ptine ]

Depth of the thermocline changed drastically between stations B-20 and B-21 along the
north-south section. Positions and thickness of mixing layers showed less significant
change along the parallels, especially Line-A to D (Figures 5-5 and 5-6). In the
southern part, the mixing layers were not always homogeneous along Line-E and F with
drastic changes at Stations B-24 and B-29, except at the very coastal area along Line-G.
In short, the position of the themocline represented by 25°C and the
thickness of mixing layer showed significant north-south variation in the early phase of
northeast monsoon season. East-west variation was found not to be remarkable in the
waters north of -Line-D, bul significant along the southern lines. Salinity showed
remarkable variation in the sea surface. Along Line-1, low salinity was observed at
Stations B-19 and B-28, the lowest value appeared at B-19 (Figure 5-2). On Line-2,
low salinity was observed at Station B-20 (Figure 5-3). In the low saline water,
température was homogeneous, indicating existence of mixing layer, but gradient of
salinity was appreciable. Vertical profile along Line-D connecting stations B-19 and B-
2% of east-west section showed no thermal gradient, but a remarkable stope in salinity
(Figure 5-6). A remarkable east-west salinity gradient was found in other profiles. Below
the mixing layer, the haloclines were found at almost the same thermocline positions.
Figure 5-9 shows fairly homogenous horizontal distribution of temperature at the
subsurface layer of 10 m depth.  Salinity was remarkably tow to the north of Da Nang
and at B-20 off Nha Trang. Low saline water found in quadrangles of 8 N to 9" N in
the South Region might have reflected extrusion of waters from the Mekong River.
4 The oceanographic conditions in the early phase of the northeast monsoon season
are featured by a nornth-south change of mixing layers between Line-C, represented
by stations B-17 and B-18, and Line-D, represented by stations B-24 and B-25,
located at 12° N, thin in the north and thick in the south.
& Other features are the large north-south thermocline gradient between Line-C and
D, shown by difference of depth of about 45 m.
<% It is also noted that low saline water is present in the sub-surface layer in the waters

north of Da Nang and B-20 off Nha Trang,
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@ Late phase
Vertical mixing proceeded with development of the monsoon. in
November and December.  Along Line-1, the mixing layer reached as thick as about
100 m at St.atiohs B-10 and B-1§ (Figure 5-10). A thermocline represented by 25C
occurred at around 100 m or deeper, and the positions changed between Stations B-06
and B-10 in the North Region and between Stations B-23 and B-28 in thé South Region.
Along Line-3, the mixing layer is thin reaching from sea surface to 30 or 40 m, and
north-south thermal gradient was gentle (Figure 5-11). No mixing layer was found on
vertical profile along Line-E (Figure 5-12). Thermocline of isothen'n_s. of 20°C to 24_"C
that occurred betwgen Stations B-23 and B-24 was found at about 100 to 150 m depth
on the west side of Station B-23, while 50 to 75 m on the east side of Station B-25. 'In
addition to difference of depth of thermocline, near-surface temperature was high in the
eastern waters but low in the western waters. Vertical mixing appeared to proceed in
temperature along Line-1 and vertically homogeneous mixing layer was already formed.
On the other hand, the satinity profile indicates the presence of low saline waters around
Stations B-13 and B-16 on Line-1 resulting in a large salinity slope of 1.9 between
Stations B-13 and B-10,
< Oceanographic conditions in the late phase are featured by a thick mixing fayer of
about 100 m in the coastal waters represented by Line-1 and thin mixing layer in the
offshore waters represented by Line-3.
< North-south thermal gradient was steep in a deep layer about 100 m from the sea
surface at both northern and southern ends of Line-1. Along Line-3, the thermal
gradient was gentle.
< Low saline water occurred near the sea surface between Stations B-13 and B-16
located between Qui Nhon and Nha Trang, along Line-1, and at Station B-21 along
Line-3. Throughout the northeastern monsoon season, the mixing layer develobed
quickly, especially in the waters near the continent.
Wide extension of low satine water in the surface layer of the coastal side
on the Line-1, from Da Nang to Nha Trang, indicates the influence of rainfall in the

central and southern Vietnam.  As a matter of fact, average precipitation for five years
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from 1291 to 1995 shows rise of rain fall in October and November in the vicinity of Da
Nang, Qui Nhon and Nha Trang (Figure 5-13). In other words, the area under survey is
featured by decline of salinity in the surface layer due to heavy rain fall in the Central and

South Regions, accompanied with wide horizontal variation of salinity.

(b) Southwest monsoon season

‘ The‘slecond and fourth surveys were executed in almost identical periods,
May and June, of 1996 and 1997. Along Line-1 the thermal gradient showed drastic
change between Stations B-10 and B-19, where tow temperature ¢levated from mid layer
to 10 m depth fig 5-13 (Figure 5-14). A similar vertical profile was found regarding
salinity, Temperature was found low at the sea surface around Stations B-10 and B-19,
and the salinity seems higher there than in the other part.

North-south thermal gradient was not found and thermocline kept almost
constant depth and thickness along Line-2 and 3 (Figures 5-15 and 5-16). Mixing layer
found there were very thin, only 20 m below the sea surface. Along the parallels, surface
temperature tends to lower in the vicinity of Station B-23 on Line-E (Figure 5-19).
Low salinity found at Station B-26 along Line-F is surmised to represent the influence of
fresh water from the Mekong River (Figure 5-20).

Position of the thermocline changed remarkably on the parallel, and
temperature seems to rise eastward (Figure 5-17 and 5-18). There appeared cold water
in the vicinity of Stations B-11 on Line-A, B-16 and B-17 on Line-C, and B-22 on Line-
E. East-west gradient was gentle for salinity, and salinity did not show steep east-west
gradient found in distribution of temperature.

During the fourth cruise, thermocline and halocline, represented by 25°C
and 33.8, stayed at almost constant depth between Stations B-06 and B-16 along Line-1
(Figure 5-21). However, depth of thermocline and halocline showed significantly
between Stations B-16 and B-19, and also between Stations B-23 and B-28 along the
same line. Temperature and salinity showed steep gradient between Stations B-17 and
B-20 along Line+2, indicating existence of oceanographic north-south homogeneity

(Figure 5-22). A similar oceanograpiic structure was found also on Line-3, with steep
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gradient between Stations B-21 and B-25 (Figure 5-23). Mixing layer did not appear
along Line-1, or limited south of Station B-20 on Line-2. Along Line-ﬁ; the mixing
layer existed keeping the thickness almost constant between Stations B-12 and B-25,
then increased the thickness southward. Vénical profiles along Line-A, C and E indicate
that both thermoctine and halocline tended to be shallow westward and deep eastward
(Figures 5- 24 to 26). Mixing layer found on Line-D reached to the deepest layer at the
Station B-20, and became shallower on both east and west sides. Low temperature and
high salinity were found in the vicinity of Stations B-16, B-23 and B-17. In general, at
deep layer the temperature is lower, and the salinity is higher than those at surrounding
stations. This indicates existence of up-welling around the area in question.
Exaﬁﬁnation of data at sub-surface layer of 10 m depth indicates the low
temperature and high salinity in the waters off north of Da Nang and Nha Trang in both
1996 and 1997 (Figures 5-27 and 5-28). Some oceanographic features differed between
the same seasons of different years. Water mass of fow temperature and high salinity was
found off Phan Thiet at the 4th survey, but not at all at the 2nd éurvey. Existence of
water mass with low temperature and high salinity found on horizontal distribution seems
to be brought due to existence of up-welling. Horizontal isotherm contours appear close
each other around the above cold areas. On the other hand, ischaline contours are
widely spaced everywhere except in the vicinity of estuary of the Mekong River. Thus,
temperature is a usefu! indicator to understand horizontal changes in the oceanographic
conditions.
< During the southwest monsoon season, vertical profiles of temperature and salinity
closely resemble with each other.
< Honzontal change is significant for temperature, but of only slightly effected on
satinity. Both vertical profile and horizontal distribution of temperature and salinity
indicate features inherent 10 the up-welling.

¢ Such features appeared at both 2nd and 4th surveys in the waters north of Da Nang
and off Nha Trang.
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(¢) Concluding remarks of analysis of temperature and salinity data
(DUp-weling

Data for temperature and satinity were taken during four cruises which
covered twice each southwest and northeast monsoon seasons. Examination of the data

presents several oceanographic findings.  First of all, the analysis indicates existence of

up-welling in the southwest monsoon season. At the aim to show the up-welling more -

clearly, the "anomaly" was calculated at each station from an average of four
measurements (Figures 5-29A to 5-29C). Tentative values of the present feport may still
provide some idea on the oceanography in this area. As already described in section 5-1,
further oceanographic surveys are required for more accurate evaluation of the anomalies
in order to assure precise discussion on changes of the environmental conditions of the
valuable fish resources. In these figures, the anomalies were given at the intervals of
0.5°C for temperature, and of 0.2 for salinity, and expressed by solid and dashed lines
for positive and negative values, respectively.

During the early northeast monsoon season represented by data taken
during the 3rd survey, this anomaly was as high as +2.5°C in the waters off north of Da
Nang to off Phan Thict Absolute values found in the other sea areas were limited
between 0°C to 1.0°C. In the exceptionally warm area, there appeared low satine
waters suggesting the influence of rainfall. Thermal anomaly in the southwest monsoon
season covered by the 2nd and 4th surveys shows the existence of cold area off north of
Da Nang and Nha Trang, where saline anomalies were positive. Positions of negative
thermal anomalies and positive saline anomalies coincide with each other in the seasons
of both 1996 and 1997. It is likely that up-welling has existed throughout the two

cruise periods in the waters from north Da Nang to Phan Thiet.

@ Seasonal and year-to-year changes of thermocline

A vertical boundary of two water masses appears as discontiﬁuity layers
for several environmental factors, e. g. thermocline of temperature and halocline of
salinity. In sea areas with extensive seasonal changes of climate, thermoclines occur due

to heating and cooling of water, and haloclines represent change of specific gravity



related to evaporation and precipitation, and the convective mixing layer even reaches
down to 100-200m below the sea surface. The upper part characterized bﬁ such seasonal
changes of oceanographic factors is called the seasonal zone against the non-seasonal
zone where these abiotic factors stay within a limited range throughout the year.

Figure 5-30 shows the thermocline determined by vertical distribution of
temperature and salinity measured at ocearographic stations covered by eac_h'of the first
through fourth survey cruise. For reference, the depth of salinity contour of 34.0is given
in figure 5-31. Numerals for the missing stations are interpolated by the values found at
the neighbor stations covered in the same cruise, and shown by parentheses in the
attached tables. The depth of sea bottom is substituted at each station where the

discontinuity layer was not identified due to development of a mixing zone.

(i) Late phase of northeastern monsoon season (November and December 1995)

No thermocline was observed in the coastal water shallower than 100m
during the survey period when homogeneous water mass covered the whole depth range
of the sea surface to the sea bottdm. The overal! average depth in the whole survey
area was 76 m, the deepest value among the figures found in the four survey cruises.
Extensive convection due to cooling of waters appears to have formed a single vertically
homogeneous water mass from the sea surface to sea bottom in the coastal area
shallower than 100 m. Therrndclines at the same latitude tend to be shallower in the
offshore waters than those in the coastal zones, seemingly reflecting intrusion of the
offshore water masses
expanding toward the coast

(i ) Southwestern monsoon season (May and June 1596) |

Thermoclines found in the southwestern monsoon season appear to have
been formed by the following procedure. The mild southwestern wind and rise of
atmospheric temperature warmed the sea surface, then the mixing layer found in the
northeastern monsoon season was replaced rapidly by the stratified layer, énd so the
thermocline shifted upward to 10 m - 30 m.  Figure 5-30 indicates that the thermocline

moved toward the sea surface over the whole survey area.
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(iii ) Early phase of northeastern monsoon season (September and October 1996}

The ihird survey was conducted about three months after the preceding
cruise in the southwestern monsoon season. In the survey area, the northeastern
monsoon began blowing, thus the prevailing northeastern wind and cooling of the surface:
water were‘resuited in the formation of a convection layer and so the thermocline was
lowered by about 30 m on average in the whole survey area. The discontinuity layer was
located at 50 m - 80 m depth in the South Region. On average over the whole survey
area, thermoclines were about 25 m shallower in the season under discussion than in the

late phase of northeastern monsoon of 1995,

(iv ) Southwestern monsoon season (May and June 1997) |
The fourth cruise covered the area about six months after the third cruise
in the northeastern monsoon season, %md about one year after the second cruise in the
southwestern monsoon season. Distribution of thermocline was found to be remarkably
different from that observed in the same months of the preceding year, thus dis@!osing
considerable year-to-year variation of the oceanographic condition. Especially, the
thermocline in the South Region appears to have been retained since late phase of
northeastern monsoon season of the preceding year. The discrepancy between the two
years was also found in the vertical distribution of salinity contour of 34.0. The findings
indicate the possibility of remarkable variability among oceanographic structures
represented by distribution of water masses due to year-to-year changes of
meteorological conditions and adjacent water masses during the transitional period.
These findings summarized abave indicate remarkable seasonal variation
of oceanographic conditions, and considerable difference between year even in the same
seasons. The oceanographic structure of water masses are determined by not only
seasonal change of climate but also year-to-year variation of meteorological factors and
oceanic currents in the offshore areas. Clarification of the distribution and movement of
water masses and factors determining their formation are essential for the development
of fisheries resource in the Vietnamese waters. It is necessary to accumulate

oceanographic data through successive surveys.



(3) Horizontal distribution of apparent currents

Subsurface currents were identifled on the basis of measurements by the
Doppler's current meter. - However, the data were collected during a long period
extending over one and half months. In other words, each measure was obtained at
different times, duration of which reaches to one and half-months at maximum, and it is
possible to result in misunderstanding of the actual current pattems due to above-
mentioned time lag.

In November during the first cruise, intensive southward currents were
found to be driven by the northeast monsoon that developed along the coast of Vietnam,
Another strong eastward current was identified on a line represented by 111" 30°E.
Thete appeared currents of diverse directions including such movements toward the
continent and northward in December.

The readings in May 1996 during the second ceuise, indicated strong
westward currents around Station B-14, which were already acknowledged in the
NAGA Report.  Other remarkable movements were a northwestward current in the
vicinity of Station B-35, and northeastward current around Stations B-32 and B-33.
Furthermore, there was some southward movement in this month, making the current
patterns complicated. In June northward current appeared in the North Region,
probably driven by the southwest monsoon. However, there still remained movements
toward the coast and the south. Most readings in September of the third cruise showed
only small velocity, except for significant northwestward current near 111°30°E.  The
NAGA Report also noted that the oceanic currents are fading.  The present survey also
clarified that the southward current driven by the monsoon was weak. The monsoon
became strong in October, and southward currents were developed, including such
strong flow exceeding 160 cm/sec near the coast, developed suggesting considerable
influence of the northeast monsoon. '

In May 1997, under the fourth survey, the cumrent patterns were
complicated and did not coincide with findings of consistent west-ward movement in the
second survey. The southwest monsoon showed strong influence toward the sea,

resulting in intensive northward current off the coast of Vietnam in June.



{4) Zooplankton

Generally copepods constituted the major portion of Zooplankton samples
during the late phase of the northeast monsoon season of the first cruise (Figure 5-32).
The dominating copepods were most abundant in the North Region,  Nevertheless, the
abundance was less compared to other seasons, and exceeded 7,000 individual per m’,
only at Stations B-01 and B-11 (Appendix table 7 to 15). Zooplankoton appeared most
frequently in the Central Region, .and also in the coastal and shallow waters in the early
phase of the northeastern monsoon season, surveyed in 1996.  Again copepods were
dominant and more numerous in this phase rather than in the late phase (Figure 5-36).

In the southwest monsoon seasons of 1996 and 1997, zooplankton were
found less in the South Region than in the Central and North Regions, especially in the
vicinity of the mouth of the Mekong River, and in the shallow waters along Qui Nhon to
Nha Trang (Figures 5- 34 and 38). In addition to copepods comprising major portion
of samples at most stations, Ostracoda, Chaetognatha and Tunicata were frequently
taken, replacing copepods that were found in reduced numbers at Station B-05 in both

the second and fourth surveys.

(5) Phytoplankton

There appeared many species of phytoplankton of Bacillariacea and
Dinoflagellata (Appendix table 16 to 22).

During the early phase of the northeast monsocon season in the third
survey period, Bacillariacea constituted the major portion of samples taken in the
North Region, but Dinoflagellata often exceeded the other in abundance in the shallow
waters of the North Region and in the offshore waters of the South Region. Number
of individuals was least in the waters between Lat. 13" N and 16" N (Figure §-37).

Two surveys executed in the southwest monsoon seasons indicated
change of species composition between years. Dinoflagelata was comparatively least
at all stations in the second cruise (Figure 6-36), but portion of Dinoflagellata rose at

Stations B-12,18,19 and B-33 in the fourth ¢ruise (Figure 5-39).
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5-2. Species composition of catches
(1) New findings on distribution of fishes

The catch of 95 test fishing operations of drift gilinets during the four research
cruises cbnsisted of fishes of 102 species of 33 fanﬁlies, and cephalopods of 3 species,
each coming from different families. In addition, five species of dolphins (mammals) and
three species of turtles were captured incidentally. A brown boody is the only sea bird
taken during the research cruises (Table 5-3 & Table 5-4).

One of the significant biological ﬁndingé is new records of many species in the
Vietnamese waters, compared to the Check List of Marine Fishes on the Southeast
Asian Region issued by the Southeast Asian Fisheries Development Center (hereinafter
referred to as SEAFDEC) in 1996. To the right of the columns of Table 5-3 & 4, white
and black circles indicate the presence and absence in the check list, respectively, for the
whole South Asian waters and Vietnamese waters. Black circles, or new records count
21 species in the whole Southeast Asian waters, and 21 additional species in the
Vietnamese waters. In other words, the existence of 42 species or slightly over two fifth
of the 99 identified species were first confirmed in the Vietnamese waters. Taxonomy is
not of primary interest to the present research, and further study is desirable in regard to
assure the identification and scientific names. Appendix 3 shows description of species

which occurtence were newly observed in Vietnamese waters.

(2) Definition of major species

Figure 5-40 & 5-41 indicate the catch composition of families of fishes and
cephalopods in decreasing order of either, in terms of number of individual animals
(Figure 5-40), or in terms of weight (Figure 5-41). The dominating five families in
number are Scombridae, Coryphaenidae, Bramidae, Ommastrephidae and Carangidae,
comprising 86 % of total catch. In term of weight, the heaviest catches are from
Scombridae, Myliobatidae, Istiophoridae, Coryphaenidae and Bramidae, covering 89 %
of the total. Large-sized species were upper rank in weight, though only few individuals
appeared in the catch and only occasionally. Three families, Scombridae, Coryphanidae

and Bramidae, appeared in the most abundant five in both number and weight,



comprising 74 % of total catch in number, and 48 % in weight.

Similarly, species of fishes and cephalopods were ranked in decreasing order of
number and weight of catch (Table 5-5 & 5-6). In total 14 species entered into the most
abundant 25 in both terms, and are listed, in the order of classification code given in
Table 5-3 & 5-4, as follows: Coryphaena hippurus, C. equiselis, Brama orchini, Lobotes
surinamensis, Auxis thazard, A. rochei, Buthynnus affinis, Katsuwonus pelamis,
Thunnus tonggol, T. albacares, T. obésus, Istiophorus platypterus, Aluterus monoceros
and Sthenoteuthis oualaniensis. In addition, four billfishes of Makaira indica, M. mazara,
Tetrapterus audas and Xiphias gladius represent major catch in weight if not in number,

and are added to 18 major species.



Table 5-3. A list of species caught in the 1995 - 1997 sea-bome survey - 1.
Presence O and Absence @ in the check list of marine fishes of SEAFDEC (1996),
Presence of the genus A and Presence acknowledged by RIMP (1997 .Dec.) O

No. T ¢ Latin Name Code | -~ Common Name SE. ASIA|VIETHAM
1]|Stegostoma Tasctetnm (Hermann) ST [rebre vhark O | O
r 2|Pseudocarcharias kenoharai (Matsubera) 41]crocodite shark Q 3
- 3]Galeocarde cuvier (Perdo et Le Sueur) 1051 [tiger shark -0 Q
4|Prionace gaucs Linneeus -1062| blue shark ]
5|Carchehinus sorrah (Valencienmes) 1074]spot-tet shark 0 [m]
8| Carcharhinus brevipinna _(Mulier et Henle) 1083 spiner shark - 0 [ ]
i|Carcharhinus falciformis {Bibron) 1092]silley shark [a ) (o
B[Sphyima_tewind (Grifith ¢ Smith) 1102[scalloped_hammerhesd shark 6) 0
Nisistius brasiientis (Quoy &t Gamard) 1194] black sh I ) [ ]
10]Manta birostis (Donndorth 1521 [manta ray Q ® -
Mobula japonica (Muller et Henle) 116221 devit ray [e) [ ]
Chirooentrus doreb (Foraskal) 2{031dorab wolfl heming [o) _ O
3|Saurida 5P 309Ciizardfish - A A
4|Diaphus gigss Gilbert 3384]brigttnose headiighthish 9 | @
5|Disphus wolssel Jordan et Starks 3393 headlight fish, lanternfish [¢) ® -
6|Exocoetus voltans_Linnneus 42011 cosmopolitan fiyingfish g_v : 8
{[Parsexocoetus £ 4210[saitfin_fhingfish :
[ Cypeelurus sp. L 4230/ (cosst Rying fish) - - [y A
)|Cypselurus etrisipgnis (Jenhm) 4233 ] greater spotted fyingiuh O (@]
20[Cypseluriss poecilopternis (Valenciennes) 4234[yellowhn flyinghish (9] (4]
21]Cypselunss cysnopterus (Valenciennes) 4242[margined Ryingfish ; 9
22|Cypeelirus spilonotoptens (Blosker) "1 4243]{coset fiying fish) o | ¢
23| Cypseluriss unicolor (Valenciennes) 4953 [bigeye fiynglsh e | o
24| Cypseturus Ion;l]:_g_lﬁm {Parin) 425—1500631 flying fsh) g [*IE
5| Cypselurus nuresu {Gunther) - 4264)Uchida’s _flyinghish []
: 26| Ablennes hiars (!alenclemes) 42811t neediefish el @
I,‘ 1| Tylosurue sous melanotus - (Bloeker) : 4293 |blackfin needlefish [ X 9
8| Therapon _jarbua (F orss akal) 6451 [crescent perch QO [« 3N
29]Priacanthus macracanthus Cuvier £533|largs—spined big-eye Q [¢]
30{Rachycentren canadum (Linnaeus) 6891 [king fish Q Q
31iParsstromateus nigsr Bloch) - 6301 [black pomfret QO 9
32|Elagatis bipinnulsta {Guoy et Gaimard) 6902]rainbow runner 8 8
33[Naocrates ductor (Linneeus) 311 |pilot fish -
34| Serioling tigrofascista (Ruppell) §912|black band anberiack O [a]
35)Scomberoides commersonnianus Lacepede §320]tafang queenfish (0] i g
36| Seriola rivoliana Valericiennes 6921]almaco jack - - ' :
37|Scomberoides lysan Forsskal) - 6923|double dotted queenfish Q Q
38| Scombervudes tol (Cuvier) 6924 [leatherskin queenfish 0 | O
39]Trachinotus balionii {Lacepede) §931 [black-—spotted dart 9 K ]
40|Megalaspis s {Linnseus) 6534]hardtail sced ° [@) (]
41|Decaptens russeli {(Ruppeli) . §941[slender scad [ o]
47|Decapterus mecrosoma Bleeker £942|!ayang scad o] [w
43|Decapterus marundsi (Temminck et Schlegel 6952[yellow tail rounded scad Q Lt
44|Decapterus akaadsi Abe £353red-tail scad @ | @& ;
45]Sefar crumenophthalmus (Bloch) 5363bigeye scod Q O
46]Atule mata (Cuvier) 891 [slender—scaled scad [®] e
T7|Abectis ciliers (Bloch) 699 [thre adfish trevally 0 0
48 [Uresprs helvola (Forster) 1002 iwhitemouth kingfish Q O
49|Coarangoides ferdau (Forsskal) 7031 | blue trevally O [w]
50[Carangoides orthogrammus (Jordan et Gilbert) T032yellow—spotied crevalle @ ®
I 51|Coryphaena hippuns Linnasus 1061 |common dolphinfish [« (o)
= 52|Coryphaena equiselis Linnaeus 062]pompano dolphinfish Q & |
53[Mene macuista (Bloch et Schneider) 7063| moon—fish [« 0
54{Brams orcini Cuvier 1122]bigtooth pomfret Q [ ]
55]Lobotes surinamensis (Bloch) 7311]tripletad 8 [
56]Kyphosus vapensis (Quoy et Gaimard) 7722[bass seachub A




Table 5-4. A list of species caught in the 1995 « 1997 sea-bome survey - 2.
Presence O and Absence @ in the check list of marine fishes of SEAFDEC (1996).
Presence of the genus A and Presence acknowledged by RIMP (1997.Dec.) O

Ne. Labn Nama | Goda | ... Common Neme SE. ASIA]VETNAM
(57 Pseudocdhunchthn $p- 9930]variegated dragonet E F
58[Nao brevirostris (Valenciennes) 112211spotted unicomfish
58]Lepidocyblum favobrunneumn (Smith) 11361 |escolar [ %__
60]Ruvetius pretiosus Cocco 11362]oilfish % '
61|Gempylus serpens Cuvier 1312 [sneke mackerels ®
62|Promethichthys prometheus (Cuvier} 11375]snake-mackere!, bermuda catfish g [ K
E3[Rastrelliger kansgurts {Cuvier) 431 [chub mackerel %
64 Scombeﬁ?mal;';ﬂct‘s Cuvier 442]otve mackerel (]
65[ALeds thazard (Lacepede) 443]irigate tuna’ [o] Q
66]ALnds rochel (Risso) - 444]bullet tuna [] Q
61|Sarda orentalis Q!emmnck et ScHegel} 451 |striped bonito . Q QO
5B Euthynnus. affinis (Cantor) 11453 [eastem litthe tuna O Q-
6| Katsuwonus pelamis (Linnaeus) 11454 Tskipjack tuna o] e)
0] Thunnus ton, lecker) 11463 |longt sl tuns - 0 %__
T Thunrus atbacares (Bonnaterre) 114 H Jyetowfin tuns A+ I
7 Thurnws obesus (Lowe) 11472 [bigeye tuna Q 8
72 Acanthecybium_solandri (Cuvier) 473 whoo ’ _Q :
14} Scomberomonss commerson (Lacepede) 11482]narrow-barred king mackerel : 8 [a]
15{ktiophorus platypterus (Shaw et Nodder) 11491} indo—Pacific sailfich Q
76 |Makairs indics [Cuvier) 11492{black madin_ (¢} (@]
77 |Makaira imazera (Jordan et Snyder) 11493 biue mardin 8] 9 -
18| Tetrapterus _sudax (Philippi) 454 striped mardin__ (o] :
19| Cphiss gladius Linniseus 502 broadbili_gwordfish 0 [¢]
80{Psencs arafurensis Gunther : 532 Arafura eyebrow—fish 0O
81]Psenes maculatus Luthen - 1533 (blue eyebrowfish) [ ] 3
2[Psenes cyanophrys Valenciennes 1541|black driftfish Q g
83iCubiceps squamiceps (Lloyd) 542]chunky fathead ®
84]Cubiceps pauciradistue Gurther 11543 [ (chunky {aibcad) Q [ ]
85[Cubiceps baxierd McCulloch 11551 [defthsh (o] [ ]
86[Nomeus_groncvii_(Ginelin) 1552 man—of-war fsh ] [ K
81|Anomme indica (Day} 1561 Jindian doift fish Q [ ]
83 |Remorina albescens (Temminck et Schiegel 11581 [white remona [ ] N
85|Echenels nacrates Linnseus 11552]shark sucker [« [6)
90|Remora remors (Linnaeus) 11592|remora j [ ] [ ]
1|Mefichthys vidua (Solender) 11953 pmkl.ﬂ__ﬁMsh 3 ) @
}2|Ganthidermis macufata (Bloch) 12041 ocean triggerfsh O Q-
93[Altens monooeros (Linnaeus) : 12071 {unicern leatherjacket - [v] (o]
94[Alterus seriptus (Osbeck) - 12072 [leatheriackst Q Q -
951 agocephalus sp. 12320 |wihste-tal blowhish A A
B6]L agocephalus Iugucephdus oceanicus Jordan ¢t FoMc 12321 |spotted smocth-backed blowfhish [ 9
b iDiedon holocanthus Linnseus 12341 [frecKed ballonfish Q Q-
68[Dioden eydowd Brissout st Barneville 12353 |{porcupine fish % [
95!Diodon hystrix Linnaeus 12354 (poroupine fish, 6
100{ Sthenoteuthis ouslaniensis Lesson 21158]Aying squid
101} Thysanoteuthis rhombus Troschel 21199] disnondback squd
102} Tremoctopus violeceus Delle Chisje 31222|(octopus)
103 Globicephala macrorhynchus Gray 41148] shori-finned pilot whale
104{Stenells coenulecalbus (Mayen) 41178]striped dolphin
105|Stenella Yongrostris 41182[long-snouted spinner dolphin
106]Stenella attenuats 41184 pantropical spotted doiphin
| 107]Lagerodelphis hosei (Fraser) 41208 Fraser’s dolphin
O8[Chelonica mydas 51522 green turtle
09]Eretmochelys imbricata Linnacus 51523 [kawkbill turtle
110[Lepidochelys olivacea Eschscholtz 51524 ogzer—head turtle
113{Sula leucogsster 61749]brown booby
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Figure 5-40. Composition of catch number of fish and cephalopod classified to families.
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Figure 5-41. Composition of catch weight of fish and cephalopod classified to families.
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Table 5-5. Species order of catch in number during sea-borne survey, 1995 - 1997.

. st crulse  2nd crulse  3rd cruise  {th cruise § - ]
Order] Species Name Code | ssn12 9.5 ; % 9-19 w.sfsé 3 Tctala8
| Lduris rochei 444 2
2 VBrema orcint 07122 5 27 397 151 631
3 wxis thazard 443 2 2 242 9] G50
| Katsumworius pelomis 454 ] 4 1 652
5 lConphaena Aippurus 0706 2 i 35 218 634
Sthenoteurhis oualaniensis 2158 ! 1 144 163 392
1 _Udluterus monoceros 1 . 3 .2 3
8 VLodores surinamensis l]i‘b 48 :';E ; iﬁi
S \7Runrus tongeol 464
0 _lConnhaena equicelis 07057 3 33 63 09]
| 7unnas gbesus 472 | 5 4 59 79
2| Euthynnus affinis 1453 b 30 26 2
3 _|Préacanthus macracanthus (6533 2 5 24 46
Iticphorus platypterus 11491 0 2 g 44
g Carangoldes orthosramms l]) 5; 5 35 24 4
Cubiceps squamiceps K 3
T 1Selar crumencphihalms 06963 5 11 10 26
3 _|Scamber austrolasicus 44¢ 3 3 25
3| Cubiceps pouciradiatus 543 3 22 25
20 | Seriola riveliana 069: 13 4 23
21 | Psenes cvanophrys 54 4 201
22 1 7huwnnus alpocares 47 1 | 91
2] 2 Aysirly ed 18 9§
24 | Canthidermis maculota 204 : 15 i
20 _VDindon eydosuril 2353 ; i ] 7
Table 5-6. Species order of catch in weight during sea-borne survey, 1995 - 1997,
o] st cruise  2nd erulse  3rd erufse  {th crulse . :
Order Species Name Code | ssa-12 .55 %6910 9.56 Total
V  VKatsuwonus pelemis 11454 |- 12,20 518.76 537.25 709, 70] 1711. 9}
2 WMobula japonics 01522 593.00 . 371.00 225. 00 89. 00}
3 VCoryphaena Ainpurus (7061 4. 10 218.60 254,87 207.471 725. 04}
4 V¥anzg birostris pI521 | 78. 00 450. 00 28. 00
S  Uduvis theeard 443 1.35 54.01 - 240.40 227.45] 623,21
6 |Makaira mazara 4493 365.00 177,80 B 542. 80
1| smviophorus platyprerus 4 249. 50 30. 10 126.75]  506.35
3 _|Makarra indica 492 85.00 756.0 35100
9 Wewis rocker 44 - 58.08 - 14.28 166. 891 239.25
8 Brama orcini 07122 1. 70 45.48  128.68 3R %] 21404
Loboles surinamensis 0731 . 5% 3. 10 57. 6 41500 192.5
2_|Fetrepterus ondax 49/ R YIN 7.0
3 | Sthenorauthis cuslaniensis 2119 3.95 36. 91 56. 0 7. 53 87. 3
1 _ttunnus atboceres i7 2.60 67. 46 5. 3¢ 85.35
S |Prionace plouca 01052 73. 00 1 13.00
6 1 unnus rongeol 11463 36. 40 30. 15 £6. 53
T VEuwthyrmns affinis 11453 5. 24 31.00 7.42 : b6
8 Corcharhinas foleiformis 01092 6. 08 21.9 4.85 52. 83
Y |conosaens equisetis 07062 b. 33 18 15 23.65 48. 13
20 _|sohyrna lewing 01102 45.00] - 45.00
21V 7hunnis obesus 11472 1. &80 . (10 9. 00 25. 75 42. 55
22 _YCarcharkinus brevipinna 01083 . 80 32.00 32. 80
23 Vtiuterus monoceros 2071 0. 40 1. 90 23. 0. 23 sl 51
28 Lyenhiar giadius 1502 24.00 24. 00
25 [Galeocerdo cunier 01051 23. 06 23. 00




oy

5-3 Relative Abundance of Major Species
5-3-1 CPUE of major species

General feature of the results of test fishing, mainly CPUE defined in Chapter 3
of major species, during the 2nd, 3rd and 4th cruises is set out. CPUE is expressed in

number of individuals, except in the intreductory part where the figure is also given in

weight.

(1) The second sea-borne survey ( 5~6 /1996, SW monsoon season )

Catch at 32 test operations consisted of 71 species which comprised 1,895 of
total CPUE in number and 2,902 of that in weight , except incidentally taken non target
animals. Table 5-7 and Figure 5-42 show CPUE of the major species given in catch

during 2nd survey, in terms of both number and weight, per 100 tans of 5-mesh size

nets,

Table 5-7 Total CPUE, in terms of number and weight , of major species

and other selected species taken during the 2nd survey, May and June 1996

. I Ceatch
Scientific name . English name olal CPUE 1o number [Toial CPUE Tn weight
Coryphaena hippurus Common dofphinfish 506 437
Sthenoreuthis ouclaniensis Flying squid 268 127
[Auxis rochel Bullet mackerel 236 12
Brama orcini Bigteoth pomfret (£33 61
Katsuwonus pelamis Skipjack tuna 135 448
Auxis thazard Frigate mackerel 116 140
Loboles surinamensis Triple tail 54 33
Coryphaena equiselis Pomoanc dolphinfish 41 12
Thunnus obesus Bigeye tuna - 21 T
Istiophorus plaiypterus Sail fish’ 11 244
Esthynnus affinis Easter little tuna 7 14
M akaira mazara Blue marlin [ 314
M akalra indica Black marlin 4 64
4 luterus monaceroy Unicorn leatherjacket 4 2
Thunnus albacares Yellowfin tuna 1 g
[hunnus tonggol Longlailtuns - -
Telrapterus audax Striped marlin — -
[Xiphior gladins Broadbill swordlish — -
Total 1596 2040

Common dolphinfish was the most dominating species in terms of number, at
506. Other significant species, in decreasing order, were flying squid, bullet mackerel,
bigtooth pomfiet, skipkipjack tuna, frigate mackerel, all represented by more than 100.
In terms of weight, skipjack tuna was most 'abundanl, followed by common dolphinfish,
blue marlin, sail fish frigate, mackerel, flying squid, each being heavier than 100 in

combined mass. Triple tail, bullet mackerel, black marlin and bigtooth pomfret occupied



a significant share, though did not reach to 100. In the southwestern monisoon season,
common dolphinfish, flying squid, butlet mackerel, biglooth pomfret, skipjack tuna and

frigate mackerel represented the most abundant group both in number and in weight.

" SW monsoon Season (1996.5-6)

I
Corypbiama hippervs

Sthenotavthit cvalenionain ﬁ-—r—'
Axvie coche! _ l 3

Brama oreini

Ketsawonas pelamie

tobotes surinamensie
Corypbasns 'p.m"-ﬁ'
Thuanes vhownn
fatiophorur platypierva
Futhynons alMinin
Nokaka uerare
Melsice imdica §
Alutecws monecacon |
Thusnos nacares
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Tots] CPUE iz number.
Total CPUE in weight

Figure 3-42 Tola]l CPUE, in terms of number and weight, of major apecies
and other selected species laken during the 2nd survey, May and June 1956

(2) The third sea-borne survey ( 9~10 /1996, NW monsoon season ) ‘

Total catch of 29 test operations consisted of 1,912 of CPUE in aumber and
3,134 in weight of 63 targeted species. Table 5-8 and Figure 5-43 show CPUE of the
major species given in catch during 3rd survey, in terms of both number and weight, per
100 tans of 5-mesh size nets.

In terms of number, bigtooth pomfret was the dominant species, represented by
422. Other species exceeding 100 were common dolphinfish, frigate mackerel, skiﬁjack
tuna, flying squid and unicom leatherjacket. In terms of weight, catch of skipjack tuna,
565, was the heaviest, followed by common dolphinfish, black marlin, frigate mackerel,

tue marlin, bigtooth pomfret and sailfish, being each above 100.



Table 5-8 Total CPUB, in terms ofnumber and weight, of raajor specics

and other sclecled specics taken during the 3rd survey, Sept. and Oct. 1996

Figure 5-43 Totel CPUE, interms of number and weight, of major species

and other selected specics taken dusing the 3rd survey, Sept. snd Ot 1995

{3) The fourth sea-borne survey ( 5~6 /1997, SW monsoon season )

o Catch
_. Scientific name English name Total CPUE Tn number Teta] CPUE 1 weight
Brama orcini Bigtooth pombret 422 135
Coryphaena hippurus Common dolphinfish 259 KV}
uxis thazard - Frigate mackercl 234 231
alsuwonus pelamls Skipjack tuna 209 365
Sthenoteuthis oualanlentis Flying squid 153 [
A uterus monoceros Unicom leatherjacket 133 30
sixly rochel Bullet mackerel 58 14
bofes surinamensis Triple tail 43 ] 69
Thunnus torggol Longtail funs 39 35
Coryphaena equiselis Pomoano dolphinfish 35 20
[Ewthynnus affinis Easter little funa 29 30
Ustiophorus platypterus Sail fish 27 129
Thurnus albacares Yellowfin tuna 11 70
Makaira mazara Blue marlin 10 182
AMfakaira indica Black miarlin 3 268
Thunnus obesus Bigeye funa 4 10
Fetrapterus audox Striped martin - —
[Xiphtas gladus j Broadbill swordfish - —
Total 1650 2172
NE monscon season {(19%6.9-10)
et aroin! W I : T
Corypheens Hppurn
Ausie ihazocd W’
Katsuwpntos pelamiv
Sthasetavihle suefanlansh -
ANtervs mosoceres __H_'_'i
Awsk reake!
Cwdalar surinamennis
fhimnun tenpge!
Cuiyphadna agofraln -F'
Euthpnnes atfinia :
Intiopherve platrplecun =
fhunava eibacaces
Wokalre .lt!’-l-
Matalra Infica .
Fhunwus sbesva L
o 100 2090 300 409 £00 600
Tetal CPUE in numbey
Tetal CPUE ia weight
| M Totsl CPUE in weight DI Totel CPUE in number ) ]

Total catéh of 31 test operations consisted of 2,763 of CPUE in number and

2,926 in weight, for a total of 55 species. Table 5-9 and Figure 5-44 show CPUE of

the major species gifen in catch during the 4th survey, in terms of both number and

weight, per 100 tans of 5-mesh size nets.

In terms of number, bullet mackerel was again the most numerous species,



represented by 775, as in the second survey, followed by frigate mackerel, big eye funa,
more than 100 were taken for each. |

In terms of weight, the catch of skipjack tuna, 869, was the heaviest, followed
by frigate mackerel, common dolphinfish, striped marlin, bullet mackerel, and sailfish,

each being above 100,

Teble 5.9 Total CPUE, in terms of number and weight, of major species
and other selected species taken during the 4th survey, May and June 1957

Catch
Scientific name English'name Totsl CPUE in pumber |  Total CPUE in weight
Auxis rockel Hullst mackere! 775 220 |
Auxis thazard Frigato mackerel 335 396
Katsuwonus pelamis Skipjack funa 312 869
Coryphaena hippurus Common dolphiniish 286 276
Sthenoreuthis oualaniensis - § Flying squid 209 90
Brama orcini Bigtooth pomfret 116 29
Thunnus tonggal Longlail funa 112 48
Thunnus obesus Bigeye tuna 102 43
Coryphaena equiselis Pomoano dolphinfish 17 29
Lobotes surinamensis Triple tail 34 54
Euwthynnus affinls Easter tiftle funa 25 17
Thunnus albacarzs Yellowfin tuna 131 7
Istiophorus platypterus Sail fish 10 173
Tetrapterus audax Striped maslin 4 237
Aluterus monoceros Unicorn leatherjacket 2 [
Xiphias gladius Broadbill swordlish i 4
Mataira indica Black marlin - —
Makaira mazara Blue marlin — — B
Total 2461 2422 ] ‘—!;,.
5% aconsocon scason (1997 5-8)
A--m reckei - Y i l _
Agris tharard - ' ! |_|
Kalouwonya pelamis ! Y
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Erema orcini ﬁ
Thunzun tonggel
Fhunaun obrons =
Coryplkeans aquischs P
Labolas soricdmeniiv —;
Evibypanas 2{finiv
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Figure 5-44 Total CPUE interms of number ond weight, of major species
and other selected specics taken dusing the 4th survey, May and June 1937



(4) Seasonal change in abundance

If the second and third surveys could represent abundance in the southwestern
and northeastern monsoon seasons, respectively, no remarkable change of major species
was found between the two seasons, In terms of number, bullet mackerel at the first rank
in the southwestern monsoon season declined to the 7th rank in the northwestern
monsoon season, while unicorn leatherjacket rose from a very low ranking to 6th during
the same duration. In weight, the most abundant species were skipjack tuna, common
dolphinfish and frigate mackerel in both seasons. Except for billfishes, the 4th and 5th

ranks were taken by flying squid and bigtooth pomfret in both seasons.

" Catches in the northeastem monsoon season against that in the southwestern
monsoon season {NE:SW) were 422:185 for bigtooth pomfret, 295:506 for common
dolphinfish, 234:116 for frigate mackerel, 209:135 for skipjack tuna, 153:268 for flying
squid and 133:4 for unicorn leatherjacket in terms of number, and weight for the most
abundant six species, 135: 61 for bigtooth pomfret, 323:437 for common dolphinfish,
231:140 for frigate mackerel, 565:448 for skipjack tuna, 60:127 for flying squid and 30:
2 for unicorn leatherjacket. Four species out of six showed higher abundance in the
northeastern monsoon season than in the southwestern monsocn season, except for

common dolphinfish and flying squid.

6-3-2 Seasonal and year-to-year change of geographic distribution of relative
abundance (CPUE) of major species.

~ Data from two survey cruises in’ the southwestern monsoon seasons of May to
June 1996 and 1997 permit us o examine yeér-to-year change of CPUE in number of
major species in each one-fatitude-longitude-degree quadrangle in that season. The
season-to-season comparison was conducted with the data taken in same year, during
the 2nd survey cruise in southwestern monsoon season, and 3rd survey cruise in

northeastern monsoon season from September to October in 1996.



(1) Common dolphinfish (Coryphaena hippurus)

(D Southwestern monsoon season

Figure 5-45 compares CPUE in number of common dolphinfish in two

southwestern monsoon seasons of 1996 and 1997, The sum of CPUE in number over

the whole survey area was higher, 506 in 1996 than 286 in 1997, suggesting wide year-

to-year fluctuation in distribution of CPUE. The fish are distributed widely over the

whole survey area, but tend to aggregate in the coastal waters, especially in quadrangles

of Lat. 15 degrees N to 18 degree N in the
North Other

concentration are found off the Mekong

Region. arcas  of
Delta in the South Region, as well as

coastal waters of the Central Region.

@ Northeastern monsoon season

Figure 5-46 indicates CPUE in
number in the northwestern monsoon
season, 1996, CPUE are S0 in the North
Region, 140 in the Central Region and 69 in
the South Region. Taking it into account
that the test fishing was conducted at only
three quadrangles out of nine in the North
Region, and that CPUE might have been
underestimated for abundance of stocks

therein

CPUE 1n number
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Figure 545 CPUE in number of common dolphinfish
in SW monsoon season of 1996 and 1997.



(3 Difference between seasons.
CPUE in number of common
dolphinfish were illustrated for each
cruise and for cach quadrangle in
Figure 5-47. Comparison of CPUE
by quadrangle for each of three
cruise  cruises suggests that the
distdibution  pattern  resembles
between the 3rd and 4th surveys, but
not With the 2nd survey. The 2nd and
4th surveys in both southwestern
monsoon seasons show a wide

fluctuation in CPUE,

Commen dolphinfish
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150 F

CPUE in number 100 ¢

Speatly 1.
i . i i 1 i ]

From Sept 1o Oct in 1926

\ Paracel Islards
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Figure 546 CPUE in nur'nber of common dolphinfish
inNE monsoon scason of 19%6.
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Z-axis : CPUE in number in each quadrangles

Figure 5-47 Distribution of CPUE in number of common dolphinfish
by quadrangle in ¢ach of the three surveys of 1596 and 1697



(2) Pompane dolphinfish (Coryphaena equiselis)

(D Southwestern monsoon season

Combined CPUE in number of the fish taken at the 2nd and 4th surveys is

illustrated for each quadrangte in Figure 5-48. Total CPUE are 41 and 77 for the 2nd

and 4th cruises, respectively, while number of positive quadrangles is 7 in 1996 and 138

in 1997. These values imply that catch of less abundant species would change widely

from year to year. During the 2nd survey, pompano dolphinfish were taken in significant

number of 10 to 20 individuals in
entrance to the Gulf of Tongking, 17
degree N - 18 degree N, 108 degree E -
109 degree E, in the North Region, as
well as off Nha Trang, 11 degree N - 12
degree N, 109 degree E - 110 degree E,
in the Central Region. In spite of the
increase of positive quadrangles for the
4th survey, more than double the
preceding occasion, only one quadrangle,
9 degree N - 10 degree N, 109 degrec E -
110 degree E, showed a high CPUE over
10. In the twa surveys, pompano
dolphinfish were only seldom found in
some quadrangles such as 12 degree N -
14 degree N in the Central Region, and in
8 degree N - 9 degree N, 107 degree E -
112 degree E of the South Region. In
general, pompanc dolfinfish were found
tess than common dolphinfish in both
CPUE and distribution range within the

survey area.
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Figure 548 Distribution of CPUE in number of pompano
dolphinfish in SW monsoon scason of 1996 and 1997




@ Northeastern monsoon season

Figure 5-49 shows distribution of
CPUE in number in the northwestern
monsoon season, 1996, The sum of
CPUE over whole survey area is 36 ,
close to 41 that found in the 2nd cruise.
The fish occurred only in quadrangles
near the Guif of Tongking, 17 degree N -
18 degree N, 108 degree E - 109 degree
E, ih the North Region and in the other
limited quadrangles. CPUE is also very

low everywhere under survey.

(3@ Difference between seasons

CPUE in number of the fish were

illustrated for each cruise and for each

guadrangle in'Figure 5-50.
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Figure 5-49 Distribution of CPUE in number of pompano

dolphinfish in NE monsoon season of 19%6

Comparison of CPUE by quadrangle for each of three cruises suggests that the

distribution pattern has resemblance between the 3rd and 4th surveys, but not with the

2nd survey. Season-to-season change appears to be wider than year-to-year fluctuations.

Pempana delphinfinh

Figure 5-50 Distribution of CPUE in number of Pompano delphinfish
by quadrangle in each of the three surveys from 1996 to 1997,



(3) Bigtooth pomfret (Brama orcini)

(® Southwestern monsoon season |,

Figure 5-51 presents CPUE in number of bigtooth pomfret in each quadrangle

based on data from the 2nd and 4th cruises,

The sum of CPUE is 185 for 1996 and 116

for 1997. The fish appeared mainly in
quadrangles, 12 degree N - 15 degree
N, of the Central Region, 123 and 99,
respectively, and, in less number, 56
and 16, in quadrangles, 8 degree N - 11
degree N, of the South Region.

1t is likely that the major habitat
of bigtooth pomfret in the southwestern
in the

monsoon season is located

Central  Region, especially two
quadrangles of 14 degree N - 15 degree
N, 109 degree E - 111 degree E, where
CPUE in number was the highs; 45 in
1996 and 86 in 1997.

The fish did not appear near the
Gulf of Tongking in the North Region,
and near the Mekong Delta in the
South Region. It seems probable to
assume that the fish avoid low saline

waters derived from large rivers,
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Figure 5-5) Distnbution of CPUE in number of bigtooth

pomfret in SW monscon season of 1996 and 1997



@ Northeastern monsoon season

Figure 5-52 presents CPUE in number
of bigtooth pomfret in each quadrangle based
on data from the 3rd cruise. CPUE of

bigtooth pomfret based on data of the 31d | b = | From Sepl to Oct in 199

éurvey totaled 422 , as high as about three

Parael fslands

times of the figures in the southwest monsoon

season. The geographical range expanded

widely the Central and South Regions

excluding coastat part of the tatter. Ttisalso |

noted that significant CPUE in number, 57 was

found in the area of 11 degree N - 12 degree

N, 109 degree E - 112 degree E, where the

fish did not appear during the southwestern

monsoon season,

[ I TN I E— & 1 1
: 1os” 106" " [T " nat " 1
3 Difference between seasons. Figure 5-52 Distribution of CPUE in number of bigtooth
CPUE in number of the fish were pomfret in NE monsoon season of 1996

illustrated for each cruise and for eachquadrangle in Figure 5-53. Bigtooth pomfret
showed fairly clear seasonal change in geograpkic distribition, and in availability to drifi
gill nets, more vulnerable in the northwestern monsoon season than in the other. It is

also suggested that the fish seem to avoid the deep layer waters in addition to river

waters.
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Figure 5-53 Distribution of CPUE in number of bigtooth Pomfrel
by quadrangle in cach of the three surveys from 1996 to 1997.



(4) Triple tail (Lobotes surinamensis)

(D Southwestern monsoon season

Figure 5-54 presents CPUE in number in each quadrangle based on data from the

2nd and 4th cruises. The sum of CPUE
is 54 for 1996 and 34 for 1997. The
fish is widely distributed in the survey
area excluding coastal waters facing the
Gulf of Tongking, 16 degree N - 18
degree N, 107 degree E - 108 degrec E,
of the North Region and coastal
waters, 8 degree N - 11 degree N, 107
degree E - 109 degree E, of the South
Region. The sum of CPUE in the 2nd
and 4th surveys were 19 and 1 in the
North Region, 17 and 17 in the Central
Region, and 18 and 16 in the South
Region. The wide  year-to-year
difference reflects a single high value of
CPUE in number at a single station B-
06 (16 degree N - 17 degree N, 109
degree E - 110 degree E), where the
operation captured 18 of CPUE in

number in 1996,
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Figure 5-54 Dislribution of CPUE in number of tnple
tail in SW monsoon season of 1996 and 1997
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(2) Northeastern monsoon season

Figure 5-55 presents CPUE in number
of triple tail in each quadrangle based on data
from the 3rd cruise. Data taken during the
northeastern monsoon season indicates CPUE
58 of in number. The fish appeared more
frequently in the South Region with CPUE 34
of rather than in the Central Region, 18 and in

the North Region, 6.

@ Difference between seasons.

CPUE in number of Triple-tail were
illustrated for each cruise and for each
quadrangle in Figure 5-56. The fluctuation of
CPUE in the North Region year-to-year
appears to be wider than in other regions.
Except for the North Region, scason-to-

season change appears to be small.
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Figure 5-55 Distribution of CPUE in number of
triple tail in NE monsoon season of 1996

15 ¢

CPUE in nurﬁber 1of

Trihe tait /I

Figure 5-56 Distribution of CPUE in rumber of Triple tail
by quadrangle in each of the three sunveys from 1996 to 1997




(5) Frigate mackerel (Auxis thazard)
@ Southwestern monsaon season
Figure 5-57 presents CPUE in number in each quadrangle based on data from the
2nd and 4th cruises. The sum of total CPUE in number for 1997 is 385, lhreé times
higher than 116 for 1996. CPUE in number was low in the Central Region, 9 in the 2nd
survey and 3 in the 4th, compared to 72 in 1996 and 32 in 1997in the North Region and |
35 and 350 in respective surveys in the South Region. 1t is also noted that the ébundance

showed remarkable year to year variation in quadrangles of the two prolific regions.

Except for offshore waters, CPUElggeggmw

10 degree N - 11 degree N, 111
degree E - 112 degree E, in the
South Region, high concentrations

were found in the near coast areas.

The highest concentration

was found in the quadrangle 16

degree N - 17 degree N, 109 degree ¢
E - 110 degree E in the North Ji
Region during the 2nd survey, or 9 he
degree N - 10 degree N, 107 degree Lis

E - 108 degree E in the South L+
Region during the 4th survey. | e
Especially, the figure in the most _

prolific  quadrangle in 1997 ‘2_

comprises 90 % of the total. ;

In short, the fish are mainly 1

distributed in the coastal waters of 17

the North and South Regions in the L @ {F

southwestern monsoon season. oy T eR e e e "2.’_CPUE—

Figure 5-57 CPUE in number of frigate mackerel
in SW monsoon scason of 1996 and 1997



(® Northeastern monsoon season

Figure 5-38 presents CPUE in
number in each quadrangle based on data
of the 3rd survey that totaled 234,
Of them 222 occurred in the South
Region, and 10 in the North Region and
only 2 in the Central Region. In the
Central Region, the fish were taken in the

offshore quadrangle.

@ Difference between seasons,

CPUE in number of frigate
mackerel were illustrated for each cruise
and for each quadrangle in Figure 5-59.
It is noted that CPUE varied fairly
signiﬁcantly between years even in the

same southwestern monsoon season.
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Figure 5-58 CPUE in number of frigate mackerel

During the 3rd and 4th cruisesconducted in different monsoon seasons,

remarkably high values appeared in off shore waters represented by B-26 in the South

Region.

Frigats mackerel

250

200

150
CPUE in number

100

59

Figure 5-59 Distribution of CPUE in number of Frigate mackercl

by quadrangle in each three surveys from 1996 to 1997,
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(6) Bullet mackeret (Anxis rochei)
(D Southwestern monsoon season

Figure 5-60 presents CPUE in
number in each quadrangle based on
data from the 2nd and 4th cruises.
The sum of CPUE for 1997 is 775,
over 3 times higher than the value for
1996.

CPUE in number varies widely
from year to year, especially in
prolific regions as 113 during the 2nd
cruise and 266 during the 4th cruise
in the North Region and 27 and 370,
respectively, in the Central Region,
but les§ significantly in the South
Region as 96 in 1996 and 139 in
1997. The fish are mainly distributed
in the waters near the coast, and less
to the north of Lat. 16 degree N off

Da Nang.

@ Northeastern monsoon season
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Figure 5-60 CPUE in number of bullet mackerel
in SW monsoon season of 1996 and 1997

Figure 5-61 presents CPUE in number in each quadrangle based on data of the

3rd survey that totaled 58 individuals. The sums of CPUE in number by quadrangle were

1, 31 and 26 in the North, Central and South Regions, respectively. Only a single

quadrangle, 12 degree N - 13 degree N, 111 degree E - 112 degree E, of the Central

quadrangle represented 30 out of 31. The fish appeared over many quadrangles in the

South Region.




(@ Difference between seasons.

Figure 5-62 represents CPUE
in number of bullet mackerel for each
cruise and for each quadrangle, The
fish were more frequently taken in
the southwestern monsoon seasons
than in the other season, but the

CPUE showed fairly wide variation

between years.
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Figure 5-61 CPUE in number of bullet mackerel
in NE monscon scason of 1996
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Figure 5-62 Distribution of CPUE in number of Bullct mackerel
by quadrangle in cach of the three surveys from 1996 to 1997.




(7) Eastern little tuna (Euthynnus affinis)

@ Southwestern monsoon season

Figure 5-63 shows CPUE in number in each quadrangle based on the 2nd and

4th surveys. The fish did not appear at all in the Central Region. During the 2nd survey,

only a nominal catch was taken either
in offshore of the North Region, 16
degree N -17 degree N, 109 degree E
- 110 degree E, or in coastal waters
near the Mekong Delta, 9 degree N -
10 degree N, 107 degree E - 108
degree E, of the South Region.
During the 4th survey, the
fish appeared only in the area around
the Mekong Delta, 9 degree N - 10
degree N, 107 degree E - 108 degree
E, at a fairly high value of 20, Tt is
likely that the fish are distributed in
two general areas of offshore waters
in the North Region and the coastal
waters in the South Region, more

highly in the latter than in the former.

@ Northeastern monsoon season

CPUE in number

by
quadrangle is given in Figure 5-64
drawn on the basis on data of the

3rd survey.
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Figure 5-63 CPUE in number of eastem Jiftle tuna
in SW monsoon scason of 19956 and 1997

As seen in the Figure, the fish was dispersed over wide ranges including the

waters around the Gulf of Tongking, 17 degree N - 18 degree N, 107 degree E - 108

3]

—78




degree E, of the North Region, in
the offshore waters of the Central
Region and in both coastal and
offshore waters of the South

Region.

@ Difference between seasons.

Figure 5-65 represents

CPUE in number of bullet mackere!

for each cruise and for each

quadrangle. As pointed out in the

above examination, little tuna is

distributed in the coastal waters of

the South and North Regions

throughout the year, but found in -

the Central Region only in the
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Figure 5-64 CPUT in number of castem ittle tuna
in NE monsoon season of 1996,
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Figure 5-65 Distribution of CPUE in numbcr of Eastern litile tuna
by quadrangle in each of the threc surveys from 1996 10 1997.



(8) Skipjack tuna (Katsusvonus pelaniis)
(D Southwestern monsoon scason
Figure 5-66 shows CPUE in number in each quadrangle based on the 2nd and
4th susveys. The Sum of CPUF in number differ between the two years, 135 in 1996 and
312 in 1997. The corresponding regional values are 15 and 25 in the North Region, 50
and 111 in the Central Region, and 70 and 176 in the South Region. The year-to-year
variation was more remarkable in the two prolific southern regions than in the North

Region. In the North Region, the

. ' Legend
fish occurred in the offshore waters CRUE 10 number
throughout the o O O O O
cruises except bnly three fish taken
150~
in the entrance to the Gull of /
. Iais 6
Tongking, 17 degree N - 18 degree Rielats (3 / B oelats
N, 107 degree E - 108 degree E, in
1997.  Skipjack tuna were taken C
. . . Jie
in wide geographic range from
coastal to offshore waters, except C Q 1’
a quadrangle of 12 degree N - 13 1 op B 1'¢
degree N, 109 degree E - 110 3 415
, ¢ DD o
degree E near Nha Trang, in the . SO — ¢
, i S| 01D
Central Region. i i 13
»an:
The fish occurred in the i ‘_“gﬂ .
P i e
entire the South Region, except for .\i.“:zg ), ‘?-’,r DD |D 1Rs
coastal quadrangle near the - :?%)f 2 @ @@ ‘o
Mekong Delta, 8 degree N - 10 ) © @ .
degree N, 107 degree E - 108 [ o |DIO] o I
L ds
degree E, even though CPUE was SRR T T
low in coastal area and around the (e
Spratly Islands. Figure 5-66 CPUE in number of skipjack tuna

in SW monsoon scason of 1996 and 1997
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The two surveys revealedthe distribution range of skipjack

tuna in the

southwestern monsoon season, and fairly significant year-to-year variationsof CPUE,

(2 Northeastern monsoon season

CPUE in  number by
quadrangle is given in Figure 5-67
drawn on the basis of data taken by
the 3rd survey. CPUE in number
totaled 209, divided into 4, 123 and
82 in the North, Central and South
Regions, respectively. Features of the
seasonal distribution are high values
in the Central Region, and low values
in the offshore waters of the South
Region. Unforlunately, occurrence
of the fish in the North Region was
not fully examined due to lack of test

fishing in three quadrangles therein.

3 Difference between seasons.
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Figure 5-67 CPUE in number of skipjack tuna

in NE monsoon season of 1995

Figure 5-68 represents CPUE in number of skipjack tuna for each cruise and for

each quadrangle. The fish were more frequently taken in the South Region in the

southwestern monsoon season, while in the Central Region in the northeastern monsoon

season. However, the CPUE showed fairly large year-to-year variation in the same

southwestern monsoon season. However, distribution in the North Region needs further

surveys in future, as a result of difficult weather conditions during test fishing in the 3

central quadrangles.
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Figure 5-68 Distribution of CPUE in number of Skipjack tuna
by quadrangle in cach of the three surveys from 1996 to 1957,

(9) longtail tuna (Thunnus tonggol) _ o
Figure 5-69 shows CPUE in number in each quadrangle based on data taken
during the three surveys. Test operations caught long tail tuna in the 3rd and 4th
surveys, but not in the 2nd survey. The fish appeared only in the coastal waters, 9
degree N - 11 degree N, 107 degree E - 109 degree E, near the Mekong Delta of the
South Region. CPUE in number was higher, 112 in the southwestern monsoon season

of 1997, than that of 39 in the northeastern monsoon season of 1996,

Figure 5-69 Distribution of CPUE in sumber of longiail tuna
by quadrangle in cach of the three surveys from 1996 10 1997,

{10) yellowfin tuna (Thunnus albacares)
Figure 5-70 shows CPUE in number in each quadrangle based on data taken
during the three surveys. Unfortunately only a small number of the fish were collected

by the test fishing, a single individual during the 2nd survey, and 11 individuals during in



each of the 3rd and 4th surveys. The fish occurred more frequently in the North Region
during the southwestern monsoon season, while in the South Region during the

northeastern monsoon season, rather than in the other regions.
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Figure 5-70 Distribution of CPUE in number of yellowfin tuna
by quadrangle in each of the threc surveys from 1996 to 1997,

(11) bigeye tuna {Thunnus obesus)
Figure 5-71 shows CPUE in number in each quadrangle based on data taken
during the three surveys. The species was infrequent catch for the test fishing and the

data failed show specific features of distribution.

Bigeaye tuna
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Figure 5-71 Distribution of CPUE in number of bigeye tuna
by quadrangle in each of the (hree surveys in SW monsoon season.

(12) Sail fish (Istiophorus ;pfaijfptems)
@ Southwestern monsoon season
Figure 5-72 presents CPUE in number in each quadrangle based on data from the

2nd and 4th cruises. The sum of CPUE in number is 11 in 1996, and 10 in 1997,



Positive quadrangles appeared
widely in the coastal waters,
except for some concentration in
the offshore waters at 8 degree
N - 10 degree N, 110 degree¢ E -
111 degree E, in 1997. The fish
are distributed on the continental
shelf, as well as shallow waters

around the Spratly Islands.

@ Northeastern monsoon season

CPUE in number by
quadrangle is given in Figure 5-
73 drawn on the basis of data
taken by the 3rd survey. The fish
were not taken in the North
Region, but occurred frequently
in the offshore waters of the
Central and South Regions,
showed CPUE of 10 and 17 |

respectively,

@ Northeastern monsoon season
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Figure 5-72  CPUE in number of sail fish
in SW monsocen season of 1996 and 1997,

CPUE in number by quadrangle is given in Figure 5-73 drawn on the basis of data

taken by the 3rd survey. The fish were not taken in the North Region, but occurred

frequently in the offshore waters of the Central and South Regions, showed CPUE of 10

and 17, respectively.



® Différence between seasons.
Figure 5-74 shows CPUE in
number in ¢ach quadrangle based on
data taken during the three surveys.
It is noted that CPUE rose in the
coastal waters durting  the
southwestern monsoon season, while
in the offshore waters during the
northeastem monsoon  season,
Biological data in p.5-132 indicate
that size of fish differed between the
fish taken in the two seasons,
medium-sized fish in the
southwestern monsoon season énd
small-sized fish in the northeastern
monsoon season. This coincidence
impflies change of habitats of sailfish

during their growth.
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Figure 5-73 CPUE in number of sail fish

in NE mensoon scason of 1996

Figure 5-74 Distribution of CPUE in number of Sail fish
by quadrangle in each of the three surveys from 1996 to 1997,

(13) Black marlin (Makaira indica)

Figure 5-75 shows CPUE in number in each quadrangle based on data taken

Spray 1 - v°




during the three surveys. Black marlin occurred in the North and South Regions during
the 2nd and 3rd surveys, but not during the 4th survey, nor in the Central Region. The
fish appeared in the shallow coastal waters including those around the Mekong Delta

and the Gulf of Tongking.
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Figure 5-75 Distribution of CPUE in number of black marlin
by quadrangle in ¢ach of the three surveys from 1996 to 1997,

(14) Blue martin (Makaire mazara)

CPUE in number of blue marlin were iflustrated for each cruise and for each
quadrangle in Figure 5-76. In total, 6 and 10 were taken during the 2nd and 3rd surveys,
respectively. Positive quadrangles scatter along the whole coastal waters during the
southwesiern monsoon season, but were confined to the southern waters during the

northeastern monsoon season,

Blywe mprdin

CPUE in mumber

Figure 5-76 Distribution of CPUE in number of blue marlin
by quadrangle in cach of the three surveys from 1996 to 1997,

The fish appeared more frequently in the waters around the Mekong Delta,
where the concentration of fish appeared near the Delta in the northeastern monsoon
season, and scemed to have shifted offshore in the southwestern monscon season. Blue
marlin, as well as sailfish and black marlin, may migrate t'o the coastal waters where

outflow of river waters might have atiracted small-sized forage fishes.



(15) Striped marlin (Tetrapterus asedax) and broadbill swordfish (Xiphias gladius)

Figure 5-77 and 78 shows CPUE in number of striped marlin and broadbill
swordfish in each quadrangle based on data taken during the three surveys. Test fishing
of the 4th survey incidentally caught 4 striped marlins in a quadrangte of 14 degree N -
15 degree N, 111 degree E - 112 degree E of the Central Region, and a single swordfish
in another, 11 degree N - 12 degree N, 111 degree E-112 degree B
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Figure 5-77 and 78 Dist:ibutidn of CPUE in number of siriped marlin and
broadbill swordfish by quadrangle in each of the three surveys from 1996 to 1997.

(16) Unicorn leatherjacket (Alieterus monoceros)

Figure 5-79 shows CPUE in number in each quadrangle based on data taken
during the three surveys. Test fishing in the southwestern monsoon season showed only
4 and 2 values of CPUE in number, in offshore waters of the Central Region during the
2nd and 4th surveys, respectively. On the other hand, 133 of CPUE , were taken during
the 3rd survey, where the fish were fourd to be widely distributed. High concentrations
appeared in the water near the Gulf of Tongking of the North Region and in the waters

around the Spratly Istands, but not near the Mekong Delta in the South Region.

Unicorn lastherjackat
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Figute 5-79 Distsibution of CPUE in number of unicorn leatherjacket
by quadrangle in each of the three surveys from 1996 to 1997,



(17) Flying squid (Sthenoteuthis onaluniensis)

(D Southwestern monsoon season
Figure 5-80 shows CPUE ‘in
number of flying squid in each
quadrangle based on the 2nd and 4th
surveys, CPUE in number totaled 'to
268 and 209 , for the 2nd and 4th
surveys, respectively, divided into 23,
134 and 111, and 34, 110 and 66, in
each of the North, Central and South
Regions. |
The squid did not appear in the vicinity
of the Gulf of Tongking nor of the
Mekong Delta. Positive quadrangles
are located in the offshore areas in the
North and South Regions, but extended
from the coast to offshore in the
Central Region. CPUE exceeding 20
was not found in the North Region, but
scattered in the Central and South

Regions.

@North eastern monsoon season
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Figure 5-80 CPUE in number of Oyiag squid

in SW monsoon season of 1996 and 1997,

CPUE in number by quadrangle is given in Figure 5-81 drawn on the basis of

data taken by the 3rd survey. The sum of CPUE in number at all the operation sites was

153 including 128 in the Central Region and 25 in the South Region. No squid was

found in the North Region during the 3rd survey, though three quadrangles were not

investigated by test fishing .



@ Difference between seasons.

Figure 5-82 shows CPUE in number in each quadrangle based on data taken

during the three surveys.

The values of CPUE at many
quadrangle was found less in the
northeastern monsoon season than in
the southwestern monsoon season
except in the Central Region. In the
Central Region, the squid were more
freqhently recorded in the northwestern
monsoon season, and values of CPUE
and number of positive quadrangles
were similar to that in the southwestern
monsoon season. ‘There was no
recorded collection of the squid in the
vicinity of the Mekong Delta. In shon,
flying squid is distributed in the Central
Region covered by the oceanic waters
during the rainy northeastern monsoon

s€ason.
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Figure 5-81 CPUE in number of Rying squid
in NE monsoon season of 1996.
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Figure 5-82 Distribution of CPUE in number of Flying squid
by guadrangle in each of the three surveys from 1996 to 1997



5-4. Biological findings of the major species
- Herein is described the general biological information on species of
fisheries interest based upon data obtained through the test fishing. This chapter
reviews general ichthyofauna found by gill netting in the sea area under survey for
each monsoon season, and presents distribution, size of individuals, stomach
contents and situation of gonads of 18 major species including a squid all as defined
in the chapter 5-2-(2).
The area under survey is divided into 8 areas by sea depth for each of
the North, Central and South Regions (Table 5-10). Length of body of individual

specimens is expressed by standard length for tripletail and unicom leatherjack,

mantle length for flying squid, and fork length for the other 15 species. Length and:

weight frequencies were prepared with composition in number of individuals

corrected by number of nets of different mesh sizes.

(1) Outline of general ichthyofauna in the survey area _

Test fishing by surface gill nets during the three cruises caught 4,798
individuals of 99 species of interest to fisheries. Fishes of scombridae comprised
51.1% of the catch, followed by coryphaenidae 15.4 %, bramidae 14.1 % and
carangidac 4.2 % (Figure 5-83). Bullet mackerel, frigate mackerel and skipjack
tuna are the most frequently taken scombrids. The others are fittle tuna, longtail
tuna, bigeye tuna and yellowfin tuna. Coryphenid catch consisted of two species,
common and pompano dolphinfishes. The former comprises 85 % of this family.
Only a species, pomfret, represented Bramidae. Most of fishes of these three
families are listed to major species in this Report.

Tt is noted that fishes of Carangidae appeared frequently, representing
197 individuals of the 20 spéices; although these fish of any single species were not
numerous.  Yellow-spoited travery appeared most frequently among carangids.
The other significant species are almaco jack, bigeye scad, black band amberjack and
talang queenfish (Table 5-11). Size of yelllow spofted travery was 221.7 mm in
mean fork length with a range of 117 to 258 mm and 250g in mean body weight



ranging between 50 and 400g. Averages of fork length and body weight of four
other species were 246.0 mm and 300 g for almaco jack, 232.7 mm and 260 g for
bigeye scad, 240.6 mm and 300 g  for black band amberjack and 237.0 mm and 270
g for talang queenfish. In addition to fishes, the catch comprised three cephalopods
inclusive of ﬂying squid, diamondback squid and an octopus of Tremoctopus
violaceus. Flying squid was the most abundant of the cephalopods, represented by
383 individuals or 7.5 % of target species, weighing 163.44kg. Incidentally taken
animals were five species of dolphins and porpoise, three species of sea turtle and a
single species of sea bird.

| Figure 5-84 shows species composition of target species in terms of
number of individuals. Among 18 major species, 95% of individuals were from 12
species including bullet mackerel, pompanos, frigate mackerel, skipjack tuma,
common dolphinfish and flying squid. Only pomfret is a mid-layer species. The
others are pelagic oceanic species, common in the warm waters including southern
Japan str’eté:h'mg to the Ryukyu Archipelago (Matsubara,Ochiai and Iwai 1979,
Ochiai and Tanaka 1986, Nakabo 1993). Flying squid is a typical oceanic
cephatopod {Okutani 1995).

Figure 5-84 shows species composition of catch, in number, obtained
during each of the three cruises. Test fishing in the southwest monsoon season of
1996 caught 1,010 fishes of 67 species and 77 squids of two species. Bullet
mackere] was the most numerous species, followed by common dolphinfish, skipjack
tuna, frigate mackerel, pomfret, flying squid and tripletail in decreasing order.
These species comprised about 75 % of the catch, by number. During the northeast
mensoon season of the same year, 1,693 fishes of 61 species and 144 flying squids
were collected by the test fishing. Pomfret was the most numerous, and the other
significant species were frigate mackere}, common dolphinfish, skipjack tuna, flying
squid, unicorn leatherjacket, bullet mackerel and tripletail. Eight of theses species
comprised 80 % of total catch by number. In the southwest monsoon of 1997,

2,095 fishes of 62 species and 164 squid were caught by drifting gilinets. Bullet



mackerel was the dominant species, followed by skipjack tuna, frigate mackerel,
common dolphinfish, flying squid, pomfret, longlail tuna, pompano dolphifish and
bigeye tuna, comprising some 85 % of the total catch.

Species composition of the catch changed significantly between
seasons. Scombrids such as bullet mackerel, frigate mackerel and skipjack tuna
dominated in the southwest monsoon seasons. The share of scombrids fewer and
that of pomfret rose in the northeast monsoon season (Figure 5-84). The seasonal
change was caused by catch of two species fluctuating significantly with bullet
mackerel dominating in the southwest monsoon season and pompanos in the
northeast monsoon season. Regional features of species composition will be
described here in brief, In the North Region, common dolphifish and frigate
mackerel were numerous in the inshore waters, while bullet ':hackercl and flying
squid occurred on the continental slope. Common dolphinfish and frigate mackerel
were again representative species in the inshore waters of the Central Region.
Frequently caught species on the continental slope and offshore waters in the Région
were pomfret, common dolphinfish, skipjack tuna, flying squid and tripletail.
Significant species in the South Region were common dolphinfish, frigate mackerel
and longtail tuna in the inshore waters and pomfiet, skipjack tuna, common
dolphinfish, flying squid and tripletail on the continental slope and offshore waters.
Generally, frigate mackerel appeared mostly in the inshore waters, and the habitat of
bullet mackerel extended to offshore throughout the country’s waters. Longtail
tuna was taken in the inshore waters of the South Region. The Continental slope and

offshore waters appeared to yield pomfret, common dolphinfish, skipjack tuna, flying

squid and tripletail.



Table 5-10. Classitication of the survey areas based on the sea deplh of Jocation where the gillnet lishing was conducted,

Survey area periad inshore {fess thaa 200m) Conh::r:::;i;n‘pce;:::n w0 Cifghare [maorg than 10O0m)
1996 Mey-June___ _ |R}2, 803, BaS, BO® 808, BOY b -
Horth Region 1996 Sep-Ogt 202, 8O3, BOS . e -
|19 May-sune B2, 803, 45, BUS 804, BYY - ]
Bi1, B12, B4, BiS, 816, B1Y
1496 May-June 819 610, 81 ' C e ' '
1338 May e e lemeoea
Ceatral Region 1598 Sop-Oct 310, B2, B13, B4, 815, B18, B17,
4 R _,p,f _ o ¢ B”V ai8, 819, B20. B2t
|:~. 15997 May-June . B10, 811, B3, 819 g;f' Bl4. 815, 817, Bis. B2O,
1956 May-Juns 822, B26. BIY, B3N, BI2 B 924, B85, B2, B2E, 820, BI,
) . " 8, B3I
Gouth Region 1536.5ep-Oct__loe2, B26, B27, B3V, 83z |B23, B28, B33 824, B25. B2, B0, B34, BI5
1997 May-Jure 223, B26, B27, B3, 832 |B2Y Bad. B2, B2s. B29, B3O, 83,
N Bi4. B

Table 5-11. Summary of carangid fish caught in the survey area.

, species ' No. Wt.(kg) |
1 |Carangoides orthogrammus 41 7.69
21 Sprivla rivoliana 23 i1.85
3|sefar crumernophthaimus 21 417
! 4| Scomberoides commersonnianus 15 3.7¢
5{Seriofina nigrofasciata 15| 11.55
6|Naucrates ducior 14 3.75
7| Scomberoides toi 12 3.5
8|Decapterus macrosoma i0 0.98
9| Decapterus akaadsi 8 1.09
10}Atule male 7 0.14
11| Decapterus marvadsi 5 1
12| Megalaspis cordyla 5 1,64
13| Décapterus russeili 4 1.13
14| Parastromateus niger 4 1.95
18| Scomberoides lysan 4 6.35
16|uraspis hetvola 4 1.1
{7 | Trachinotus baiilonii 2 0.85
18tAfeclis ciliaris 1 0.44|
! 19| Carangoides ferdau 1 0.1
& 20| Etagatis bipinnuiala i 4.2
Tolal: 197 67.27




“eale ABAINS Ay} UI UOSEES UOOSUOOW Yoea Sulnp 1yBned sl JUBUILOP B 4O UoISodwod saeds "vg-s aunbiy

) e $-9°L66L 01-6'9661 929661 m
I
i 1 . . r %0 7
. W xﬁu\h._ﬁk Lt 4 S | :
i i oA || 4 %01 “
! . [ : |
: paroys syl | 4 %02 “
o i !
Sfiurrtad SUOMRSIDY Tl : ] i
_ ’ : 4 %0g |
X sranddyy pwseyddion 01 : i
m sytaspha pusydiio = : . ..._ %0 m
C amuenime SHpRONNIS S 7 4 %05 ;
; ! 4 i
ERARIOUOU SNIATIVE i” %09 |
SISUAUDULING SAOWTE i
| ; - %0L
| 1o83uo; smuuny [ @ _ .; !
W RGP SHULT . m | %09 m
,m stugglp g o “ : - s : e + %06 |
i MR T X R e K 2 = s S, e 3 .""u m
¥ pad.] ! - O milels 2 L B . e OO0 _
"aIE ABAINS BU} Ul UOSEOS UOOSUOOW YoBd Bunnp siau|Ib 1P AQ 1yBnes Ajwey ysy o uoisodwoy "£8-§ dinbid
. ire 952661 01-8'9661 8-5'9661
: . r v - %0 i
f— e < mot |
| eepLquoosm | _ n
1 | I .
; 5 4 %0z |
seplueeydloom || :
¥ 1 %0¢ _
aepiues] i
b 4 %ot “
oepibueien g || :
v 4 %0S
.
supiogon &3 i 1 %09 |
i Pl .
| eepuoudonsI® i 4 %02 :
i o ”
ﬁ_ eepijiuedeuoN @ | : 4 %08 ,
H |
: _ _
m : e | . n . - %06
S ] 1 ' !
m : : ! . - %001

5-84



(2) Common dolphinfish (Coryphaena hippurus)

The distribution range of common dolphinfish was found to have
covered almost the entire survey area.  Sampled fish ranged between 225 and 1,125
mm in length with mode of 425 mm and mean of 448.5 mm, or between 0.5 kg and
12.25 kg in weight with mode of 0.75 kg and mean of 1.15 kg.  The size of fish
taken in different seasons and regions shows the following features.  Fish caught in
May and June of the 1996, south monsoon season, were 425 mm in modal length
and 0.75 kg in modal weight. There was only slight difference of size of fish among
regions except for frequent occurrence of slightly smaller individuals in the shore
area of the North Region and offshere area of the South Region (Figures 5-85,88).
During the survey in September and October 1996, representing the northeast
monsoon season, the mode of common dolphinfish was 275 rom and 0.5 kg. The
fish appeared more frequently in offshore areas of the Central and South Regions.
Larger fish with modal length of 475 to 525 mm and modal weight of 125 kg
occurred as common dolphifish were numerous in the shore areas of North and
South Regions (Figures 5-86,89). Fish taken in the southwest monsoon season, May
and June 1997 were 375 to 425 mm in modal length and 0.75 kg in modal weight.
This size group dominated in most areas except the offshore area of the South
Region (Figures 5-87,90). In short, medium sized fish of 375 to 425 mm in modal
length dominated in the southwest monsoon season, while smaller fish of 275 mm
were found distributed in the offshore waters of the Central and South Regions in
the northeast monsoon season. According to studies on the materials taken in
Japanese waters, common dolphinfish reach 20~25 ¢m in June and July of their first
year of life, and then grow up to 38 cm at one year after birth, 68 cm at two years,
90 cm at three years, 108 cm at four years and 122 ¢m at five years {Ochiai and
Tanaka 1986). Assuming the growth rate applicable to the Vietnamese stocks,
major portion of samples taken in the southwest monsoon season are l-age, and
those in the northeast monsoon season are (-age.

Stomach contents and gonads were investigated to learn feeding



habits and spawning activity of the fish in the area under study. Among five fish
taken in the northeast monsoon season of 1996, three fish had empty stomachs, and
the other two were found to have eaten squid, in spite of the previous reports that
fishes are their major preys, Gonads were obtéincd in both southwest and
northeast monsoon scasons of 1996, A fish of 430 mm taken in the southwest
monsoon season was found with gonad a size of 92 g or 1.6 in GSI. Very
prifnitive oocytes below 0.1 mm comprised half, and oﬁly few were 0.4 to 0.5 mm.
In the nbnhéast monsoon season, iwo fish of 491 and 625 mm were sampled for
gonad inspecfitm. Weight of gonads and GSI were small, 42.5 g and 206.5 g and
4.2 and 10.0, réspectively. More than half of the ovarian eggs were less than 0.1

mm in diameter, and advanced ova of 0.4 10 0.5 mm comprised less than 10 %.

(3) Pompano dolphinfish (Conyphaena equiselis)

"Test fishing captured pompano dolphinfish which were as large as
225 to 425 mm in length with a mode of 325 mm and mean of 309.0 mm, and 0.25
to 1.25 kg in weight with mode of 0.25 kg and mean of 0.44 kg. In the southwest
monsoon season of 1996, fish of 325 mm and 0.25 kg represented the modal size.
The mode of 325 mm appeared in all the sea areas including the most prolific inshore
area of the North Region (Figures 5-91). The same modal size both in length and
weight appeared for the fish taken in the northeast monsoon season of 1996 (Figure
5-92). The fish taken in the southwest monsoon season of 1997 were found with
modes of 275 mm and 0.25 kg, and mostly distributed in the offshore areas of the
Central and South Regions (Figures 5-93). In shoit, fish of 325 mm in modal
length were major shoals taken in the inshore area of North Region in the two
seasans of 1996, and smailer fish of 275 mm and .25 kg were 1aken mainly in the

offshore area of Central and South Region in the southwest monsoon season of
1997,
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Figure 5-85 Body size composition of Coryphaena hippurus caught in May - June, 1996.
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Figure 5-86 Body size composition of Coryphaena hippurus caught in Sept. - Oct., 1996.
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Figure 5-87 Body size composition of Coryphaena hippurus caught in May - Jane, 1997.
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(4) Bigtooth Pomfret (Brama orcini) _ 7
_ There apbeared a tendency that pomfret are distributed in the
continental slope and offshore areas of Central and jSouth R¢gions. Ranges of the
fish taken during the four cruises were 110-390 mm in length and 0.05-1.15 kg in
wéight. " Modes and means were 230 mm and 246.0 mm and 0.25 kg and 0.32 kg,
respectively. Tihe modes were found throughout the southwest monsoon season of
1996, specifically in the conﬁnental stope of North Region and Central Region,
except the offshore area of South_Region where bimodal grohp with 190 mm and
300 mm appeared (Figures 5-94,97). In the northwest monsoon season _of 1996,
-modes 'appeared to be 250 mm and 0.25 kg. These values prevailed in the most
abundant offshore area of South Region, except for slightly large fish of 270 mm in -
modal ierigth. ~In the offshore area of the C_entral Region, _additional modes were
found in 230 mm or less and in 300 mm or above(Figures 5-95,98). In the
southwest monsoon season of 1997, the dominant size group was 190 mm in modal
length and 0.15 kg in modal weight, represented by those taken from most successful
fishing ground of the continental stope of Central Région. .Larger fish of modes of
230~250 mm and 0.25 kg were dominatnat in offshore areas (Figures 5;96,99). In
general the fish of l90~23;0 mm in moda! length occur in the-pontinental §Iope area
of the Central Region in the southwest monsoon season, while slightly larger fish
with modal length of 250 mm are distributed in the offshore area of Central and
South Regions during the northeast monsaon season. There is t'endenc;r that the
small sized fish are distributed in the continental slope and the large sized fish live in
the offshore area. _

Stomach contents were investigated with four individuals taken in the.
northeast monsoon season of 1996 aﬁd 56 fish in the southwest monéoq_n season of
1997. Among 4 fish collected in 1996, one ﬁsh had unidentified fishes, two ﬁdth
squids, and the rest one with both fish of Genus Sardinella and squids. Thé fish |
collected in 1997 were found with shrimps, squids and fishes at almost same ratios,

even though half of samples had already digested animals for identification ofspecies
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composition of stomach contents (Figure 5-100).

Samples of gonads were also obtained in the northeast monsoon
season of 1996 anﬂ the southwest monsoon season of 1997, A fish of 31.7 in mean
of GSI, 85.6 % of ovarian ova were smaller than 0.2 mm in diameter, and those over
0.5 mm comprised tess than 10 % in the northeast monsoon season. On the other
hand, there were heavy gonads of 22.1 to 34.3 in GSI in the southwest monsoon
season. Specimens with ova less than 0.2 mm in diameter comprised less than 50

%, with increase representive more advanced ova of 0.4 to 1.4 mm in diameter.

empty
14%
shrimp+squid
5% =: N 58
gi,h smashed

> 50%
squid

1% i

shrimp
11%

Figure 5-100. Composition of stomach contents of Brama orcini
caught in May - June, 1997.
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Fork length composition of Brama orcini caught at each area in Sept. - Oct., 1996.

Figure 5-98.
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