% of all stations respeclively in the Phase | Dry Season Survey,
Phase 2 Rainy Séason Survey and Phase 2 Dry Season Survey). Other highly frequent species were the
sea calﬁéﬁes '(famil:y Ariiﬂac): cambéua Arins grandicassis (16%, 19% and 82% respectively, as
above), gurijuba A. parkeri (59%, 62%, 62.%), cangatd A. quadriscutis (76%, 76%, 86%),
jurupiranga A. rugispinis (59%; 62%, 70%), bandeirado Bagre bagre (16%, 79%, 80%) and uricica
Cathorops spixii (15%, 77%, 82%). Two rays of the family Dasyatidae were also frequent: arraia
morcego Das)aris geijkesi (58%, 67%, 70% respeclively, as above} and arrata bicuda D. guriata
{68%, 71%, 76%).

it} Ocean waters

Species composition did not differ much in the three seasonal surveys: Phase | Dry Season
Survey, 52 species in 24 famities {26 trawl stations); Phase 2 Rainy Season Survey, 50 species in 21
familtes (20 traw} stations); Phase 2 Dry Season Survey, 49 specics in 22 familics (33 trawl stations).
Most frequent families were Sciaenidae, Ariidae, Carangidae and Carcharhinidae, which accounted
together for about 50% of the fish species caught. Species with a high incidence in seasonal surveys
included: espada Trichiurus lepturus (88%, 55% and 52% of all stations respectively in the Phase 1
Dry Season Survey, Phase 2 Rainy Season Survey and Phase 2 Dry Season Survey), family
Trichiuridac; pescadinha go Macrodon ancylodon (65%, 80% and 94% respectively, as above), family
Sciaenidae; sardinha gato Odontognathus mucronatus (65%, 70%, 55%), family Pristigasteridac;
manjuba savelha Anchoa spinifer (54%,‘ 75%, 85%), family Engraulidac. Also seasonally frequent
were: Phase | Dry Season Survey and Phase 2 Rainy Season Survey — gostoso Peprilus paru (62%,
65% respectively), family Stromatcidae; Phase 2 Rainy and Dry Season Surveys — the ariids
bandeirado Bagre bagre (¥5%, 76% respectively), cambéua Arius grandicassis (65%, 82%) and
uricica Cathorops spfxii (60%, 64%); the sciaenid pescada cambugu Cynoscion virescens (10%, 67%

respectively) and the dasyatid arraia bicuda Daspartis guttata (60%, 82%).
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Table 13. Fish species composition of catches, (A) Phase 1 Pry Season Survey; (B) Phase 2 Rainy Season
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Survey; (C) Phase 2 Dry Season Survey, Water mass regions: RW, river waters; BW, brackish

waters; OW, ocean waters.

(A) ‘ ‘ . C
Water Salinify Number Number Number  Main families
mass  {psu) of of of  { Number of Incidence of species in traw! stations
trawl stations families specics species ) L
RW <1 8 10 19 Ardidae (5) 100% : Arius phrygiatus
: Pimelodidae (4) 88% : Brachyplatystoma flavicans?,
Doradidae (2) B. vaillantii¥*, and
Sciaenidae (2} ‘P!ag:‘oscion auratiis
C 50% : Ageneiosus ucayalesis,
Sternarchella sp., and
Plagioscion squamosissimus*
BW _ <35 76 28 65  Sciaenidae (14) ~ 89% : Macrodon ancylodon*
<5 9 Ariidze (9) 76% : Arius grandicassis,
<10 7 Carangidas (6) ‘ A. quadriscutis,
<1$§ 8 Pimelodidae (4) ~ and Bagre bagre
<20 7 Dasyatidae (3) 75% : Cathorops spixii -
<25 9 Pristipasteridae 68% : Dosyalis guitata
<30 ¥ (3)  59%: Arius parkeri¥
<35 19 and A. rugispinis
58% : Dasyatis geijkesi
54% : Nebris microps
ow =35 26 24 52  Sciaenidae (12) 88% : Trichiurus lepturus
Ariidae (6) 65% : ( Engraulidae ), _
Carangidae {5} Odontognathus mucronatus,
Carcharhinidae and Macroden ancylodon®
@)  62%: Peprilus paru
54% : Anchoa spinifer
Total - 110 st - - I
~" From Appendix Table 1. * Key fish species.
8)
Waler Salinity Number Number Number  Main families
mass  (psu) of of .of  ( Number of Incidence of species in trawl stations
trawl stations families species species ) o
RW <1 18 12 24 Pimelodidae (5) 100% : Brachyplatystoma vaillantii*
Ariidae {4} 94% : Centrodoras brachiatus,
Sciaenidae {3) ‘Arius phrygiatus, and
Dasyatidae {2)  Brachyplatystoma flavicans*
Engraulidae (2) 83%: Sternarchella sp.
Doradidae (2} 78% : Plagioscion auratus
56% : Anchoa spinifer,

Plogioscion squamosissimus¥,
and Ageneiosus ucayalesis




Table 13. (B) Continued

Pimelodidac (4)
Dasyatidas (3)

88%:

5% :

63% :

Water Salinity Number  Number Number  Main families
mass  (psu) of ~of of (Number of Incidence of species in trawl stations
trawl stations families species species ) e
BW <33 = 82 28 66  Sciaenidae (12) 99% : Macrodon ancylodon*
<5 4 : Ariidae (%) 9% 1 Arius grandicassis
<10 9 * Carcharhinidae (4) and Bagre bagre
<15 n Pimelodidac (4) T4 1 Cathorops spixii
<20 7 Dasyatidae (3) 6% : Arius quadriscutis
<25 7 Engraulidae (3) 13% : Anchoa spinifer
<30 16 Pristigasteridae (3)  71% : Dasyatis gutiata
<35 28 Centropomidae (3)  68% : Lonchurus lonceolafus
Carangidae {3) &1% - Dasyatis geijkesi
62% 1 Arius parkeri* and
A. rugispinis
61% : Aspredo aspredo
57% : Brachyplatystoma vaillantii *
51% : Steflifer rasirifer
oW =35 20 21 50  Sciacnidae (10) 8G% : Macrodon ancylodon*
Aviidae {6) 75% : Bagre bagre and
Carangidae (6) Anchoa spinifer
Carcharhinidae {4)  70% : Odontognathus mucronaius
Engrautlidae (3) and Cynoscion virescens
Pristigasteridae (3)  65% : Peprilus paru and
Arius grandicassis
60% : Dasyatis guttata and
: Cathorops spixii
55% : Trichiurus lepturus
50% : Dasyatis geijkesi,
Oligoplites palometa, and
Stellifer rasirifer
Tolal - 120 I . -
** From Appendix Table 1. * Key fish species.
€ -
Walter Salinity Number Number Number Main families
mass  (psu) of of of  { Number of Incidence of species in trawl stations
trawl stations families specics species )
RW <t 8 12 26  Sciaenidae (6)  100%: Arius phrygiatus and
Ariidae (5) Brachyplatystoma vaillantii*

Arius couma,
Brachyplatystoma flavicans®,
and Ageneiosus ucayalensis
Centrodoras brachiatus and
Plagioscion squamosissimus*
Sternarchella sp., Pimelodus sp.,
and Plagioscion auratus

37



Table 13, (C) Continued

Water Salinity Number  Number Number © Main familics

mass  {psu) of of of {Numb¢rof Incidence of species in trawl stations
- trawl stations families species - species ) R ‘
BW <35 % 23 St - Sciaenidae (1) 96% : Macrodon ancylodon*
<5 1 : Ariidae (9) 86% : Arius quadriscutis
<10 10 Centropomidae (3)  82% : Cathorops spixli and
<15 10 _ Engraulidae (3) Arius grandicassis
<20 6 : . Pimelodidac (3)  80%: Bagre bagre
<25 13 S 6% : Dasyatis gultata
<3¢ - W 70% : Dasyatis geijkest and
<35 22 . Arius rugispinis

68% : Anchoa spinifer

62% : Arius parkeri*

58% : Lonchurus lanceolatus
56% : Stellifer rastrifer

oW =35 33 22 49  Sciaenidae (11) 94% : Macrodon ancylodon*

Ariidae {6) 85% 1 Anchoa spinifer
Carangidae (5) 82% : Arius grandicassis and
Carcharhinidze (3) Dasyatis gutiota

Dasyatidae (3) 76% : Bagre bagre
Engraulidae (3) 67% : Cynoscion virescens
Pristigasteridae (3)  64% : Cathorops spixii
55% : Qdontognathus mucronalus
52% : Trichivrus lepturus
Total - 120 - - 30 - -
*® From Appendix Table 1. * Key fish species.

a-3) Relationship between bottom salinity and number of fish species
Figure ¢ illustrates the relationship belween salinity of the bottom Ié)'er and nuﬁlbcr of fish
species . The number of species caught per hau! varicd from 0 to 27 and a tendency of its increase with
rising levels of salinity was observed, although with a considerable dispersion of points. More than 20
species occurred in salinitics above 30 psu, while less than 15 species appea.rcd in layefs with salinity

levels below 5 psu.
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Figure 9. Relatienship between bottom salinity and number of fish species.

{b) Diversity of demersal fish communities

The diversity of the demersal fish communities found in the study area was estimated by means of

Shannon-Weaver (1949)’s function H* for the number of individuals per species (index of specics diversity),

defined as:

This index H’ denotes the complexity of the community structure: higher values of /' show complex
communities, and lower values indicate simple ones. One should bear in mind, however, that this diversity
index for the number of individuals per species does not consider the particularities of the demcrsal fish

community — which comprising large individuals such as sea catfishes and elasmobranchs and smali ones

where S : number of

pi : proportion of total number of individuals belonging to ith species

5
H's -3 pitn pi

species in sample

such as anchovies — and the appropriate scale for data collection is not easy to determine.

b-1) Seasonal diversity of water mass regions

Table 14 shows the values of /7’ determined for the different water mass regions in cach season.

For the survey arca as a whole, diversity was lower in the Rainy Season (H’ = 2.658) than in the Dry

Season (H'™ = 3.241 and 3.278 in cacﬁ Phase, respectively). The diversitjr mdex was also lower for river

waters (1.262 < H' < 1.478) than for the other two water mass regions (2.385 < H’< 3.656). Also, for

each water mass region, diversity was lower in the Rainy Season than in the Dry Scason.
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Table 14, Values of H’ for cach water mass 'region and season,

o Phase
Waler mass i - 2 .
Dry Season  Rainy Season Dry Season
River walers 1.348 - 1.262 1478
Brackish waters 2.$68 : . 2385 3.191
Ocean walers 3656 2649 2.760
All water .~ -~ 3.241 2.658 3.278

b-2) Horizontal dlstnbutton of diversity mcluc H’

The honzontal distribution of the diversity index A’ in the different trawl stations is given in
Appendix Figure 4. The most of the traw stations in the Dry Season Surveys had a diversity of //’ between
2.000and 2. 999.'\\'hi!e the majority of those in the Rainy Season Surveys had it between 1.000 and 1,999,
The surveys indicated values of /1’ below i tcnded tobe concentrated in the frontai arca extending from the

Northemn Channel of the Amazon River to the Santa Rosa Sandbank. In the same way, values of i ' above

3 were generally distributed in arcas shallower than 10 m.

b-3) Relationship between bottom salinity and divcréity index H' .
Figure 10 shows the diversity index H , calculated at cach trawl station from the abundance of
the demersal fish species captured, plotted against the respective values of bottom layer sal inify. It was not

possible to determine a precise relationship between the bottom salinity and seasonal values of F”.

QPhascl Dry Scason
® Phase2 Rainy Secason
40 71  XPhase2 Dry Season

30 4.
2.5 {-

) ; + H —— e
o 5 10 13 20 25 30 35 40
Bottom salinily {(psu)

Diversity index A’

Figure 10. Relationship between bottom salinity and divessity index #’



{c) Cluster analysis of demersal fish communities by similarity index
Mountford {1962)’s method was applied for cléssif)"ing many demersal fish communities of each traw!
station into same groups by index of sitnilarity between communitics. In this case, Kimoto (1967)’s similarity

index Gy dcﬁnéd as follows, was uscd:
22:1,, n,;

Zn +Zn N, - N,

5 > 2
>, >ony,
rI 2 = A=l , sz = isl
Z N 2 Z sz
where N, N; : total number of individuals respectively casght in cach of two stations

ny, ny - number of individuals of species i caught in each of two slations

S§  : number of species common in the two stations considered

Results of cluster analysis following Mouniford’s method are shown in the dendrograms of Figure 11. A
value of G; = 0.55 was established and only clusters with five or more trawl stations were selected (I-VIll in

the figure). Tablz 15 shows the composition of such clusters with respect to their three highest-ranking fish
species in terms of the ratio of mean number of individuals in trawl stations within the cluster to the mean
number of individuals in all stations. In addition, Figure 12 illustrates the species composition of those
clusters, indicating representative demersal fish communities. As defined by the above criteria, much seasonal
variation was observed in the composition of those communities.

in the Rainy Season, three clusters of demersal fish communities were identified: (1) a community
spreading over the shallower area in the Amazon Estuary, comprising mainly piramutaba Brachyplatystoma
vaitlantii but also canguito Arius Phrygiatus and dourada B. flavicans; (2) a community covering most of the
survey area, featuring pescadinhé g6 Macrodon ancylodon and seconded by cambéua Arius grandicassis and
bandcirado Bagre bagre; and (3) a community limited offshore to the northem portion of the survey area,
centered on sardinha gato Odontognathus mucronatus and also including espada Trichivrus lepiurus and
gostoso Peprilus paru.

In the Dry Scason ho“ever the communities were subdivided into ? or & patchy clusters, respectively
centered on the folloumg specics; pescadinha gd, cangata Arius quadriscutis, canguifo, sardinha gato,
manjuba savelha Anchoa spinifer, pir.imﬁiaba and rabeca Aspredo aspredo {(Phase 1); pescadinha g6,
piramutaba, canpati, camﬁéua, buchudinho Steliifer rastrifer, canguito, rhanjtiba savelha and jurepiranga

Arius rugispinis (Phase 2). -
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Figure 12, Continucd
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Figure 12. Continued
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Table 15. Composition of clusters defined at G; = 0.55 and containing five or more traw] stations, following

Mountford’s method of cluster analysis.

Survey Number Consistiluent 1rawl stations Consistituent main fish species
5¢ason of of : of
cluster cluster - o + cluster
Phase 1 1 P2 3 4 11 B3 14 15 16 17 Macrodon ancylodon (¥71%)
Diry Season 18 26 30 35 37 42 43 45 46 471 Cathoreps spixii (8%}
43 51 53 54 55 56 57T 5% 6O o6l Arius grandicassis (6%)
67 74 79 80 97 104 105 107 - .
| 519 20 32 33 44 75 82 96 98 Arius quadriscutis (28%)
102 103 106 B Macrodon ancylodon (13%)
Cathorops spixii (10%)
i 87 8% 89 9 91 92 94 Avrius phrygiatus {12%)
Aspredn aspredo (15%)
Brachyplatystoma flavicans {14%)
v 50 65 68 &9 MM 1 13 Odontognatinis mucronatus (56%b)
Trichiurus lepturus (13%)
Macrodon ancylodon (7%)
Ay 52 58 62 63 66 T2 T8 Anchoa .spfnij??r {38%)
AMacrodon ancylodon (22%)
Odontognathus mucronatus (10%)
Vi 2} 23 24 29 85 88 Brachyplatystoma vaillaniti (80%6)
Arius phrygiatus (11%6)
Brachyplatystoma flavicans (3%)
VIt 6 7 21 28 9N Aspredo aspredo (48%)
Dasyatis guitata (13%)
S Arius quadriscutis (11%)
Phase 2 I 1 2 3 4 6 8 14 16 17 18  Macrodon ancylodon (62%)
Rainy Season 19 20 21 22 23 24 25 26 27 28  Arius grondicassis (5%)
29 30 31 41 42 43 45 46 47 48  Bagre bagre (5%)
53 54 S5 59 60 61 62 63 64 65
66 67 68 69 0 N 72 73 74 TS
T 77 18 79 81 82 83 B4 86 87
88 8% 90 100 102 103 104 105 106 107
HO 111 112 113 4 115 116 117 120
1| S 9 10 11 12 13 15 32 33 34  Brachyplatystoma vaillaniii (59%)
35 036 37 38 39 40 9L 92 93 94 Arius phrygiatus (13%)
95 96 97 98 99 101 108 109 Brachyplatystorma flavicans (1%)
1k 4 49 s2 56 571 58 QOdontognathus mucronafus (34%)

Trichiurus lepturus (14%)
Peprilus paru (13%)




Table 15, Contigwed

Survey  Number Consistituent trawl stations Consistituent main fish species
season of ‘ of of
cluster cluster cluster
Phase 2 _ I 1 2 3 4 5 7 8 10 11 20 AMacrodon ancylodon {51%)
Dry Season 21 22 23 24 34 35 43 44 46 41 Cathorops spixii (9%)

53 54 55 57 65 66 T 72 73 M4 Bagre bagre (%)
75 76 TP 73 79 80 81 82 83 M
85 87 99 103 107 109

1} 18 29 30 33 37 35 40 56 70 108 Brachyplatystoma vaillantii (53%)
He im Macrodon ancylodon (6%)
Bagre bagre (5%)

1 13 19 36 64 8 88 90 91 97 100  Avius quadriscutis (42%)
Macrodon ancylodon (20%)
Dasyatis gultata (1%)

v 51 52 58 61 62 63 67 68 69 Arius grandicassis (39%)
Macrodon ancylodon (16%)
Arius quadrisentis (15%)

v 9 25 8% 92 93 94 98 105 106 Stellifer rastrifer (34%)
Macrodon ancylodon (20%)
Arius quadriscutis (19%)

VI 38 112 113 M4 115 119 120 Arius phrygiatus (32%)
Brachyplatystoma vaillantii (21%)
Dasyatis gutiata {3%)

VIt 12 14 48 49 30 €0 Anchoa spinifer (41%)
Macrodon ancylodon (27%)
Arius grandicassis (1%}

VI 95 96 101 102 14 Arius rugispinis (42%)
A, quadriscutis (15%)
Dasyatis guttata (10%)

5.1.2. Catch per Unit Area and Dominant Fish Species

Catch per umt area ~— expresscd in kg./km2 and hereinafter referred to as CPUA —was caleufated from
the catch in weight (including both the cod—cnd and the covernet} and the area swept in each trawl station. The
minimum weight unit for each species measured on b_oq.rd was 10 g, due to the specifications of the scals used.
Here, CPUA values for species {\‘eighing under 10 g are indicated in figures as “<10”™ and in tables as zero;

nevertheless, these Spécieé were m effect included in the total number of species.
| In the determination of the CPUA in cach water mass region, it was assumed that the salinity in the arca
swept at cach trawl station (the maximum salinity in the Boﬁom layer as measured at the end of a trawl) would not

change within an enlarged area unit of 1 km® — approximately 1 1-13 times the mean arca swept.
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(a) CPUA by stratum and water mass region

3

Table 16 shows for each phase and scason the mean CPUA standard dewatlon and CPUA range by

stratum and water mass region.

a-1) CPUA by stratum |

In the Dry Season of both phases, the mean CPUA ij ‘stlrat_um'dcclin'ed in the following order of
strata: 10~20 m (Phase 1: 1,405; Phasc 2: 2,808), 5~10 m (Phase 1: 718, Phase 2: 1,356) and 20-50 m
(Phﬁse 1: 411; Phase 2: 881), Thﬁs, the mean CPUA by steatum in Phase 2 lwas twice that of Phase 1 inall
sf rata. Inthe Réiny Season, the mean CPUA by stratum decreased iﬁ the follciwhg order of strata: 5-10m
(1,554), 20-50 m (1, 247) and 10-20 m (l 172). The mean CPUA the 5-10 m and 20-30 m strata was
higher in the Rainy Season than in the Dry Season of both Phascs The amphtude of mean CPUA values by
stratum was narrower in the Rainy Season (about 400) than in the Dry Season {1,000 and 2,000).

The highest vatue of CPUA in the Dry Season was 11,258 in the 10-20 m stratum; in the Rainy
Season it was 1‘5',6.25 in the 5-10 m stratum. The survey showed how CPUA had a broad range of
widespread values,

For each season and stratum, the percentage of mean CPUA calcutated from catch in cod-end
was over 70% :of the mean CPUA. This proportion was higher in shallow strata: for Phase 1 Dry Season
Survey, 92% (5-10 m), 87% (10-20 m) and 81% (20-30 m);. for Phase 2 Rainy Se¢ason Survey, 88%
(5-10 m), 78% {10-20 m) and 66% (20-50 m); for Phase 2 Dry Season Survey, 96% (5-10 m), 86%
(10-20 m) and 84% (20-50 m).

a-2) CPUA by water mass region

The mean CPUA by water mass region declined in the Dry Season in the following order:
brackish (Phase 1: 1,142; Phase 2: 2,015), river (Phase 1: 912; Phase 2: 1,802) and ocean (Phase 1: 611;
Phase 2: 1,653) waters. Thus, the mean CPUA by water mass region in Phase 2 was twice that of Phase 1
in the respective regions. In the Rainy Scason, the mean CPUA by water mass region decreased in the
following order: river {1,591), brackish {1,322) and ocean (1,281} waters. Increase of mean CPUA in each
water mass region did not follow thé season, but happened in survey order for river (91 2; 1,591 'an(li 1,802
in the respective order of surveys), brackish {1,142, 1,322 and 2,015) and ocean (611, ,281 ahd 1,653)
waters. o . ‘ A |

The above-mentioned highest. vatue of C PUA in both the Dry and Rainy Seasons were oblained
in brackish waters. The width and the spread of values was comparable io those 6bservéd for CPUA by
stratum, _ - _' | o

For cach scason _au& water mass region, the perccnﬁge of mean (,P UA calculated from catch in
cod-end was again over 70% of the mean CPUA. This prﬁpmﬁon was loxi'éf in ocean watcrs. Pércen!.ages

for the three water mass regions were as follows: for Phase | Dry Season Survey, 85% (river), $8%



(brackish) and 82% (o-éca_n); for Phase 2 Rainy Season Suwcy_, 1% (river), 82% (brackish) and 72%
{ocean); for Phase 2 Dry Season Survey, 91% (river), 92% (brackish) and 80% (occan).

Table 16. CPUA by stratum and water mass region. (A} Phase 1 Dry Seasen Survey; (B) Phase 2 Rainy Season

Survey; (C')' Phase 2 Dry Season Survey. Water mass fegions: RW, river waters; BW, brackish waters;

OW, ocean waters. CPUA obtained from catch in cod-end indicated in pareutheses,

(A) o ‘
Stratum ( isobath rangeinm ) Water mass
5-10 16-20 20- 50 RW BW ow
Mean 1178 1,404.6 4113 911.9 1,142.2 6107
( 662.7) (1,221.4) { 331.5) ( 1T22) (1,004.5) { 4%9.6)
Standard deviation 673.8 3,565.2 330 639.5 1,310.2 . 8305
Range 1.6-2,780.1 14.2-80202 30-1,8856 169.7-19616 1.6-80202 3.0-3,8796
(®B) .
Stratum ( isobath range in m ) Water mass
5-10 10-20 20 - 50 RW BW ow
Mean 1,554.0 LIS 1,246.5 1,590.6 1,3216 1,280.6 -
(1.374.1) { 909.2) { 828.2) (1,455.2) (1,084.7) ( 9262)
Standard deviation  2,452.5 1,231.2 835.9 1,501.6 2,068.3 1,181.8
Range IB8-156232 562.61340 0-30934 972-68359.9 188-15625.2 0-4.2327
(C) - o
.. Stratum ( isobath range inm ) Water mass
5-10 10-20 20-50 RW BW ow
Mean 1,355.5 2,8084 880.7 1,802.1 20154 ),652.7
{1,297.8) (2,423.3) { 741.9) (1.631.9) (1,852.5) (1,328.6)
Standard deviation 1,726.3 2,279.14 6769 1,561.5 2,292.5 14119
Range ‘ 8§.7-88558 55-112581 (-2,1851 150.2-53793 55-11,2581 0-6,798.7

(b) Distribution of CPUA

Figure 13 illustrates CPUA values in all trawl stations. In the Dry Season, refatively high values of

CPUA tended to concentrate in water depth rangc of 10~20 m; in the Rainy Season, however, they were found

in a wider water depth range of 5-20 m. In th'c Dry Season, distribution of high values of CPUA was more

widespread in Phase 2 than in Phase §. This distribution pattern reflected the mean CPUA by stratum.

This distribution battem of CPUA and the above-discussed mean CPUA by stratum and water mass

regibn —— in particular, changes in mean CPUA by water mass region — could be attributed to either a decline

in fishing pressure in the survey area by the industrial fishing fleet, or to the natural growth of the demersat

fish populations there,
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(A)

(B)

Figurc 13. Distribution of CPUA. (A) Phasc 1 Dry Scason Survey; (B) Phase 2 Rainy Season Sun'éy; {C) Phase 2
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Figure 13, Continued
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(c) Dominant fish species with respect to CPUA
Table 17 tists the five top-ranking fish species in terms of CPUA by stratum and water mass region for
cach scasonal survey. They made up a total of 17 species, comf)rising 7 sea catfishes (family Ariidae), 4
drums (Sciaenidac), 2 long-whiskered catfishes (Pimelodidae), 2 requiem sharks (Carcharhinidae), 1 sea bass
(Secrranidae) and | cutlassﬂ§ll (Trichiuridae). Mean CPUA values for key species not included in the top five

are also presented in that table.

c-1) Dominant species in terms of mean CPUA by stratum
In terms of mean CPUA by stratum, the five top-ranking fish species in each survey made up a
total of 13: the carcharhinids cagiio Carcharhinus porosus and martelo Sphyrra lewini; the arids
cambéua Arins grandwassrs guruubaA parken cangatd A. quadriscutis, jurupiranga A. rugispinis and
bandeirado Bagre bagre the plmelod:ds dourada Brachyplatystoma flavicans and piramutaba B.
vaillantii; the sciaenids pescada cambugu Cynoscion virescens, pescadinha gé Macrodon ancylodon and
pescada cﬁru_ca grande Micropagonias furnieri; and the trichiurid espada Trichiurus lepturus. The only

species found among the top five in all strata was cambéua Arius grandicassis.
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Different compositions of the top-ranking species (those representing more than 10% of the
mean CPUA in cach stratum) in, respectively, Phase 1 Dry Season Survey, Phase 2 Rainy Season Survey

and Phase 2 Dry Season Spwéy, are prescited below.

i) 5-10 m stratum |
The tqp-ranking species in this stratum were cambéua Arius grandicassis, gurijuba 4. parkeri,
cangatd A. quadriscutis, dourada Brachyplatystoma flavicans and piramutaba B. vaillantii. Their
respective valués of mean CPUA and pt_:rcentagcs of the mean CPUA in this stratum (iﬁ parentheses) in
the three surveys were: ' -

cambéua: 130 {18%) 130( 3%) 414 (31%)

gurijuba: V(5% 69( 4% 137 (10%)
cangata: - 07(14%)  102( 7%) 173 (13%)
dourada: 68( 9%)  150(10%) 136 (10%)
piramutaba: $8.(12%) 684 (44%) 212 (16%)

For the three species of sea catfish, mean CPUA did not vary with the season, but mcreased as
the surveys pmgressed Thisi increase was particularly remarkable for carnbeua On the other hand for
the two species of Brachypla!ysmma mean CPUA was higher in the Ramy Season. Also comparing
both Dry Seasons, mean CPUA was lugher in Phase 2 than in Phase 1. Mean CPUA of pxramulaba in
the Rainy Season (634) represcntcd 44% of the mean CPLUA in this stratum.

i) 10-20 m stratum .

The top-ranking species in this stratum were cambéuva Arius grandicassis, gurijuba A. parkeri,
cangata A. quadriscutis, jurapiranga A. rugispinis and pescadinha gé Macrodon ancylodon. Their
respective values of mean CPUA and percentages of the mean CPUA in this stratum (in parentheses) in
the three surveys were:

cambéua: 276 (20%) 264 (23%) 577 (21%)

gurijuba: 120 ( 9%) 137 (12%) 179 ( 6%)
cangala: 36 (22%) 106 (13%) 863 (31%)
jurupiranga: 195 (14%) 55( 5%) 347 {12%)
pescadinha go: (6% 199(17%) 228 ( 8%)

For gurijuba and pescadinha gé, mean CPUA did not vary with the season, but increased as the
surveys progressed. For the other three species, mean CPUA decreased from the Phase | Dry Season to

the Phase 2 Rainy Season, but then increased dramatically in the Phase 2 Dry Season.



{iii) 20-50 m stratum
The top-ranking species in this stratum were cagdo Carcharhinus porosus, cambéua Arins
grandicassis, cangatd A. gquadriscutis, pescada cambugu Cynoscion virescens, pescadinha gé
Macrodon ancylodon and e,spada Trichiurus lepturus. Their respeclive values of mean CPUA and

percentages of the mean CPUA in this stratum (in parentheses) in the three surveys were:

cagdo: 58 (14%) 125 (10%) 128 {15%)
cambéua: 90 (22%) - 202 (16%) 174 (20%)
cangati: 20( 5%) 44 ( 3%) 95 (11%)
pescada cambucu: -~ 35 ( 8%) 133 (11%) 64 ( 9%)
pescad?nha £0: 20( 5%) 301 (24%) 107 (12%)
espada: : 46 (11%) 66 { 5%) 22 ( 3%)

For cagdo and cangata, mean CPUA seemed not to vary with the season, but increased as the
surveys progressed. For the other four species, mean CPUA was higher in the Rainy Season; and,
except in the case of espada, comparing both Dry Seasons, mean CPUA was higher in Phase 2 than in
Phase 1.

c-2) Dominant species in terms of means CPUA by water mass region

In tenns of mean CPUA by water mass region, the five top-ranking fish species in each survey
made up a total of 13: the ariids bagre branco Arins couma, cambéua A. grandicassis, gurijuba A. parkeri,
canguito A. phrygiatus, cangati A. guadriscutis, jurapiranga 4. rugispinis and bandcirado Bagre bagre,
the pimelodids dourada Brachyplatystoma flavicans and piramutaba B. vaillantii; the sciaenids pescada
cambugu Cynoscion virescens, pescadinha gd Macrodon ancylodon and pescada cascuda preta

Flagioscion auratus; and the scrranid mero Epinephelus itajara.
Different compositions of the top-ranking species (those representing more than 10% of the mean CPUA
in each water mass region) in, respectively, Phase 1 Dry Season Survey, Phase 2 Rainy Season Survey and

Phase 2 Dry Season Survey, are presented below.

i} River watcrs _
The top-ranking snecies in this waler mass were bagre branco Arins couma and piramutaba
. Brachyplatystoma vaillantii. Their respective values of mcan CPUA and percentages of the mean
CPUA In ri\;cr waters (in parentheses) in the three surveys were:
bagre branco: - 107 (12%) 68 ( 4%) 233 (13%)
piramutaba: 618 (68%) 1163 (73%) 1,181 (66%)
Mean CPUA for bagre branco was higher in the Doy Scason, when Phase Z values were twice

that of Phase 1. Mean CPUA for piramutaba was higher in both Phase 2 scasons, with twice that of
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Phasc 1; in all cases, mean CPUA of piramutaba represented about 70% of the mean CPUA in this

waler mass.

i) Brackish waters _
- The iop-rajlking species in this water mass were cambéua Arius graﬁd:‘éa&sis, cangatd A.
quadriscutis, jurupitanga A. rugisphnis, piramutaﬁa Bmchyplatys?ama vaillantii and péscadinha gb
Macrodon ancylodon. Their respective values of mean CPUA and percentages of the meaa CPUA in

brackish waters (in parentheses) in the three surveys were:

cambéua: 249 (22%)  233(18%) 503 (25%)
cangati: | 251 (22%) 118( 9%) * 580 (29%)
jurupiranga: 168 (IS%) 83 ( 6%) 258 (13%)
piramutaba: 28( 2%) 264 (20%) - 31( 2%)
pescadinha gé: 40( 4%)  172(13%) 88 ( 4%)

For the three species of sea catfish, mean CPUA was higher in the Dry Season, with respective
Phase 2 values about twice those of Phase 1. In contrast, mean CPUA for piramutaba and pescadinha

g0 were higher in the Rainy Scason.

iii) Ocean waters
The top-ranking specics in this water mass were cambéua Arius grandicassis, gurijuba A.
parkeri, cangatd A. quadriscutis, pescada cambugu Cynoscion virescens, pescadinha go Macrodori

ancylodon and mero Epinephelus itajara. Their respective values of mean CPUA and percentages of

the mean CPUA in ocean waters (in parentheses) in the three surveys wetre:

cambéua: 70 (12%) 219(17%) 433 (27%)
gurijuba: 66 (11%) 88( 7%) 117 ( 71%)
cangata: 39 ( 6%) 95( %) 242 (15%)
pescada cambugu: 86 l(l4°/u) 135 (31%) - 177 (11%%)
pescadinha go: 51( 8%) 244(19%) 202 (12%)
meo: 96 (16%) 0 ( 0%) 0{ 0%)

For all species except pescadinha gd and mero, mean CPUA seemed not to vafy with the season
but increased as the surveys progressed, For pescadinha gb, mean CPUA increased dramatically from
the Phasc_: I Dry Season to the Phase 2 Rainy Season _and declined slightly afterwards. Th_c inclusion of
mero among the top-ranking species was duc to the catch ofa single very large specimeh (total length,
219 cm; body weight, 173 kg). | | o

For most of the species tisted in Table 17, the mean CPUA calcutated from catch in cod-end was
over 90% of the mean CPUA, a remarkably hi gﬁ p'e'rééntage. The one of same exceptions was

pescadiaha gb, for which this ratio was lower than 20%.



Table 17. Mean CPUA by stratum and water mass region and related dominant fish species, (A) Phase 1 Pry
Season Survey; (B) Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey, Water mass regions:
RW, river waters; BW, brackish waters; OW, ocean waters. Undertined values of CPUA refer to the
top five species in each categery, CPUA obtained from ¢atch in cod-end indicated in parentheses.

(A}
. . Mean CPUA
Top 5 ranked specics of fish Stratum { isobalh range inm) Waler mass
' 5-10 10-20 20-50 RW BW ow
Arfus couma 347 (343 35 ( 3% 0 1065 (1061) 147 ( 14.6) 0
A grandicassis 1302 (1254) 2762, (2640) 897 { .7) 0 2488 (2384) 704 ( 65.0)
A porkeri® 394 (389) 1203 {12000 167 (167 0 813 (808y 4637 (657
A phrgiats 187 (165 47 ( 28) 0 653 (589) 84 ( 68) 0
A guaodriscutis 974 (918) 3157 (299.3) 2l { 186) 0.8 { 038) 2512 (2381) 394 (383)
A rugispinis 717 (68.2) 1952 (187.5) 0 0 1677 (160.6) 59 { 56)
Bagre bagre 9.0 { 69) 272 (203) 1.8 ( 05 359 (359) 169 (127 M4 { 19
Brachyplatysioma flavicans® &1.7 { 64.2) 68 ( 6.6) 0 436 ( 40.3) 459 ( 41.8) 0
B vatilantii® EI8 { 780) 529 ( 412) 0 6120 (497.3) 278 ( 26.5) 0
Careharhinus porosus 07 { 0N 1.5 ( 1.5) 534 (584) 0 0 239 ( 28.9)
Cyroscion virescens 458 ( 43.8) 349 (928 346 (319 1] 637 (644) 856 ( 847}
Epinephelus itajara 0 328 ( 52.8) ¢ ¢ 0 95.5 (955)
Macrodon ancyledon* 107 { 2.0) 773 (13.9) 196 { 3H 0 404 ( 89) 313 ( 4.8)
Micropogonias furnieri 49 { 4% 12 { 10) 304 (239 Q0 62 { 58) 174 (168}
Trichiurus lepturus 10 ¢ 67) 40 ( 15) 455 (241 0 05 ¢ 03) 270 {133)
Brochyplatystoma filamentosum? 1.7 { LY 01 ( 090) 0 03 ( 0.0) 1.2 { 09 1)
Cynoscion acoupa* 37 { 3D 18.4 (lil) 154 ( 154) ¢ 25 ( 88 193 (193
Plagicscion squamosissimus® 12 { LY 1] QO 50 ( 4.5) 03 ( 03) 0
Total 57spp. (4%spp) 64spp. (S4spp) 42spp. (36spp)  19spp. (13spp) 63spp. (S5spp) 52spp. (44spp)
N 7178 (662.7) 14046 (1,220.4) 4113 (3315) 9119 (772.2) 1,142.2 (1,004.5) 6107 (499.6)
* Key fish species.
(8) .
Mean CPUA
Top 5 ranked species of fish Stratum ( isobath rangeinm) Water mass
) 5-10 10-20 20-50 RW  BW ow
Arins couma 193 (192) 7 (237 0 684 ( 684) 129 ( 129) 0
A grondicassis 1299 (129.8) 2643 (2622) 2018 (199.8) 0 2334 (2320) 2188 (217.3)
A parkeri® 635 ( 684) 1374 (1365) 333 (33D) 0 1170 (1164) 816 ( 87.5)
A phoygiatus 365 (326 1.2 (104 0 914 (829) 15 (103) o
A quadriscutis 1020 (1010) 1059 (1043) 436 ( 394) 63 ( 5.5 1180 (1169 947 { 90.2)
A rugispinis 969 (95.7) 547 (51.) 1.8 ( 11§ 0 §27 (794) 814 ( 788)
Brachyplatystoma flavicans* 1498 (1480) 248 ( 44.6) o 1369 (1363) 939 (977 0
)} vaiilantis* 6843 (6137) 949 ( 90.6) 0 L162.7¢1,0452) 2640 (246.3) "
Corcharhinus porosus 06 ( 05) 1.2 ( 1.2) 1250 (1245 0 L (LD 813 { 2809}
Cynoscion virescens 244 (244 577 (STTy 1328 (1326) 0 410 (410) 1352 (1350)
Macrodon ancylodon® 360 ( 61) 1992 ( 23) 3009 ( 25.5) 9 1724 ( 85) 2437 ( 2Ll
Plagicscion euratus 220 (26T 173 (17 O 761 (749) 124 ( 12.49) ¢
Sphyroa lewini 0 0 989 ( 989) 0 B 0 643 (63.3)
Brachyplatystoma filamentosum* 31 (-3 1] .0 39 ( 18) 12 (1Y) 0
Cynoscien acoupa® 19 ( 39) 216 ( 21.6) ' ?.G ( 78) .0 128 ( 129) 124 (194)
Plagioscion squamosissimus® 21 { 86) 0 0 144 (13.7) 29 {( 2%) o
Total B 59spp. (Sispp.) 63 spp. (Sispp.)' 46spp. (I8spp.)  24spp. (20spp) 65spp. (G1spp) SQspp. (d2spp)
' LS540 (1374.0) LITLS (909.2) 12465 (5282) 15906 (1,4552) 13206 (1,084.7) 12806 (516.2)

* Key fish species.
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Table 17. Continued

©

o o Mean CPUA :
Top 5 ranked species of fish Siratumn { isobath rangeinm) ' Water mass
: 5-10 10-20 20 - 50 RW BW ow

Arius couma 464 (460) 5T (8D 0 2332 35y 123 (12) o
A grandicossis 4142 (4138) 5768 (375.6) 1731 (1134) o 5033 (302.5) 4384 (437.7)
A parkerit 4 (1372) 1792 (1790) 697 { 69.1) 0 133 (173.2) 1172 (11796)
A phrygictus 186 (163 7t ( 68 0 : 913 (854) 80 (.74 O :
A guadriscutis 1725 (169.6) 8637 (854.3) 950 ( 945 318 (3LE) 5803 (573.5) 2417 (239.6)
A ruglspings 666 {663) 3468 (3439) 44 ( 44 0 : $8.1 (236.1) 206 ( 206)
Brachyplatystoma flavicans® 1338 (134.4) 5.7 (157 0 1600 (1563) 833 ( 8217) ¢
B vaillentii¥ 2122 (189.2) 48 { 46) [ LIZLO(1,0402) 3L1 (293) 0O
Corcharhinus porasus 0 109 ¢ 10.9) 1227 (127.9) 0 ' o 746 ( 746)
Cyn&scionw’rescens 229 (229) 1591 (1391} 643 ( 63.9) 0 549 (549) 1371 (1767)
Macrodon ancylodon® 106 ( L6) 2284 ( 163) 1065 ( 15.9) 05 ( 00) 876 ( 82) 2021 (143)
Plagiascion auratus M4 (103 86 ( 86) 0 521 (51.3) 21 ( 81 0
Brachyplotystoma filomentosum® 04 ( 04 0 o 24 ( 24) ¢ 0
Cynoscion ecoupat 202 (203) 503 (503 151 ( 15.1) 1] 231 (23.1) 61.7 ( 61.7)
P!agi‘oscionsquamosmimus' 25 ( 23) 0 0 53 ( 44) 1.2 { L2 0

Totat 4%spp. (43spp)  SSspp. (SOspp.) 3%spp. (34spp)  26spp. (R2spp)  Slspp. (43spp) 49spp. (d2spp.)

' 1,355.5 (1,297.8) 2.308.4 (2,4233) 380.7 {741.9) 1,802.1 {1,637.9) 2,015.4 (1,857.5) 1.652.7 (1,328.6)

* Key fish species.

{d) Relationship between bottom salinity and CPUA

Figure 14 shows the relationship between salinity of the bottom layer and CPUA for each seasonal

survey. CPUA values were in the 0-16,000 range and widespread in the area. CPUAs over 4,000 were limited

to waters with bottom salinities either lower than 5 psu or higher than 25 psu.
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Notes on four stingray species — arraia morcego Dasyatis geijkesi, arraia bicuda D. guttata, arraia redonda

Himantura schmardae and arraia de rio Plesiotrygon sp.

Nearly all spécimens of the four slingray spécies caught were large, measuring about 1 m in disc diameter.
Difficulty in measuring their round weight in fife and the danger of Bcing wounded by their venomous, tooth-cdged
sling on the back of the tail proﬁnpled those fish to be released back into the water as soon as they were counted.
Therefore, data on their weight are not available,

* The following table shows the mean catch in number of individuals per unit area by water mass region for the
two species of Dasyatis, the mbst numerous among the four stingrays. All four specics were ireated in Table 17 in the

same way as species weighing less than 10 g.

Table. Mean catch in number per unit area (number/km’) by water mass region for Dasyatis. That in
parentheses obfained from catch in cod-end. Watcr mass regions: RW, river waters; BW, brackish

waters; OW, occan waters.

Phase
! 2
Species Dry Season Rainy Season Dry Season _
: Water mass - Water mass Water mass
RW BW oW RW Bw ow RW BW ow
Dasyalis geijkesi 0 35 (35 15 (14) 0 3103 41 @D 2 (2) 44 (44) 63 (6]
D. gullata 6 (6 8l (81) 48 (40 I (1) 83 (62) 85§ (5%) 24 {24) 126 (125) 184 (182)

5.1.3. Estimation of Stock Size and Related Dohﬁnant Fish Species
As dqscribcd' in Chaptcrl 3, the survey arca was stratified into three strata of, rcspcctively, 5-10m, t6-20
m and '20—50 m, their respective area being 17,200 kn’, 15,700 ki’ and 9,300 km’. However, it was difficult to
divide the survey area into water mass regions — river, brackish and ocean — based on the salinity of the bottom
!a)cr as measured at each trawl station, ancl then detenmine their respective areas. This was because it was nol
posab!e to mfer an jsohaline c)\tendmg over the entire survey arca (1,330 blocks) from data on the salinity of the
bottom layer taken at every one of the 111 stations in the Phase 1 Dry Season and 120 stations each in both Phase
2 Rainy and Dry Seasons. I-uﬂhennore lhe sahmty of the bottom layer showed spatial and temporal fluciuations
_that were parucularly acute where siver and ocean waters mix and mleracl with cach other,
Estimalion of stock size by the areal expansmn method based on CPUA data is presented below for each
stratum. The top-ranking ten species in estimated stock size by stratum and total estimated stock sizc in cach

scasonal survey are presented in Table 18. Some key fish species not included among the top ten are also listed.
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{a) Estimated stock size by stratum and total estimated stock size .
In the order Phase | Dry Season, Phase 2 Rainy Season and Phase 2 Dry Season, the stock size (in

tonnes) for cach stratum and its refative percentages of the total stock size are as follows:

5-10 m stratum: 12,346 (32%) 26,729 (47%) 23315 (31%)
10-20 msteatum: 22,052 (58%) 18,393 (32%) 44,092 (58%)
20-50 m steatum: 3,825 (10%) 11,593 (20%) 8,190 (11%)
Total; 38,223 (100%) 56,715(100%) 75,597 (100%)

The tolal stock size did not vary with the season, but mcrea.sed asthe surveys progressed in the Phase 2
Dry Seasont the stock size was about the double of that of Phase 1. The relative percentages of the stock size
in cach stratum to the total stock size was, in the Dry Seasons, respectively 30%, 60% imd 10%, and in the
Rainy Season, respectively 50%, 30% and 20%.

Stock size estimated from catch in cod-end was about 80-96% of the total stock size for all seasons. That
percentage (cod-end/total) in each stratum tended to decrease from the shallowest to the decpest strata —

respectively, 92 —> 87 — 81%, &8 -+ 78 — 66%, 96 —> 86 —» 34% in seasonal survey ordér.

{b) Dominant fish species with respect to estimated stock size
The top- rankmg ten species with respect to estimated stock size by stratum were included in a list of 24

species belongmg to 7 familics: Ariidae (8 species); Scuaemdae (7); Carcharhinidae (4); Pimelodidae (2);
Serranidae, Megalopidae and Trichiuridae (1 each).

b-1) Total stock size

Thirteen of the 24 species listed above exhibited a total stock size of over 1,000 tonnes: cagio
Carcharhinus porosus (Carcharhinidae); cambéua Arius grandicassis, gurijuba A. parkeri, cangata A.
quadriscutis, jurupiranga A. rugispinis and | bandeirado Bagre bagre (Ariidag); dourada
Brach};nlafystoma ﬂaw’can& and piramutaba B. .va:'!!anﬁi '(P.imelod.idée)'; bescadé ama_arcl_a Cynoscion
acoupa, pescada cambugu C. virescens, pescad inha p6 Macrodon apcy!qdoh, pescada sete buc_:hos Nebris
microps and buchudinho Stellifer rastrifer (Sciaenidac). Of these, the foﬁr specics .of Arihs, the two
species of Brachyp!a{j:stoma, ph;é ﬁescada cambugu and pescadiﬁha g0, had a total stock size of over
1,000 tonnes in all scasons. . .

The ratio of stock size cstlmated from catch in cod-end to that estsmated from total catch was
extremely hagh for all spemes eprt pescadmha 26 and buchudmho For these two scnaemds that

percentage was about ?0% in Phase 1 and IO% in Phase 2, as most of their catch happencd atthe covemel

fevel.
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Stock sizes of the five top-ranking species among the aforementioned 13 — those representing

Season Survey and Phase 2 Dry Season Survejr, are presented below.

more than 10% of the overall stock sizg - in, respectively, Phase 1 Dry Season Survey, Phasc 2 Rainy

cambéua: 7,409 (19%) 8,261 (15%) 17,795 (24%)
cangata: 6,818(18%) 3823 ( 7%) 17,403 (23%)
jurupiranga: 4,298 (11%) 2,636 ( 5%) 6,632 ( 9%)
piramutaba; 2,341 ( 6%) 13,260 (23%) 3,723 ( 5%)
pescadinha go: 1,580 ( 4%) 7,406 (13%) 4,758 ( 6%)

For cambéua, the stock size did not vary with the season but increased as the surveys progressed.
The stock sizes of cangati and jurupiranga were larger in the Dry Seasons than in the Rainy Season, while
thos¢ of piramutaba and pescadinha gd were the other way around. For those species, the stock size was
larger in Phase 2 than in Phase 1, a difference particularly striking in cambéua and cangati. Those five
species represented the following percentages of the overall stock size: 58%, 63% and 67% in the

respective seasonal surveys.

b-2) Stock size by stratum

Ten of the 24 species listed above accounted for more than 10% of the total stock size in each
stratum: cagdo Carcharhinus porosns {Carcharhinidac); cambéua Arius grandicassis, gurijuba A.
parkeri, cangatd A. quadriscutis and jurupiranga 4. rugispinis (Ariidac); dourada Brachyplatystoma
flavicans and piramutaba B. vaillantii (Pimelodidac); pescada cambugu Cynescion virescens and
pescadinha gb Macrodon ancyloden {Sciaenidac); and espada Trichinrus lepturus (Trichivridae). The
variation of their respective stock size along the three seasonal surveys is described below.

i) 5-10 m stratum
The stock size of the dominant species and their respective percentage of the total stock size in

this stratum (in parentheses) are listed below in survey order.

cambéua: 2,239 (18%) 2,234 ( 8%) 7,124 (31%)
gurijuba: 678 ( 5%) 1,178 ( 4%) 2,363 (10%)
cangata: 1,675 (14%) 1,754 ( 7%) 2,967 (13%)
dourada: 1,164 ( 9%) 2,577 (10%) 2,336 (10%)
piramutaba; 1,510 (12%) 11,770 (44%) 3,648 (16%)

For the three species of sea catfish, the stock size did not vary with the season but increased as

the surveys progressed — remarkably so in cambéua. The two pimetodids had larger stocks in the
Rainy Season than in the Dry Season, and the difference was striking in the case of piramutaba; for
those (wo species, the Dry Season stocks were larger in Phase 2 than in Phase 1. Those five specics
accounted respectively for 58%, 73% (44% of which represented by piramutaba alone) and 80% of the

total stock size in this stratum, in survey order,
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i1} 10-20 m stratum

The stock size of the dominant species and their réépcclivc percentagé of the total stock size in

this stratum (in parentheses) are listed below in survey order.

cambéua: 4336 (20%) 4,150 (23%) 9,056 (21%)
gurijuba: 1,889 ( 9%) 2,157(12%) 2,813 ( 6%)
cangaté: 4,956 22%) 1,663 ( 9%) 13,552 (31%)
jurupiranga: 3,065 (14%) - 359( 5%) 5,445 (12%)
pescadinha gb: 1,214 ( 6%) 3.027(17%) 3,586 ( 8%) -

For cambéua, gurijuba and pescadinha g0, the stock size did not vary with _:hc season but
increased as the surveys progressed — alfhough a s!igh; reduction from the first Dry Season to the
Rainy Season was observed in cambéua. Cangata and jurupiranga had larger stocks in the ny Seasons
than in the Rainy Season; for those two spécies, The Dry Season shﬁcks were iarger in Phase 2 than in
Phase 1. The widest amplitude in the stock size was observed for cambéua, cangati and ju'rupiranga_
Those five species accounted rcspccti-)ely for 71%, 66% and 78% of the total stock size in this stratum,
in survey order,

tit} 20--50 m stratum

The stock size of the dominant species and their respective percentage of the total stock size in

this stratum (in parentheses) are listed below in survéy order.

cagio: 543 (14%) 1,163 (10%) 1,188 (15%)

cambéua: 834 (22%) 1,877 (16%) 1,615. (20%)
cangaté: 187 ( 5%) 406 ( 4%) 884 (11%)
pescada cambugu: 322 ( 3%) 1,233 (11%) 598 ( 7%)
pescadinha gb: 132 { 5%) 2,798 (24%) 991 (12%)
espada: 423 {11%) 615( 5%) 202 ( 2%)

For cagfio and cangatd, the stock size did not vary with the season but increased as the surveys
progressed. The other four species had larger stocks in the Rainy Season than in the Dry Seasons.

Those six species accounted for about 70% of the total stock size in this stratum in all seasons.



Table 18. Top-ranking ten species in estimated stock size by stratum, {A) Phasc 1 Dry Season Survey; (B) Phase 2 Rainy
Season Survey; (C) Phase 2 Dry Season Survey. Underlined values of stock size vefer to the ¢op ten speciesin

cach stratum and in total. Stock sizes obtained from catch in cod-end indicated in parentheses.

(A)
' : Stock size in tonngs
‘Top 10 ranked species of fish . Stratum { isobath rangeinm) Total
.' 5-10 . 10 - 20 20 - 50
Arius couma 397 {393y 35 ( 59) 0 652 ( 648)
A. grandicassis 2239 {2,157y 4336 (4,145) 83 ( 1) 1403 (7.043)
A.  parkeri? 678 { 669) 1.889 (1,884) 185 ( 155) 2722 (2,708)
A, proops 535 ( 528) 144 ( 144) 0 679 { 672)
A. quadrisculis 1.67 (1,579) 4956 (4,699) 187 ( 173) GB8I8 (645])
A rugispinis 1233 (1,173) 3065 (2,944) 0 4298 4,17
Bagre bagre . 157 ( I19) 427 { 319) 17 5) 601 { 443)
Brachyplatystoma flavicans* Lisa  (1,104) 167 { 104) 0 1271 (1,20%)
B. vaillantii* 1510 (1,342) 831 ( 647) 0 2341 (1,9%9)
Carcharhinus porosus 12 ( 12) 24 { M) 343 ( 54%) 579  { 379)
Cynoscion acoupa* A ( &) 2389 { 26%) 143 ( 143) 496 { 475)
C. virescens 788 ( 788) 1490 (1457 322 ( 302) 2600 (2,547)
Ephinephelus itajara 0 829 ( 829) 0 828 ( 829)
Macrodon ancylodon* 184 ( 34) L214 ( 218) 182 { 34) 1,580 ( 286)
Micropogonias furnieri B4 ( T 13 { t10) 283 ( 269) 480 ( 456)
Nebris microps 122 ( 72) 694 ( 537 4 (1D 851 ( 626)
Sphyrna tiburo 0 ] 164 ( 158) 64 { 158)
Tarpon atlanticus 337 ( 33D 0 0 337 ( 337
Trichivrus lepturus =~ 17 ( 12) 63 ( 24) 423 ( 22%) 503 { 260)
Brachyplatystoma filamentosum* 29 (22 2 (0 g 31 ( 21
Plagioscion squamosissimus* 21 ( 19) 0 0 21 (19
All of other fish species 900 ( 695) 1,524 ( 768) 531 ( 319) 2,955 (1,782)
Total ~ 12,346 (11,398) 22,052 (19,176) 3,825 (3,083} 38,223 (33,657)

* Key lish species.

(B)

Stock size in tonnes

Top 10 ranked species of fish © Stratum ( isobath range inm) Total
' C5-10 10 - 20 20 - 50

Arius couma 332 ( 330) 3!m (37 0 04 ( 702)
A.  grandicassis 2234 (2233) 4050 (4,117 1877 (1.858) 8261 (8,208)
A parkeri* L1738 (1,176) 2157 (2,143} 310 ( 309) 3645 (3.628)
A, phrygiatus 628 ( S61) 176 ( 163) 0 804 ( 724)
A quadriscutis 1754 (1,737)  L663  (1,638) 406 ( 366) 32823 (3,741)
A, rugispinis 1667 (1.646) 359 ( 805) o ( 110) 2636 (2.561)
" Bagre bagre ' 77 (N 548 ( 204) 440 ( 195) L1865 ( 516)
Brachyplatystoma flavicans* 2577 (2,546) ~ 703 ( 700) 0 3280 (3,246)
B vaillantii* 1770 (10,728) 1490 (1,422 0 13260 {12,150)
Carcharhinus porosus 10 (10 19 (19 163 (1,158) 1192 (LI8D)
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Tabie 18, (B) Continued

Stock size in {onnes

Top 10 ranked species of fish Stratum { isobath range inm ) Total
' 5-10 10-20 20- 50

Cynoscion virescens 420 ( 420) 906 ( %06) L1233 (1,233) 2359 (2,559)
Macrodon ancylodon®* L481 ( 105) 3027 ( M6) 2798 ( 237) 7406 ( 438)
Nebris microps 337 ( 255) 253 ( 209) 36 ( 222) 906 ( 686)
Plagioscion auratus 464 { 459) 272 { 270) 0 736 | 729')
Shyrna lewini : " 0 00 (9200 %20 ( 920)
Trichiurus lepturus 2 (0 13 (2 615 ( 161) 630 ( 163)
Brachyplatystoma filamentosum™ 53 ( 53) 0 o 53 { 353)
Cynoscion acoupat 67 ( 67 339 ( 339) NN N 41 { 47D)
Plagioscion squamosissimus* 157 ( 148) 0 C 0 157 (- 148)

All of other fish species 1421 (1,044) 1,346 ( 819) 1,334 ( 862) 4,100 (2,725)

Tolal 26,729 {23635y 18,3193 (14,274 11,593 (2,702) 56,715 (45,611)
* Key fish species.
<)

Stock size in tonnes
Top 10 ranked species of fish _ Stratum ( isobath range in m ) Total
5-10 10-20 - 20 - 50

Arius couma 798 ( 791) 89 ( 89) 0 887 ( $80)
A grondicassis 7324 (N7 9056 (9,037) 1615 (1,613) 17795 .{17,767)
A, parkeri* 2363 (2,360) 2813 (2.810) 648 ( 648) 5324 (5.818)
A proops 442 ( 440) 116 ( 15) 0 . 558 ( 555)
A, guadriscutis 2967 (2.917) 13552 (13416) 884 ( 879) 12403 (17,212)
A rugispinis L146  (1,140) 5445 (5,399) 41 ( 41) 6632 (6,580)
Bagre bagre 347 ( 249) 83t ( 532) 164 ( 62) 1342 ( 843)
Brachyplatystoma flavicans* 2,336 {2.312) 246 ( 240) 0 2,582 (2,558)
8. vaiflantii ¥ 3648 (3,259 5 (M) | 3723 {3,326)
Carcharhinus porosus O 174 ¢ 171)  LI88  (5,188) 1,359 (1,359)
Cynoscion acoupa* 349 { 349) 79 ( 7950) 140  ( 140) 1,279 ({1,275)
C . Virescens 94 394) 2498 (2.498) 598 ( 591) 3490 (3,483
Macrodon encylodon* 182 ( 28 1586 ( 256) 91 { 144) 4759 ( 428)
Micropogonias furnieri 64 ( 64y 240 ( 240) 469 { 469) (1)
Nebris microps (58 1265 (1,01 124 ( 97) 1460 {1,234)
Sphyrna tudes 19 ( 19 B4 339) 409 ( 409) J62  ( 762}
Stellifer rastrifer 4 (2 1404 ( 122) 506 ( T 14 ( 3D
Trichivurus lepturus 1) : 151 ( 105) 202 { 168) 353 ( 213)
Brachyplatystoma filameniosunt* 7 (R 0 ' 0 7 (D
Plagioscion squamaosissinius* 43 ( 40) -0 0 .43 ( 40)

All of other fish species 1,041 ¢ 781) 1430 ( 735) 667 ( 444} 3,138  (1,960)

Total 23,315 (22,322) 44,092 (38046) 8,190 (6,900) 75,597 (67,268)

* Key fish specics.



5.1.4, Distribution of CPUA and Stock Size of Key Fish Species

(a) Piramutaba Brach yplatystoma vaillantii
a-1) Distribution of CPUA
.Distribu.tion of CPUA for piramutaba in the seasons under survey is given in Figure 15. This
species was found to be mainly distributed in the 5-10 m stratum in both Dry and Rainy Scasons, more
widely in the Rainy Season. High values of CPUA were distributed in the offshore areas of the Northem
Channel of the Amazon River (10—20 m stratum) and of the Santa Rosa Sandbank (5-10 m stratum).

Piramutaba was not found in water deplhs below 20 m.
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Figure 15, Dlstrlbutwn of CPUA for Piramutaba Bmch)p!a{pstoma vaiilantii. {A) Phase } Dry Season Survey; {B)
Phase 2 Rainy Season Survey; (C) Phase 2 Dry Season Survey.
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Figure 15, Continued
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a-2) CPUA by stratum and water mass region
Table 19 shows CPUA values for piramutaba by stratum and water mass region.
i) CPUA by straturm
The mean CPUA by stratum was higher in the 5-10 m stratum, being extremely high except in
the Phase 1 Dry Season. In that stratum, the mean CPUA was higher in the Rainy Season (684) than in
both Dry Seasons '(88 and 212, respectively). The highest CPUA vatue found in all surveys was 10,239
in the 5-10 m stratum during the Rainy Season. The ratio of the mean CPUA obtained from catch in
cod-cnd to the mean CPUA from overall catch was above 80% in the survey.
i) CPUA by water mass region
As for the water mass region, the mean CPUA was considerably higher in river waters in all
seasons, with the values of 618, 1,163 and 1,181 respectively in survey order. The highest CPUA
value was recorded in brackish waters; piramutaba, however, was not found in ocean waters, The ratio
of the mean CPUA obtained from catch in cod-end to the mean CPUA from overall catch was above

80% in the survey.

Table 19, CPUA for Piramutaba Brachyplatystoma vaillantii. (A} Phase 1 Dry Season Survey; (B) Phasc 2 Rainy
Season Survey; {C) Phase 2 Dry Seasen Survey. Waler mass regions: RW, river waters; BW, brackish

waters; OW, ocean waters, Mean CPUA in parentheses obtained from catch in cod-end.

(A)
CPUA Stratum ( isobath range in m ) o Water mass o
3-10 10-20 20-50 RW BW ow
Mean 878 ( 780) 529 (412) 0 6180 ( 497.3) 278 (265) O
Standard deviation  263.6 260.4 - 637.5 128.4 -
Range 0-1,269.0 0-1,541.5 - 0-1,5415 0.9287 -
{B)
CPUA Stralum (isobath range inm) Watermass
: 5-10 10-20 20-50 RW BW ow
Mean ' 6843 (623.7) 949 (%06 0 1,162.7  (1,045.2) 640 (2463) O
Standard deviation  §,875.7 308.6 - 14873 13741 -
Range 0-10,238.5 0-14930 - 15.8-6,643.9 0-10,238.5 -
©€)
CPUA Stratum (isobath rangeinm) _____ Water mass
' 5-10 ' 10-20 20-50 RW Bw ow
Mean 2121 (189.2) 48 ( 46} 0 11810 (1,0402) 311 (293) @
Standard deviation 7236 29.5 - 1,619.9 123.2 -
_ Range 0-4,6103 - 0-2068 . - 23.8-4610.3 0-545.1 -

a-3) Relationship between bottom salinity and CPUA
" ~ Figure 16 iltustrates the ré!ationship between the sdlinily of the bottom {ayerand CPUA. Dataon

traw] stations where piramutaba was not caught are omitted. (So are heretofore those for other kéy fish
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specics in the same situation.) CPUA values were scattered within the 0-33 psu limits: high vatues (above

1,000) werc generally found below 10 psu, and the above-mentioned highest value was registered around

25 psu.
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Figure 16. Relationship between bottom salinity and CPUA for Piramutaba Braéhyp!atysfoma vaillantii

a-4) Stock size

Estimates of the stock sizes of piramutaba are shewn in Table 20. The estimate of the total stock
size was as follows: 2,341 tonnes for Phase 1 Dry Season, with a 95% confidence interval of + 1,962
tonnes (coefficient of variation CV = 37%); 13,260 tonnes for Phase 2 Rﬁiny Scason, with a 95%
confidence interval of £ 9,980 tonnes (CV = 33%); and 3,723 tonnes for Phase 2 Dry Season, with a 95%
confidence interval of 1. 3,764 tonnes (CV = 45%). The stock size for each survey in Lhc 5-10¢ m stratum
was rcspccmcly 65%, 89% and 98% of the tota! stock size. . _

The stock size in the Phase 2 Rainy Season was about 10,000 tonnes larger ‘than for both Dry
Seasons. It is thought this is due to the fact that the river waters spread out widely into the offshore in the
Rainy Season, and nafrowly in the Dry Secasons. Consideﬁﬁg .!_he pfecisiqn of the estimates (95%
confidence interval and CV), the difference in the estimateé is not signiﬁcﬁnt._ On the other hand, the stock
size in the Phase 2 Dry Scason was some 1,400 tonnes larger than in the Phase | Dry Sea.ézon. However the
low precision of these estimates (95% confidence interval and CV) does not alow one to conclude there
was an actual increase in a one-year period. | o

The ratio of the stock size obtained from catch in cod-end to the total stock size was quite high in

al scasonal surveys — respectively, 85%, 92% and 89%.



Table 20. Stock size estimates of Pivamutaba Brachyplatystoma vaillontii. Stock size in parentheses obtained from
catch in cod-end. |

C Stock size in fonnes .
Stratum Arca Phase
(isobath range inm)  in km? 3 2
: Dry Season Rainy Season - Dry Season
5-10 17,200 1,510 (1,342) 11,770 (10,728) 3,648 (3,259)
10 - 20 15760 831 ( 647 1,490 ( 1,422) 15 (
20 - 50 9,300 0 0 ]
Toltal 42,200 2,341 (1,989) 13,260 (12,150) 3,723 (3,326
95% confidence interval 11,962 (:1,659) 49980  (£9,584)  £3,764 (%3422)

(b) Dourada Brachyplatystoma flavicans

b-1) Distiibution of CPUA

Distribution of CPUA for doursada is given in Figure 17. Dourada was found to be mainly

distributed in the 5-10 m stratum in both Dry and Rainy Seasons, somewhat wider in the Rainy Scason. It

was not recorded from water depths below 20 m.
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Figure 17, Continued
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b-2) CPUA by stratum and water mass region

Table 21 shows CPUA values for dourada by stratuni and water mass region.
i) CPUA by stratum
The mean CPUA by stratum was quite high in the 5--10 m stratum in all seasonal surveys. In that
stratum, the mean CPUA was higher in the Rainy Seasoﬁ {150) than in both Dry Seasons (68 and 136,
respectively). The highest CPUA value found in all surveys was 1,898 in the 5- 10 m stratum during the
Rainy Season. The ratio of the mean CPUA obtained from catch in cod-end to the mean CPUA from
overall catch was above 95% in the survey.

it) CPUA by water mass region

Except for the Phase 1 Dry Season, the mean CPUA by water mass region was higher in river
waters: in that season, it was slightly higher in brackish waters than in river waters. The mean CPUA
in river waters showed increasing values of 44, 137, 160 respectively in survey order. The highest
CPUA value was recorded in brackish waters; dourada, however, was absent from ocean waters. The

ratio of the mean CPUA obtained from catch in cod-end to the mean CPUA from overall cateh was

above 90% in the survey.

Table 21, CPUA for Dourada Brachyp!m‘y&tamb Jlavicans. (A) Phase 1 Dry Season Survey; (B) Phase 2 Rainy
Season Survey; (C) Phase 2 Dry Season Survey. Water mass regions: RW, river waters; BW, brackish

waters; OW, ocean waters. Mean CPUA in parentheses obtained from catch in cod-cnd.

(A)
CPUA Stratum { isobath range in m ) Watermass
5-10 10-20 20-50 RW BW ow
Mean 677 (642) 68 ( 66) O 436 (403) 459 (438 O
Siandard deviation 124.2 294 - 48.9 1030 -
Range 0-541.9 0-1684 - 0-128.0 0-541.9 -
®B) . .
CPUA Stratum ( isobath range in m ) Water mass
5-10 10-20 20-50 RW BWY ow
. Mean . 1498  (1480) 448 (446} © 1369 (1362) 989 (977 O
Standard deviation  292.9 127.3 - 144.0 2563 -
Range 0-1,8980 0-663.7 - 0 -400.0 0-1,893.0 -
©) '
. CPUA ' Stratum (isobath range in m ) Watermass
5-10 10-20 20-50 RW BW ow
" Mean 1358 (134.4) 157 (157 © 160.0  (156.3) 883 (8.7 0
Standard deviation  289.6 750 - 229.2 244.0 -
Range ' 0-1,609.6 0-4207 - 0-689.0 0-1,60%96 -
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b-3) Relationship between bottom salinity and CPUA

Figure 18 illustrates the relationship between the satinily of the bottom layer and CPUA. CPUA
values were scattered within the 0-33 psu rénge: the above-mentioned highest value was registe'red around

10 psu.

2,000 _
1,600 Ao

L] Phase 1 Dry Sgasor.n
@ Phase 2 Rainy Season
% Phase 2 Dry Season
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0 5 10 15 20 25 30 35 40
Bottom salinity {psu)

Figure 18. Relationship between bottom salinity and CPUA for Dourada Brachyplatystoma flavicans.

b-4) Stock size

Estimates of the stock sizes of dourada are shown in Table 22. The estimate of the total stock
size was as folIows: 1,271 tonnes for Phase  Dry Season, with a 95% confidence interval of £ 730 tonnes
(CV = 24%); 3,280 tonnes for Phase 2 Rainy Season, with a 95% confidence interval of + 1,684 tonnes
(CV = 22%); and 2,582 tonnes for Phase 2 Dry Season, with a 95% confidence interval of £ 1,587 tonnes
(CV = 27%). The stock size for each survey in the 5-10 m stratum was respectively 95%, 99% and 99%
of the total stock size. _ -

The stock size in the Phase 2 Rainy Season was about 2,000 tonnes larger than in tﬁe previous
Dry Scason and 700 tonnes greater than in the following one. This difference is thought to bg due to the
scasonal difference in the spreading out of river waters into the offshore in different scasons. Also, the
stock size in the Phase 2 Dry Season was some 1,300 tonnes larger than in the Phase | Dry Season.
However, the low precision o_f these estimates (95% confidence intewai and CV) prevents one from
jumping into any conclusion of increase.

The ratio of the stock size obtained from catch in cod-end to the tatal stock size was quite high in

all scasonal surveys — respectively, 95%, 99% and 99%.



Tabte 22, Stock size estimates of Dourada Brachyplatystoma flavicans. Stock size in parentheses obtained from

catch in cod-cnd.

Stratum

Stock size in tonnes

Area Phase e
{isobath range inm)  in km? 1 : 2
: Dry Season Rainy Season’ Dry Season
5-10 17,200 1,164 (1,104) - 2,51 (2,546) 2,336 (2,312)
10 - 20 15,700 107 ( 104) 703 ( 700) 246 ( 245)
20 - 50 9,300 0 0 0
Total 42,200 1,271 (1,208) 3,280 (3,246) 2,582 (2,558)
95% confidence interval +730 (£701) 1,688 (:1,684)  £1,587  (+1,578)

(c) Filhote Brachyﬂatystama ﬁlamehrosum

¢-1) Distribution of CPUA

Distribution of CPUA for ﬁ]hote is given in Figure 19. In comparison with the two previousty

mentioned catfishes, filhote was sparsely distributed in a narrower range, and CPUA was low. It was not

found to be distributed in water depths below 20 m.
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Figure 19, Disiribution of CPUA for Fillio(i_: Brachyplatystema filamentosum. (A) Phase 1 Bry Season Survey; (B)
Phase 2 Rainy Season Survey; (C) Phase 2 Bry Season Sunvey,
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Figure 19, Continued
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c-2) CPUA by stratum and water mass region

Table 23 shows CPUA values for dourada by stratum and water mass region.
i) CPUA by stratum
The Mean CPUA by steatum was 0.4-3 in the 5-10 m stratum, 0-0.1 in the 10-20 m stratum,

both exceedingly low. The highest CPUA value overall was a fow 51 recorded in the 5-10 m stratum,
during the Phase 2 Rainy Season Survey,

i) CPUA by water mass region

The mean CPUA by water mass region remained within the 0.3-4 range, and was very low. The

highest value mentioncd above was registered in river waters. Fithote was found not to occur in ocean
waters.

Table 23. CPUA for Filhote Bmc):;pla:ystoma Silamentosum. (A) Phase 3 Dry Scason Survey; (B) Phasc 2 Rainy
Season Survey; (C) Phase 2 Dry Season Survey. Water mass regions: RW, river waters; BW, brackish

waters; OW, ocean waters. Mean CPUA in parcatheses obtained from catch in cod-end.

(A)

CPUA Stratum { isobath range inm ) Waler mass
5-10 10-20 20-50 RW BW oW
Mean 17 (13 01 (90) 0 03 (0) 12 (09 0
Standard deviation 6.9 04 - 0.5 5.7 -
Range 0-44.9 8-25 - 0-25 0-44.9 .
(B) . _
CPUA Stratum  isohath range inm ) Waler mass
‘ 5-10 10-20 20-50 RW BW ow
Mean 31 { 3.1) L1 0 39 { 3.8) 12 (123 0
Standard deviation  10.1 - - 11.8 6.3 -
Range 0-509 - - . 0-309 0-40.3 T
© i
CPUA Stratem { isobath range inm ) Water mass
5-10 10-20 20-50 RW BW ow
Mean 04 (04 O 0 24 (24 0 0
Standard deviation 2.6 - - 6.9 - -
Range 0-194 - - _0-194 o -

c-3) Relationship between bottom sdlinity and CPUA

~ Figure 20 _ilIus{rates the relationship between the salinity of the bottom layer and CPUA. In

contrast to the‘previous two catfishes, filhote had CPUA values seattered within a narrow salinity range of
0-15 psu.
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Figure 20, Relationship between boltom salinily and CPUA for Filhote Brachyplatystoma filamentosum.

¢-4) Stock size

Estimates of the stock sizes of fithote are shown in Table 24, The estimate of the total stock size
was, respectively in scasonal survey order, 31, 53 and 7 tonnés; a 95% confidence interval yielded values
of, respectively, + 38, + 55 and 13 tonnes; CV values were, respectively, 53%, 44% and 87%. In the
5-10 m stratum, the scasonal stock size was respectively 76%, 100% and 100% of the totzﬂ stock size.

The stock size in the Phase 2 Rainy Season was about 20 tonnes larger than in the previous Dry
Season and 50 tonnes greater than in the next one. Also, the stock size in the Phase 2 Dry Season was some
20 tonnes larger than in the Phase | Dry Scason. Considering the precision of the estimates (95%

confidence interval and CV), the difference is not significant.

‘The ratio of the stock size obtained from catch in the cod-end to the total stock size was around
70-100%.

Table 24, Stock size estimates of Filhole Brachyplatystoma filanmentosum. Stock size in parentheses obtained from

caich in cod-end.

Stock size in lonngs

Stratun Arca Phase o
(isobath range inm)  inkm? ! P : 2 :
Dry Season : Rainy Season Dry Season )
5-10 17,200 29 { 22) 53 ( 53 7 (N
10 - 20 15,7060 2 {® ¢ 0 :
i 20 - 50 9,300 0 0 0
i Total 42,2060 31 (2279 3 (s5» 1 (N
95% confidence interval __l___ii 38 W_iTifH) - #355 (£55) 13 (£13)
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{d} Pescada branca Plagiascr'on squamosissimus
d-1) Distribution of CPUA |
Distribution of CPUA for pescada branca is given in Figure 21. This species was found to be
sparsely distributed in the offshore area of the Northern Channel of the Amazon River in the Phase 1 Dry
Scason, but in both i_’hésc 2 Rainy and D.ry Seasons it presented a wider distribution range. Except for a

single instance in the Phase | Dry Season, pescada branca was not found in water depths below 10 m.
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Figure 21, Distribution of CPUA for _Pcsfada branca Plagloscion squamosissimus. (A) Phase 1 Dry Season Survey;
(B) Phase 2 Rainy Season Sunvey; (C) Phase 2 Dry Scason Survey.



Figure 21. Continued
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d-2) CPUA by stratum and water mass region
Table 25 shows CPUA values for pescada branca by stratum and water mass region.
i) CPUA by stratum )

The mean CPUA in the 5-10 m stratum was higher in the Rainy Season (9) than in the Dry
Seasons (1 and 3, respectively). Inthe 10-20 m stratum (Phase | Dry Season Survey), the mean CPUA
was lower than 0.1. The highest CPUA (128) was recorded in the 5--10 m stratum during the Rainy
Season, All CPUA values were quite tow. In the 5-10m stratum, the ratio of the mcan CPUA obtained
from catch in cod-end to the mean CPUA from overall catch was above 90% in the sunvey.

ii} CPUA by water mass region

In all seasons, the ﬁwn CPUA by water mass region was higher in river waters than in brackish
watcrs, and in both water mass regions that value was higher in the Rainy Season (river, 14; brackish,
3) than iﬁ the Dry Seasons (river, §; brackish, 0.3-1). The highest CPUA value (128) was registered in
brackish waters. Pescada branca was found not to accur in ocean waters. The ratio of the mean CPUA

obtained from catch in cod-end to the mean CPUA from overall catch was about about 80 100%.

Table 25. CPUA for Pescada branca Plagioscion squamosissimus. {A) Phase 1 Dry Season Survey; (B) Phase 2
Rainy Season Survey; (C) Phase 2 Dry Season Survey. Water mass regions: RW, river waters; BW,

brackish waters; OW, occan waters. Mcan CPUA in parentheses obtained from catch in cod-end.

(A)
CPUA Stratum ( isobath range in m ) Watcr mass
5-10 10-20 20-50 RWY BW ow
Mean 12 (LD 0 (o) 0 50 (45 03 (63 ©
Standard deviation 5.6 0.03 - 114 28 -
Range 0-325 0-02 - 0-325 0-24.3
(B) _
CPUA Stratum ( isobath range in m ) Water mass
5-10 10-20 20-50 RW BW ow
Méan 8.1 { 8.6) 0 0 144  (137) 29 (28 O
Standard deviation 255 - - 234 17.8
Range 0-1280 - - 0-66.9 0-1280
{C) )
CPUA * Stratum ( isobath range in m ) Water mass
C 5-10 . 10-20 20-50 RW BW ow
Mean 25 [ 23) 0 ] 53 ( 44} 1.2 { 1.2) 0
Standard deviation 7.9 . - 92 60

Range 0-400 - - 0-2538 0-40.0




d-3) Relationship beh\cen bottom salinity and CPUA
Figure 22 illustrates the relationshi ip betw cen the salinity of the bottom fayer and CPUA CPUA
values were scattered within the 0-15 psu rangc: values above 50 all in the Ramy Scason) were generally
found below 5 psu, and the above-mentioned highest value (128)' was recorded in brackish waters gréatly

- influenced by river waters (i.¢., freshwater) where salinity was near 0 psu.
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Figure 22. Refationship between bottem satinity and CPUA for Pescada branca Plagioscion squamosissimus.

d-4) Stock size

Estimates of the stock sizes of pescada branca are shown in Table 26. The estimate of the total
stock size was as follows: 21 tonnes for Phase 1 Dry Season, with a 95% confidence interval of ES 30
tonnes {CV = 65%}); 157 tonnes for Phase 2 Rainy Season, with'é. 93% confidence interval of + 133 tonnes
(CV = 38%); and 43 tonnes for Phasc 2 Dry Season, witha 9IS% canfidence interval of + 42 tonnes {CV
= 43%). Those stock sizes were existed in the 5-10 m stratum. '

The stock size in the Phase 2 Rainy Season was about 130 tonnes larger than in the pré\?ibus Dry
Season and 110 tonncs greater than in the following one. This is thought to be due to the seasonal
difference in the spreading out of river walers into the offshore in differcnt seasons. Also, the stock size in
both Dry Seasons differed in about 20 tonnes. Considering the precision of the estimatcé, the difference is

not significant.
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Table 26, Siock size estimates of Pescada branca Plagiescion squamosissimiis. Stock size in parentheses obtained

from catch in cod-end.

Stratum

Stock size in lonnes

Area Phase o
(isobath range inm)  inkm’ |
Dry Season Rainy Season Dry Season

5-10 17,200 21 (19 157 (148) 43 ( 40}
10 - 20 15,700 0 0 0
20 - 50 9,300 0 ] 0 0

Total - 42,200 21 ( 19) 157 {148) 43 { 40)

95% confidence interval - - X3 {£30) +135 (X 133) +42 (£42)

(e) Pescada amarela C}‘no&cian acoupa
¢-1) Distribution of CPUA

Distribution of CPUA for pescada amarela is given in Figure 23, This species was found

scattered in the entire survey area. This distribution tended to be more dense as the survey contitued, being

particularly concentrated north of 2° N, between longitudes 49°00°W and 49°40°W, in both seasons of

Phase 2.
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Figure 23. Distribution of CPUA for Pescada amarela Oynoscion acoupa. (A) Phase 1 Bry Season Survey; (B)

Phase 2 Rainy Season Suh'ey; {C) Phase 2 Dry Season Survey.
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Figure 23. Continued
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¢-2) CPUA by stratum and water mass region
Table 27 shows CPUA values for pescada amarela by stratum and water mass region.
1) CPUA by stratum

The mean CPUA was high in all seaséns in the 10-20 m stratum. On the other hand, except for
the 2050 m stratum, the mean CPUA increased in survey order: ifs values were 4, 4, 20 for the 5-10
m stratum, and 18, 22, 50 for the 10-20 m stratwm. For the 20-50 m stratum, however, the CPUA
order was 15,8, 15. The highest CPUA (536) was recorded in the 10-20 m stratum during the Phase 2
Dry Season Survey. The ratio of the mean CPUA obtained from catch in cod-end to the mean CPUA
from overall catch was 100%— except for one instance in 10-20 m stratum during the Phase 1 Dry
Scason Survey, when it was 93%.

it) CPUA by water mass region

Pescada amarela was not found to occur in river waters. In all seasons, the mean CPUA by water
mass region was higher in ocean waters (19, 19, 62 in season order) than in brackish waters (10, 13,
23), and in both water mass regions that vatue increased in survey order. The highest CPUA (536) was
registered in ocean waters. The ratio of the mean CPUA obtained from catch in cod-end to the mean
CPUA from overall catch was 100% — except for one instance in brackish waters in the Phase 1 Dry

Season Survey, when it was 93%.

Table 27. CPUA for Pescada amarela Cynoscion aconpa. (A) Phase 1 Dry Seasen Survey; (B) Phasc 2 Rainy
Season Survey; (C) Phase 2 Dry Season Survey. Water mass regions: RW, river waters; BW, brackish

waters; OW, ocean waters. Mean CPUA in parentheses obtained from catch in cod-end.

(A)
CPUA Stratum (isobath range inm) - ______ Water mass
3-10 10-20 20-50 RW BW ow
Mean 37 (37 184 (17.1) 154 (15.4) 0 95 (88 193 (19.3)
Standard devialion 19.9 48.5 S11 - 368 47.2
Range 0-1398 0-2377 0-169.6 - 0-2317 0 - 169.6
(B}
CPUA Stratum (isobath range in m ) Waler mass .
5-10 10-20 20-50 RW BW ow
Mean 319 (39 216 (21.6) 76 (1.6 0 128 (128} 19.4 (19.4)
Standard deviation  18.7 61.1 26.5 - 41.5 65.5
Range 0-1185 - 0-28%.1 0-99.4 - 0-268% 0-289.1
(©) — .
- CPUA _ Stratuin (isobath range inm) Watermass
, . 5-10 - 1020 . 20-50 RW BW ow
Mean 203 Q03) 503 (50.3) 151 (i5.1) 0 231 (231 617 (61.7)
Standard deviation  63.3 3522 Heg - - 64.5 137.5
Range 0-3247 0- 5355 0-226.9 - 0-3247 0-5355

1



c-3) Relationship between bottom sallmly and CPUA
Figure 24 illustrates the re!atlonshnp bel\\ cen the salinity of the bottom lay er and CPUA.
Pescada amarela was not found in salinities below 15 psu. CPUA values were scaltered within the 15-36

psu range, and high CPUAs (over 200) were found only in waters with salinity above 25 psu.
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Figure 24, Relationship between boftom salinity and CPUA for Pescada amarela Oynoscion acoupa.,

c-4} Stock size

Estimates of the stock sizes of pescada amarela are shoﬁn in Table 28. The estimate of the total
stock size was as follows: 496 tonnes for Phase 1 Pry Scason, with a 95% confidence interval of + 304
tonnes {CV = 38%}); 477 tonnes for Phase 2 Rainy Season, with a 95% confidence interval of & 333 tonnes
(CV =33%), and 1,279 tonnes for Phase 2 Dry Season, with a 95% confidence interval of + 684 tonnes
{CV =26%). In the 1020 n stratum, the seasonal stock size was respectively 58%, 71% and 62% of the

* total stock size. _ ' )

The stock size in the Phase 2 Diry Season was about 800 tonnes larger than in the other two
seasons. This growth can be possibly duc to the increasing recruitment of large-size fish into the survey
arca. Considering the precision of the estimates (95% confidence intervat and CV) the difference should
not be significant. The ratio of the stock size obtamed from catch in cod-end to the stock size from overall

catch was 100%, except for a 96% valup i the Phase 1 Dry Scason Suney



Table 28. Stock size estimates of Pescada amarela Cyroscion acoupa. Stock size in parentheses obtained from

catch in cod-end.

Stock size in tonnes

Stratum Area Phasc
(isobath range inm)  in km? 1 2
- Dry Season Rainy Scason Dry Season
5-10 12,200 64 { 64) 67 (67 - 349 ( 349
10 - 20 15,700 289 (269) 339 (339) 790 ( 790)
20 - 50 9,300 - 143 (143) 71 { 71) 140 ( 140)
Total 42,200 49 (76) a7 (477 1279 (1,279)
95% confidence interval - +304 (£291) +333 (+133) 684 (£684)

(f) Pescadinha gb Macrqdon anc_ﬂodbn
f-1) Distribution of CPUA_
Distribution of CPUA for pescadinha gé is given in Figure 25. This species was found to be
widely distributed in lhe‘entire survey area except in the 5-10 m stratum near the shoreline. CPUA values

were higher in both seasons of Phase 2 than in the Dry Season of Phase 1.
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Figure 25, Distribution of CPUA for Pescadinha gb Macrodon ancylodon. {A) Phase 1 Dry Season Survey; (B)
Phase 2 Rainy Season Survey; {C) Phase 2 Dry Seascn Survey,
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Figure 25. Continued
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f-2) CPUA by stratum and water mass region

Table 29 shows CPUA values for pescadinha go by stratum and water mass region.

1) CPUA by stratum

High values of CPUA were recorded in the 10-20 m stratum in the Dry Seasons, and in the

20-50 m stratumin the Rainy Season. For the 5-10 m and 20-50 m strata, the mean CPUA was higher

in the Rainy Season (respectively, 86 and 301} than in the Dry Scasons (Phase 1: 11, 20; Phase 2: 11,
107). In the 16-20 stratem, the mean CPUA increased in survey order: 77, 199, 228. The highest
CPUA (2,360) was recorded in the 10~20 m stratum during the Phase 2 Rainy Season Survey. The

ratio of the mean CPUA obtained from catch in cod-end to the mean CPUA from overall catch was

lower than 20% in all seasons.

1) CPUA by water mass region

Pescadinha gé was only found in niver waters in the Phase 2 Dry Season Survey. In all seasons,

the mean CPUA by water mass region was higher in ocean watees (51, 244, 202 in scason order) than

in brackish waters (40, 172, 88), and in both water mass regions that value was higher in the Rainy

Season than in the Dry Seasons. The mean CPUA in river waters in the Phase 2 Dry Season was an

extremely low 0.5. The highest CPUA value mentioned above was recorded in brackish waters. The

ratio of the mean CPUA cbtained from catch in ¢od-end to the mean CPUA from overall catch was

below 10% — except for a 22% value in brackish waters in the Phase | Dry Season Survey:.
¥

Table 29. CPUA for Pescadinha g6 Macrodon ancylodon. (A) Phasc 1 Dry Scason Survey; (B) Phase 2 Rainy

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

waters; OW, ocean waters. Mean CPUA in parentheses obtained from calch in cod-end.

(A)
CPUA Stratum ( isobath range inm ) Water mass
' 5-16 10-20 20-50 RW BW ow
Mean 07 (20) 773 (139 196 { 3D 0 404 (89 513 (4.8)
Standard deviation  20.5 96.5 474 - 65.3 100.1
Range 0-116.5 0-4143 0-1513 - 0-269.6 0-414.3
(B) _
CPUA Stratum { isobath rangeinm) Waler mass
' 5-10 10-20 20-50 _Rw BW ow
Mean 86.1 (6.1) 1992 (93) 3009 (25.5) 0 1724 (89 2437 (L1
Standard deviation 220.7 404.7 . 3331 - 360.6 3164
Range 0-1,4467 0-2,360.0 0-1,177.6 - 0-2,360.0 0-11776
(€} _ o
CPUA Stralum { isobath range in m ) Waler mass
' 5-10 10-20 20-50 RW BW oW
Mean 106 (16) 2284 (163) 1065 (155) 05 (0) 876 (82) 2022 {(148)
Standard deviation  16.6 3522 116.8 1.3 186.5 370.8
Range 0-81.2 0-§711.2 0-3832 0-3.7 0-1,019.1 0-1,711.2
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£-3) Relationship between bottom salinity and CPUA
~ Figure 26 illustrates the relattonshnp between the salsmty of the bottom la)er and CPUA,
Although CPUA values were scattered within the 0-36 psu range, hlgh CPUAS {over 500, not recorded in
the Phasc | Dry Season Survey) were found only in waters with $alinity in the 15-36 psu range.

2,500 : i i ! i
' © Phase 1 Dry Season ‘ ‘ : °
® Phase 2 Rainy Season !
2,000 - xPhase 2 Dry Season | e
! X
< ]’500 S U SO A _. .................
o] L]
3} .
1,000
0 . SO ', e *
0 5 10 . 15 20 25 30 35 40

Bottom salinity (psu)

Figure 26. Relationship between bottom salinity and CPUA for Pescadinha g Macrodon ancylodon.

£-4) Stock size

Estimates of the stock sizes of pescadinha g6 are shown in Table 30. The esimate of the total
stock size was as follows: 1,580 tonnes for Phase 1 Dry Season, with a 95% confidence interval of £ 578
tonnes (CV = 17%); 7,406 tonnes for Phase 2 Rainy Scason, with a 95% confidence interval of + 2,511
tonnes (CV = 18%); and 4,759 tonnes for Phase 2 {)1"3,r Se.asoﬁ,l with a 95% confidence interval of + 1,399
tonnes (CV = 18%). In the 10-20 m stratum, the seasonal Stock size was respectivé!y 717%, 42% and 73%
of the total stock size,

The stock size in the Phase 2 Rainy Season was about 6,000 tonnes !arger than in the prewous
Dry Season and 3,000 tonnes greater than in the followmg one — a conSIderablc difference. Also, the
stock size in the Dry Seasons in both Phases showed a difference of about 3,000 tonnes in favor of Phase
2. This difference is possibly due to the natura! gro;wth of the population .(recruitment plus incfcmcnt
minus natural mortality). _ .

The ratio of the stock size obtained frém catch in cod-end to thé stock Size from overall catch
was, in survey order 18%, 7% and 5%. Dlﬂ‘ereml) from other key fish species, pescadinha go was mostly

caught by the covernet — so its stocks probably ha»e been relatively unaffected by the fishing gear used by

the industrial fleet operating in the survey area,



Table 30, Stock size estimates of Pescadinha gd Macrodon ancylodon. Stock size in parentheses obtained from

catch in cod-end.

S Stock size in tonnes
Stratum Area Phase

(isobath range inm)  inkm’ 1 . 2 ‘
: Dry Secason Rainy Season Dry Season )
5710 17,200 18 ( 34) 1481 (105) 182 ( 28)
16 - 20 15700 1214 (218) 3127 (146) 3,586 (236)
20 - 50 9,300 182 { 34) 2,198 {237) 991 (144)
Total 2200 1580 (286) 7.406 (488) 3,759 (428)
95% confidence interval  #578 (£ 152) £2511  (£148)  *+1899  (£173)

(2) Gurijubé Arius parkeri
g-1) Distribution of CPUA
Distribution of CPUA for gurijuba is given in Figure 27. The distribution pattemn for gunjuba
was simifar to that of pcscadinha' 26; however, differently from pescadinha gé, gurijuba was not found in
the 5--10 m stratum offshore between the Northern and Southern Channels of the Amazon River, or in
water depths below 20 m. Distribution of gurijuba did not change with the season but became more

concentrated as the survey progressed.

(A)
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Figare 27. Distribution of CPUA for Gurijuba Arius parkeri. (A) Phase 1 Dry Scason Survey; (B) Phase 2 Rainy
Scason Survey; (C) Phasc 2 Dry Season Survey. '
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Figure 27, Continued
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£-2) CPUA by stratum and water mass region

Table 31 shows CPUA values for Gurijuba by stratum and water mass region.

i} CPUA by stratum

The mean CPUA in the 10-20 m stratum was higher than in the other strata in all scasons. Also,

the meé.n CPUA increased in survey order in each s{ratum, with values of 39, 69, 137 for the 5-10 m
stratu_ni; 120, 137, 179 for the 10-20 m siratum; and 17, 33, 70 for the 20-50 m stratum. The highest

CPUA value (1,031) was recorded in the 510 m steatum, during the Phase 2 Dry Season Survey. The

ratio of the mean CPUA obtained from catch in cod-end to the mean CPUA from overall catch was

99-100% in all scasons.

it) CPUA by water mass region

Gurijuba did not occur in river waters in any season, The mean CPUA was higher in brackish

waters than in ocean watecs regardless of season. On the other hand, the mean CPUA in both water

mass regions increased in survéy order: values for brackish waters were 81 o 117 and 173 respectively,

and for ocean waters 66, 88, 117. The above-mentioned highest CPUA value was registered in brackish

waters, The ratio of the mean CPUA obtained from catch in cod-cnd to the mean CPUA from overall

catch was 99-100% in the survey.

Table 31. CPUA for Gurijuba Arius parkeri. (A) Phase 1 Dry Season Survey; (B) Phase 2 Rainy Scason Survey;

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

ocean waters. Mean CPUA in parentheses obtained from catch in ced-end.

(A)
CPUA Stratum ( isobath range in m) Water mass
: - 5-10 10-20 20-50 RW BW owv
Mean 324 (389 1203 (1200) 16.7 ( 16.7) 0 813 (8B0B) 657 (657
Standard deviation  72.6 186.8 3716 - 1178 199.7
Range 0-290.6 0-941.2 0-104.3 - 0-699.4 0-941.2
(B)
CPUA Stratum ( isobath range inm ) Water mass
5-10 10-20 20-50 RW BW oW
Mean L 685  (684) 1374 {(13165) 333 ( 332) 0 1170 (1164) 876 ( 875)
Standard deviation  131.0 2318 61.5 - 193.1 185.6
Range 0-700.5 0-9390 0-2179 - 0-9239.0 0-7319.5
(C) : e
CPUA - Stratum ( isobath range in m) Water mass
5-10 C 20 20-50 RW BW ow
. Mean 1374 (1372) 1792 (179.0) 697 ( 69.7) 0 1733 (173.2) 1172 {1170}
Standard deviation 2348 186.1 165.6 - 2204 190.3
Rﬂnge G-1,0312 0-7073 0-5934 - 0-10312 0-707.3
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g-3) Relationship between bottom salinity and CPUA
Figure 28 illustrates the relationship between the Salinity of the bottom layer and CPUA.
Gurijuba had CPUA values scattered within the range of 0-36 psu, but high vatues (over 400) were mainly
distributed within the interval of 25-36 psu.
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Figure 28. Relationship between bottom salinity and CPUA for Gurijuba Arius parkeri.

g-4) Stock size

Estimates of the stock sizes of gurijuba are shown in Table 32, The estimate of the tota! stock size
was as follows: 2,722 tonnes for Phase 1 Dry Season, with & 95% confidence interval of 1,093 toanes (CV =
17%); 3,645 tonnes for Phase 2 Rainy Season, with a 95% confidence interval of £ 1,372 tonnes (CV = 17%);
and 5,824 tonnes for Phase 2 Dry Season, witha 95% oor-ﬁdence interval of £ 1,578 fomeé (CV = 14%).

The stock size in the Phase 2 Dry Season was about 3,000 tonnes larger than in the Phase 1 Dry Season
and 2,000 torcs greater than in the Phase 2 Rainy Season. It is not clear whether this growth in the stock size along
the survey order can be attributed to a natural population growth that comes along with declining catchics.

The ratio of the stock size obtained from catch in cod-end to the stock size from overall catch

was quite high — near 100% in all scasons.

Table 32. Stock size estimates of Gurijuba Arius parkeri. Stock size in parentheses obiained from catch in cod-end.

Stock size in tonnes

Stratum Area Phase
(isobath range inm)  in km? 1 o _ 2 ‘
1 Dry Season Rainy Season ©~ = . Dry Season -
5-10 17,200 618 (69 LI (L,176) © 2363 (2,360)
10 - 20 15700 1,889 (1,38%) © 2,157 (2,143) 2813 - (2,310)
20 - 50 9,300 155 (_155) 310 ( 309) 648 ( 648)
Total 42200 2722 (2,708) 3645 © (3,628) 5824 (5,818)
95% confidence inferval 1,093 (£1,089) +1,372  (£1376)  *1,578  (1,578)

g0
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