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Preface

Taiwan is an island and the ocean is our priceless property. The Exclusive
Economic Zone (EEZ) of Taiwan covers 430 thousand square kilometers of ocean and
unlimited opportunities. Consequently, the government promotes "Ocean
rejuvenating™ policy ideas and it fits well with the diligent nature of people in Taiwan.
Our ocean is favorably endowed with all kind of fishery resources, which provide our
compatriots the best high quality animal protein. However, the coastal resources are
declining in recent years. Therefore, the balance between fishery development and
conservation will be the biggest challenge in the future.

Fishery is an old business, but to manage it properly requires state of the art
science. Climate change lead to rising water temperature, with the consequences of
changing habitats, alteration of distribution boundary, and the oscillation of fishing
grounds of aquatic resources. The effect of climate change is profound for fishery
resources and water temperature, salinity and primary production of the water masses
are the key factors that affect the variation of fishing grounds and fishing season. As a
result, in order to monitor our ocean and to detect anomalies effectively and to find a
way to mitigate the impact of climate change, many countries have devoted to
establishing their long-term database for marine environment and aquatic living
resources.

Long-term observation of the ocean is a continuous process with a series of
challenges. Fisheries Research Institute implemented the Taiwan Cooperative Oceanic
Fisheries Investigations (TaiCOFI) program to investigate in the hydrography and
fisheries resources in the surrounding waters of Taiwan since 2003 and now a
consecutive 16 years database of marine environment was established. With the
publication of "Cruise report of TaiCOFI surveys in 2017", we hope this project to be
helpful for fishery researchers and policy makers and to promote international
academic exchange. Finally, we hope this project will contribute more to the society
and lead fisheries in Taiwan toward sustainability.

Director

ﬁmz-«zu hen

Fisheries Research Institute
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Introduction

With the changing of climate and the growing of marine environmental
pollutions in recent years, many countries have devoted to establishing their database
for marine environment and aquatic living resources. However, in the past, marine
research programs in Taiwan were mostly confined to a short time scale and of a
limited region. Besides, transects or stations of surveys were usually changing with
the changing of projects, resulted in a scarcity of long term and systematic
observations of waters around Taiwan. Furthermore, most programs were aimed at
marine chemistry and physics studies. It is hard for fishery scientists to incorporate
that information into fishery stock assessment.

As a result, Fisheries Research Institute implemented " Taiwan Cooperative
Oceanic Fisheries Investigations, TaiCOFI ; program in 2003 to conduct quarterly
cruises to collect water temperature, salinity, nutrients, chlorophyll-a and zooplankton
measurements at 62 stations in the surrounding waters of Taiwan. Through this
thorough investigation, we try to understand the coupling of physical, chemical and
biological dynamics in the surrounding waters of Taiwan to figure out the factors
associated with the fluctuation of fishery resources. For the past years, we really
appreciated for the valuable advices from academic communities to improve our field
sampling techniques and operation procedures of marine observation instrument. With
the hardworking of our staff members and associated academic organizations, now we
have preliminary achievements in the operating efficiency of marine observation
instruments, fishing ground investigation techniques and fisheries biology research.

The data presented in this report were collected by TaiCOFI cruises in 2017.
Standard procedures of field program and sample analysis are described in detail and
the distribution of water temperature, salinity, nutrients, chlorophyll-a, zooplankton
and primary production are illustrated in figures for each cruise. Summer and autumn
cruises were cancelled due to the maintenances of our research vessels. Finally, we

will extend our special thanks for your advices to improve this cruise report.
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Field Observations

The survey was carried out in the waters surrounding Taiwan by Fishery

Researcher | during quarterly cruise in February and April in 2017. The following
procedures were conducted at each station.

1.

Temperature and salinity:
CTD, Seabird SBE-911PLUS, was lowered from the surface to 1000 m (or 10 m
above the bottom for shallow areas).

. Water sampling for chlorophyll-a and nutrients:

The Rosette (GO-1015), mounted on the frame of CTD, were sequentially closed
and collectded 2 liter water sample at specific target depths (5, 25, 50, 75, 100, 150
m) as the CTD was raised.

. Chlorophyll-a concentration measurement:

One liter of sea water samples were immediately filtered through Whatman GF/F
filter papers and then put in -20°C refrigerator for chlorophyll-a concentration
measurement in the laboratory.

. Nutrients concentration measurement:

100 ml of sea water samples for each depth were collected and then put in liquid
nitrogen (-196°C) for nutrients concentration measurement in the laboratory.

. Sampling gear and methods for zooplankton:

The ORI net, with a 1.6 m diameter mouth opening, 6 m in length and 0.333 mm
meshes, was towed obliquely to 200 m (for shallow areas, 10 m above the bottom)
at each station. The net opening is fastened with a short 3-lead bridle connected to
several meters of line which attached to the towing cable by a clamp. A General
Oceanic flowmeter is suspended across the center of the net mouth to measure the
amount of water filtered during each tow. The net was towed at a ship speed of 1.0
knots for about 10 minutes. After the net was on board, samples were pouring into
the PVC bottle and preserved immediately in 5% formalin buffered with sodium
borate.

VI
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Laboratory procedures

Seawater samples were collected at discrete depths (from 5 to 150 m) for
inorganic nutrients (NOs ~ PO,* ~ SiO,*) ~ chlorophyll-a (chl-a) and primary
productivity (PP) and then were analyzed with standard methods depending on
variable chemical properties in the laboratory.

1. Nitrate
Nitrate (NO3z) was measured by reducing nitrate to nitrite (NO;) and then
determining the nitrite by employing the pink azo dye method. Sulfanilamide and
NED solutions were added to seawater samples and then measured by using a
spectrophotometer analyzer at 542 nm for final determination of concentrations.

2. Phosphate

Phosphate (PO,>) was determined by the molybdenum blue method. Ammonium
molybdate ~ Sulfuric acid ~ Ascorbic acid and Potassium antimonyl-tartrat mixed
solutions at room temperature were added to seawater samples and then measured by
using a spectrophotometer analyzer at 885 nm for final determination of
concentrations.

3. Silicate

Silicate (SiO,%) was measured by the Molybdenum blue method. Seawater samples
were immediately acidified with 50% Hydrochloric acid ~ 10% Ammonium
molybdate and 10% Oxalic acid and then 1-amino-2-naphthol-4-sulfonic acid -
Na;SO; and NaHSO; mixed solutions was added to the samples. For final
determination of concentrations, samples were measured by using a
spectrophotometer analyzer at 815 nm.

4. Chlorophyll-a
Chlorophyll-a (chl-a) was measured by the Trichromatic method. Pigments were
extracted in cold acetone (90%) for 24 hours. The samples were centrifuged at 3000
rpm under 4°C for 5 minutes and then transfer the samples extracts from the
centrifuge tube to the cuvette by careful pipeting. The final determination of
chlorophyll-a samples were measured by using a spectrophotometer.

5. Primary productivity
Primary productivity (PP) were measured by the Dissolved Oxygen method.
Seawater samples were cultured in the light and dark tanks for 24 h and then
measured by using a DO meter analyzer on board.

6. Zooplankton
Each plankton sample was repeatedly divided with a Folsom splitter until its
subsample contained 2000 specimens of zooplankton. Zooplanktons were than
sorted and classified into 30 categories. The number of each category was recorded
and the abundance of each category was expressed as the number of individuals per
cubic meter (inds/m°).
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Fig. 1. Stations and cruise tracks for TaiCOFI project in February 2017.
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Fig. 2. Stations and cruise tracks for TaiCOFI project in April 2017.

(2) solid line surveyed from April 11th to 17th (2) dotted red line
surveyed from April 22th to 25th
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Fig. 14. Sea surface primary production in February and April 2017.

-14 -



T T T T T
119 120 121 122 123

25

24

23 7

22

21 T T T T T
119 120 121 122 123

I
50 75

B 15.2017 & 2% 2 4§55 4 5§ 0 #
Fig. 15. Biomass of zooplankton in February and April 2017.

200 (g/1000m®)

-15 -



|©Hl

'/ 102 Areniga- ul exel uopjue|dooz jueuiwop Jo uonisodwo) 97 "Hi4
o D lp e v %W b B2 0y 5 2 7 LT0C 9T 14

COIS TOIS 09IS 6S3S 8GIS LGIS 9GIS SIS €615 TEIS SAS ¥AS €AS 8IS LIS 91IS SIS vIIS €1IS TS TS 0TS 603S 8OIS LOIS 90IS SOIS ¥OIS €OIS TOIS TOIS

, 0
epiouejeD O
- 01
epiodojpAom O
elajonO I ON
epoJensom I Om Muﬂ
B =
erenoIpusddy @ O._w %
0SB
eyreuboleeyD @ O@ m
epodoiaido ON\ Om
- A —
aenle| ysi4H0
eageisneydnym _ B Ow
sbba ysiHm@m ) O@




INHI

'/T02 |14dy ul exe) uopjuejdooz jueuiwop Jo uonisodwo) 21 B4
o U ipde v o8 o Bl E e 5 v o2 JTOC LT 4

1€1S 0€3S 6TIS 8TIS LTS 9TIS STIS ¥TOIS €IS TOS TS 0TS 613S 81IS L1IS 91IS STIS ¥1IS €13S TIIS T3S 0T3S 60IS 8OIS LOIS 90FS SOIS vOIS €0IS TOIS TOMS

0
epioue[eD 0O
epiodojoAom I Oﬁ
elajiono I ON
epoJensom I Om
0 &
elLe|noipuaddy m w
- =
eyreuboleeyD @ Om Qmouv
- (@]
epodolsidO O@ \bﬂ
- 0L, N
aeAJe| ysiH@
eaoeisneydnym B Ow
sbba ysiHm@ B O@




|w.ﬁl

‘(panunuod) 210z 14dy ul exey uopjuejdooz Jueuiwop Jo uonisodwo) ‘gt ‘bl
(8) &« Uoirip de v 8§ o F5F 220 10-/T02 8T (4

COIS TOIS 091S 6SIS 8GIS LSIS 9GIS GGIS ¥GIS €6IS CGIS T1GIS 0GIS 61IS 8IS LYIS OIS SHAS ¥¥IS €IS THIS T#AS OFIS 6€3S 8EIS LEIS 9€IS SEIS #EIS €€3S TEIS

0
epiouejed O
- Ol
epiodojoAom
- 0C
elayono
- 0¢
epoJessO@ O ATUG
B # N
eLre|ndIpusddy @ %
08 2
eyleuboleeyD @ Qvou
-0 2
epodolaido ON\ \Obﬂ
- N
deAle| ysi4O -
eadeIsneydnIm B - 03
sbba ysiH@ = I O@




% 1.2017 & 2 7 &k FA AP T AL
Chart 1. Sea observation data in February 2017

Station Date SMT Lati. [ Long. | Depth | SST | Air T. | Air P. |Wind D.[Wind F.|O.N.D| FL. Ct. | V.M.S.
St.01 20170217 1652 24.85| 122.01 378] 25.1 223 1019 095 1.7 200 1694| 1016.4
St02 | 20170217 2012] 25.02] 122.51 1425 22.3 22.8 1020 045 4.1 200 1063] 637.8
St.03 20170217 2331] 25.01] 122.50 1603] 254 219 1020 026 7.5 200 1290 774.0
St04 | 20170218 0439 24511 122.52 568 253 213 1018 035 9.7 200 1065]  639.0
St.05 20170218 0830] 24.52] 122.01 612] 254 21.0 1020 021 11.0 200 1099 659.4
St06 | 20170218 1300 24011 121.69 378] 26.1 22.0 1018 046 9.2 200 1064| 638.4
St.07 | 20170218 1617] 2376 | 122.00 3170 36.0 21.6 1019 036 124 200 549 3294
St08 | 20170218 1948] 2376 122.50 3050] 25.5 209 1021 038 139 200 1491 8946
St.09 | 20170219 0002] 23.76 | 123.00 3348| 25.3 20.3 1020 028 9.8 200 1455 873.0
St10 | 20170219 0513] 23.011] 123.00 2185] 254 21.6 1018 046 7.5 200 1085 651.0
St11 20170219 0829] 23.00 [ 122.51 3381 254 21.7 1019 043 6.9 200 1229] 17374
St12 | 20170219 1138] 2301 121.99 3245] 26.0 22.8 1017 058 1.7 200 1368 820.8
St.13 20170219 15051 23001 121.50 2003 264 22.8 1014 253 3.4 200 1159 6954
St.14 | 20170219 1837] 22.67 | 121.25 1182] 26.5 23.0 1014 034 0.2 200 13521 811.2
St.15 20170220 2202] 22261 121.00 1203] 25.8 21.0 1014 358 1.7 200 1384] 830.4
St16 | 20170220 0130] 22.26] 121.49 407 26.1 22.6 1013 338 3.7 200 1361 816.6
St17 | 20170220 04371 22251 12201 2056 259 21.0 1012 129 3.6 200 1387] 8322
St.18 | 20170220 0747] 22.25] 122.50 2060] 25.9 23.5 1013 156 7.4 200 1382 829.2
St.19 - - - - - - - - - - -
St.20 - - - -

St.21 - - - -

St.22 - - - - - - - - - - - - -
St.23 20170220 1805 21.50| 121.50 2115] 26.7 25.0 1011 198 6.7 200 1184 7104
St24 | 20170220 21451 21500 121.01 980 27.0 25.5 1014 227 4.2 200 13201 792.0
St.25 20170221 0120] 21.521] 12051 1844 27.1 24.5 1013 047 13.1 200 1206 7236
St.26 - - - - - - - - - - - - -
St.27 - - - -

St.28 - - - -

St.29 - - - -

St.30 - - - -

St.31 - - - - - - - - - - - - -
St32 | 20170221 0430] 22.00] 12051 458] 268 24.7 1013 067 11.5 200 11221 6732
St.33 - - - - - - - - - - - - -
St.34 - - - -

St.35 - - - -

St.36 - - - -

St.37 - - - -

St.38 - - - -

St.39 - - - -

St.40 - - - -

St41 - - - -

St.42 - - - -

St.43 - - - -

St.44 - - - -

St.45 - - - -

St.46 - - - -

St.47 - - - -

St.48 - - - -

St.49 - - - -

St.50 - - - -

St.51 - - - -

St.52 - - - -

St.53 - - - -

St.54 - - - - - - - - - - - - -
St.55 20170216 1455] 2553 | 121.20 113] 216 17.3 1017 070 3.0 105 1586 951.6
St.56 | 20170216 12151 25991 121.51 711 238 17.7 1018 181 5.0 70 374 2244
St.57 | 20170216 2102] 26.01| 122.04 99 233 213 1019 144 6.2 94 781 468.6
St58 | 20170217 0005] 26.00 122.50 106] 242 227 1019 210 8.0 95 6771 4062
St.59 | 20170217 0306] 26.00| 123.02 95 24.6 219 1019 211 8.4 94 189] 1134
St60 | 20170217 0622] 25511 123.01 710] 247 224 1019 189 5.6 200 171 7026
St.61 20170217 0947{ 25.50| 122.48 402] 24.8 22.8 1020 306 5.3 200 1376 825.6
St62 | 20170217 12311 25511 12198 1151 25.0 21.7 1018 307 4.0 110 858] 514.8
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Chart 2. Sea observation data in April 2017

Station Date SMT Lati. [ Long. | Depth | SST | Air T. | Air P. |Wind D.[Wind F.|O.N.D| FL. Ct. | V.M.S.
St.01 20170411 1324 24.88 | 122.01 318 22.5 19.2 1008 011 10.4 200 1747] 1048.2
St02 | 20170411 17421 25.02 | 122.49 1718 233 19.7 1009 014 11.2 200 1192 7152
St.03 20170411 2131] 25.01] 123.00 1882] 24.6 20.7 1011 039 11.0 200 1864] 11184
St04 | 20170412 0317 24511 122.50 628 246 19.9 1013 039 8.6 200 1395] 837.0
St.05 20170412 0703] 24.51] 122.00 649] 23.9 19.2 1013 002 10.2 200 13251 795.0
St06 | 20170412 11161 24011 121.69 393| 247 20.5 1013 026 8.6 200 13521 8112
St.07 | 20170412 14111 23771 121.99 2250 24.7 20.3 1012 021 10.0 200 1337 802.2
St08 | 20170412 17381 2375 122.50 3106| 24.4 19.6 1012 045 11.2 200 1041 6246
St.09 | 20170412 2057 23.76 [ 123.00 3643] 24.5 20.3 1015 031 10.1 200 1226 735.6
St10 | 20170413 0252] 23.011] 123.00 5570 24.1 204 1014 032 9.9 200 1346 807.6
St11 20170413 0615 23.01 [ 122.50 5618[ 24.8 21.7 1015 044 7.6 200 11531 691.8
St12 | 20170413 0939] 23.01] 121.98 48421 25.0 213 1016 035 7.6 200 1076] 645.6
St.13 20170413 12561 23011 12151 2036] 246 19.8 1015 005 8.4 200 1248] 7488
St.14 | 20170413 1643] 2268 | 121.23 972| 25.1 214 1014 018 7.2 200 1460 876.0
St.15 20170413 20231 22261 121.00 1208 25.1 22.2 1015 024 8.1 200 1291 7746
St16 | 20170414 20471 2226 121.51 628] 26.5 24.1 1013 014 8.0 200 1218 730.8
St17 | 20170415 0000 22261 121.99 4564| 264 24.8 1012 351 43 200 1218] 730.8
St.18 | 20170415 0340| 22.24] 122.51 4856] 26.6 25.1 1011 170 6.1 200 17121 1027.2
St19 | 20170415 0726 22251 123.00 3500 269 26.0 1012 179 5.6 200 1600]  960.0
St.20 | 20170415 1315] 21.50 | 123.00 4946] 28.0 26.5 1012 145 6.4 200 11051 663.0
St.21 20170415 1641 21461 122,53 9782| 282 263 1011 131 9.0 200 1391 834.6
St.22 | 20170415 2110{ 2149 122.01 34721 273 25.8 1012 121 8.1 200 1302] 7812
St.23 20170416 0059] 21491 121.46 2238 27.2 253 1011 111 6.4 200 15451 927.0
St24 | 20170416 04151 21501 121.01 961{ 27.6 25.6 1010 099 9.2 200 1401[ 840.6
St.25 20170416 0914] 21.50] 12048 1534] 288 26.6 1012 099 9.2 200 12531 751.8
St26 | 20170416 1248] 21511 120.00 2943] 29.6 26.7 1011 085 8.0 200 15551 933.0
St27 | 20170416 1548] 21.51 | 119.50 2979] 29.4 26.8 1009 097 8.6 200 1394 836.4
St28 | 20170416 18461 21.50( 119.01 2794 29.1 26.9 1010 093 8.1 200 1142] 6852
St29 | 20170416 1846 22.01 | 119.01 1586| 28.1 26.8 1011 115 9.3 200 1452] 871.2
St30 | 20170417 0121 22011/ 11948 22421 281 26.6 1011 123 9.1 200 1682] 1009.2
St.31 20170417 0449] 22.00| 120.00 1166| 28.0 26.5 1009 123 8.5 200 1206 723.6
St32 | 20170417 0746] 22,00 120.50 203] 283 264 1010 112 6.1 200 1266] 759.6
St.33 20170417 1016] 2236 120.32 264| 284 269 1010 017 4.0 200 1440[ 864.0
St34 | 20170422 11421 22511 120.01 642| 27.0 229 1009 006 8.3 200 1364 818.4
St.35 20170422 1547] 22511 119.50 2221 27.1 22.8 1008 006 12.0 200 12331 739.8
St36 | 20170422 1916 22511 118.99 82| 262 209 1010 014 169 15 440 2640
St.37 | 20170422 19161 22951 119.10 28| 247 22.0 1011 022 9.7 18 129 71.4
St38 | 20170423 0154] 23.02] 119.50 701 254 223 1009 009 113 65 478] 286.8
St.39 | 20170423 0511f 23.04 119.93 114] 258 21.1 1010 022 7.0 110 839| 503.4
St40 | 20170423 0759] 23.481] 11991 107 26.0 22.8 1012 016 12.7 100 519] 3114
St41 20170423 1049] 23441 11951 58| 25.6 22,6 1012 029 11.0 45 393] 2358
St42 | 20170423 1403] 2351 119.00 51 25.0 22.0 1011 034 13.0 45 320 192.0
St.43 20170423 18001 24011 119.01 58| 245 21.1 1012 044 123 50 207 1782
St44 | 20170423 21181 2401 [ 119.50 64] 245 22.1 1013 029 9.5 50 268| 160.8
St.45 20170423 0033 24.02| 11993 44] 254 227 1012 026 6.3 38 4521 2712
St46 | 20170424 0526] 24.51] 120.50 50 255 219 1012 041 5.2 45 315] 189.0
St47 | 20170424 0842] 24511 120.50 61 252 215 1013 013 11.0 55 390] 234.0
St48 | 20170424 1149] 24501 119.51 56| 24.5 20.3 1013 013 11.0 55 563 337.8
St49 | 20170424 1739 25.00| 120.01 521 245 209 1011 028 11.5 45 247| 1482
St.50 | 20170424 20521 25.00 [ 120.51 791 247 233 1013 045 6.5 50 1527 916.2
St.51 20170424 2335] 25.101] 120.94 80| 28.7 239 1012 073 2.8 60 375 225.0
St.52 | 20170425 0330] 25511 12051 621 235 241 1011 104 2.6 55 4211 2526
St.53 20170425 0748] 26.00] 121.01 80| 25.2 24.0 1012 097 6.4 69 4131 247.8
St.54 | 20170425 1133] 25501 121.00 911 259 235 1012 263 2.2 85 7011 420.6
St.55 20170425 1414] 25491 121.50 111] 26.0 24.1 1010 286 2.0 105 1162] 6972
St.56 | 20170425 1739] 26.00| 121.48 701 25.6 229 1010 292 2.6 58 4221 2532
St.57 | 20170425 2112] 2599 122.00 102] 254 238 1011 216 47 90 7421 4452
St.58 - - - - - - - - - - - -
St.59 - - - -

St.60 - - - -
St.61 - - - -
St.62 - - - -
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