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(A) Mola ramsayi

(B) Mola mola

(C) Masturus lanceolatus

(D) Ranzania laevis

Fig. 1 Photos of different sunfish species. (A) Mola ramsayi (TL: 150 cm); (B) Mola mola (TL: unknown); (C) Masturus
lanceolatus (TL: 47 cm); and (D) Ranzania laevis (TL: 57 c¢m) (Photo sources of Mola ramsayi and Mola mola:

http://fishdb.sinica.edu.tw, accessed November 30, 2017).
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Fig. 3 Diagram showing the measurement of Molidae
length.
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Fig. 4 The annual catch weights (in tons) of Molidae landed for Hualien fish market and Shingang fish market from
2008 to 2016. (Sources: Hualien Fishermen’s Association and Shingang Fishermen’s Association, 2016).
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Fig. 5 Monthly variation of Molidae catch weights (in tons) for (A) Shingang fish market and (B) Hualien fish market.
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Fig. 6 Frequency distribution of standard length of Mola spp. and Masturus lanceolatus measured in (A) in Shingang

fish market, and (B) Hualien set nets.
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Table 1 The catch and size ranges of Molidae in Shingang fish market from 2015 to 2017. Sea surface temperature

values sourced from Central Weather Bureau, Taiwan

Standard length (cm)

Standard length (cm) Temperature (°C)

Species Month

Number

min-max mean =+ SE meanz SE

Mola spp. Jan. 1 142.0 - 23.8+0.5
Feb. 3 105.7-160.0 136.3 + 27.8 23.5+0.5
Mar. 8 120.0-174.2 151.4 £ 20.1 24.2+0.4
Apr. 3 67.5-147.0 96.2 + 44.1 25.2+0.7
May 6 99.0-138.0 127.0 = 14.1 26.5+0.4
Jun. 8 145.0-155.0 149.4 + 3.5 27.7 £0.9
Jul. 0 - - 29.0+£0.5
Aug. 4 136.0-187.0 162.1 + 20.8 29.3+0.7
Sep. 9 78.0-156.0 127.2 +26.9 29.6 £0.3
Oct. 3 81.0-157.0 109.7 £41.3 28.4+1.0
Nov. 1 85.0 - 26.7 £ 0.4
Dec. 0 - - 245+ 0.5
M. lanceolatus Jan. 49 76.0-170.3 103.9+12.7 23.8+0.5
Feb. 41 48.9-116.5 98.9 +£13.9 23.5+0.5
Mar. 14 46.0-141.5 91.4 +28.8 24.2+0.4
Apr. 29 56.0-157.0 107.8 + 25.5 25.2+0.7
May 14 62.0-135.0 105.0 + 25.8 26.5+0.4
Jun. 14 68.0-129.0 96.2 +17.1 27.7 £0.9
Jul. 9 82.0-121.0 946 +11.4 29.0 £ 0.5
Aug. 23 84.0-150.0 110.3 = 20.7 29.3+0.7
Sep. 19 36.0-137.0 95.8 +21.7 29.6 £0.3
Oct. 4 44.0-77.0 61.7 £13.5 284+1.0
Nov. 10 47.6-100.5 69.7 £ 31.5 26.7 £ 0.4
Dec. 1 106.0 - 245+ 0.5

2/ [NY 100 ecm AR 200 em (B HA MR 2AIE %)
(Yoshita et al., 2009) (Table 4) - ifFZefgH H AN F
FreEma s - HipiiFEYe% - e iE
R T IS - R HUR T 2 RO AR N - HLAR
PR AR JECRH AR U s SR AR H A sth e R E M6 2%
CLAE S H R 2 R AETNE » 0 H A st i
F T L s 2 R R B P A T S HE A O 40
#8 (Parsons et al., 1984; Shimizu et al., 2001; &M,
2003; Nakatsubo et al., 2007) 2 EEFH =R fili £ o fifith
W YRCERIR D EEER/KIR BB R/ MR 30 cm
fyshite (King, 1950) 5 75 HAt st Frac SR E i A e
EMF iR 170 cm (Arau’jo et al., 2010) »

11T 22 8 3 6 i B 5% 28] A K A8 R 1 O B 0 o Ml Ry
382 cm - FEHEMIERS R Z /ML 80 - 120em > K S -

11 g4 ES (Liu etal., 2009)

AR E i SR 2 B R E R g R SR
) > JHLER SRBAEE 2 R PR MR AR - A0
(Lutcavage et al., 1999) - @l fE 2 (Sedberry and
Loefer,2001) Ei7Ri#sE (Mansfield etal.,2009) £ »
1t ARTE I RER T #R B /R B AR - it
o B el Ao e B T T KR A e R T A 26
S - FEELI R R /KRB RAYERSR - iR IR
FEARHA 25 °C iyiigtek » H H AR R St TR
HEEAE 15 - 18 °C BRI % - HEHIZZE R
VSR e R Y I SR B BRI /K IR AR (Lee,
1986; Sims and Southall, 2002; Dulcic et al., 2007,
Fulling et al., 2007; Sims €t al., 2009a, b; Potter and
Howell, 2011; Potter et al., 2011; Thys et al., 2017) -
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Fig. 8 Standard length frequency of Masturus lanceolatus measured in Shingang fish
market (left) and Hualien set-nets (right).
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ﬁfﬁﬂ’ﬁ@E%‘l‘iBﬁﬂ AR 7K IR R R I 2 BT

ITHIE > B TE T FTRERT H B AR5 SRR 17K
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Table 2 The catch and size ranges of Molidae in Hualien set-nets from 2003 to 2011. Sea surface temperature values
sourced from Central Weather Bureau, Taiwan

Standard length (cm)

Standard length (cm)

Temperature (°C)

Species Month Number min-max mean + SE mean= SE
Mola spp. Jan. 179 69.0-245.5 121.4 +£42.1 20.7 £ 0.9
Feb. 59 85.5-234.3 164.9 +37.4 21.4+£0.9
Mar. 51 80.0-313.7 164.2 + 40.2 21.2+1.6
Apr. 80 143.4-250.9 180.9 + 38.1 22.7+£0.9
May 42 73.2-225.6 180.0 + 31.7 25.1+£0.6
Jun. 20 46.2-219.4 176.9 + 30.9 26.7 £ 0.7
Jul. 6 97.7-204.9 151.6 +43.7 27.7 £1.1
Aug. 2 170.7-193.4 182.0 +16.0 27.8 £0.6
Sep. 4 162.3-198.8 179.1 £ 15.2 27.7 £0.7
Oct. 11 141.3-195.5 1719+ 17.3 26.4 £ 0.5
Nov. 18 101.3-192.6 145.7 + 34.2 244 +£1.2
Dec. 25 34.8-217.0 166.4 + 40.0 214 +1.7
M. lanceolatus Jan. 9,404 16.7-198.8 102.2 £+ 16.0 20.7 0.9
Feb. 4,566 42.9-204.6 100.8 +17.0 21.4+£0.9
Mar. 2,656 44.6-252.1 101.6 + 20.0 21.2+1.6
Apr. 1,950 44.6-213.1 116.9 + 27.3 22.7 £0.9
May 1,937 42.9-198.8 126.1 + 26.2 25.1 £0.6
Jun. 992 52.0-206.9 115.7 + 26.2 26.7 £ 0.7
Jul. 729 49.2-191.6 114.1 £ 20.2 27.7 1.1
Aug. 290 55.8-170.7 101.6 £9.5 27.8 £0.6
Sep. 840 54.6-206.5 90.5 £19.2 27.7 £0.7
Oct. 1,828 44.6-180.0 98.1 £18.9 26.4 £ 0.5
Nov. 2,847 29.5-228.2 104.1 £ 20.5 244 1.2
Dec. 2,044 42.0-193.4 107.6 + 18.6 214 +1.7
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Fig. 10 Size compositions of (A) Mola spp. and (B) Masturus lanceolatus among different

sea surface temperatures.
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Table 3 Chi-square test results of the catch abundance of Mola spp. and Masturus lanceolatus at different sea surface
temperatures in Hualien set-nets and Shingang fish market

Area Species Name N df x 2 value p value
Total individual 46 7 10.6 0.15
<120 cm 10 5 2 0.84
Mola spp.
120-200 cm 36 7 8.44 0.29
> 200 cm 0 - - -
Shingang
Total individual 227 6 54.5 <0.01
<80 cm 33 5 4.6 0.46
M. lanceolatus
80-160 cm 193 6 54.2 < 0.01
> 160 cm 1 - - -
Total individual 497 11 839.4 < 0.01
<120 cm 138 8 581.4 < 0.01
Mola spp.
120-200 cm 308 10 203.7 < 0.01
> 200 cm 51 9 31.5 < 0.01
Hualien
Total individual 30,083 12 71,296.1 < 0.01
<80 cm 2,595 12 4,689.7 < 0.01
M. lanceolatus
80-160 cm 25,219 12 67,516 < 0.01
> 160 cm 2,268 11 405 < 0.01
Table 4 The records of Molidae sizes for different regions and sea surface temperatures
Species Region Body size (cm)  Temperature (°C) Reference
Yoshita et al. (2009)
Mola spp. Japanese coast <50-300 11.5-25.6 Sawai et al. (2011)
New Zealand 37-236 Paulin et al. (1982)
Hualien set net 34.8-313.7 20.7-27.8 This study
Shingang 67.5-187 23.5-29.6 This study
M. lanceolatus ~ South America coast 93-170 Arau’ jo et al. (2010)
New Zealand 200 Paulin et al. (1982)
y King (1950)
Hawaiian waters <30 Balart et al. (2000)
Nanfanao and Hualien 40-160 Liu et al. (2009)
Kuronuma (1940)
Japanese coast 20-49 /IMEEE (2016)

EFFELIE (2017)

B SUREAE 8 - 10 °C (Hays et al., 2009; Thys et al.,
2015) - i SRR K IRAE A SRR IR K
KSR AT 3% 20 - 21 °C (Tables 1, 2) » /M
AR DE I B R R -

B Ao FE R R A i O LR

fEvgTEIZK I 21 °C DU EREREEh > PLIT SRS el
Seitz et al. (2002) WFsefGEmtHA - FH o EME
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ABSTRACT

Sunfishes (Molidae) comprise the largest bony fishes inhabiting the epipelagic to mesopelagic realms in
tropical and temperate ocean regions. Sunfishes are principally bycatch species captured by longline, harpoon,
drift net, and set net fisheries in eastern Taiwan. To fill in some of the necessary gaps in the knowledge of sunfishes
for local fisheries management, we investigated variability in species composition, abundance, size composition,
and the possible correlations of these phenomena with sea surface temperature (SST) in eastern Taiwan. Fishery
data regarding sunfishes was collected from Shingang fish market, Taitung, from January 2016 to October 2017,
and from the set-net complex, Hualien, from January 2003 to December 2011. The species comprised Masturus
lanceolatus (80%) followed by Mola spp. (20%). The species abundance, average standard length, and size
composition exhibited seasonal variability, with the abundance reaching a peak in winter when the SST was low.
Small, immature individuals first appeared in winter, and then the number of fish caught decreased sharply in
summer while the proportions of the largest individuals were highest in summer. The catch number of Masturus
lanceolatus was highest in winter and late spring/early summer, and it was caught mainly at water temperatures
above 20 °C. Variability in the catch data, a proxy of population dynamics, appeared to be closely associated with

water temperature, the life history traits of the fish, and their migratory behavior.

Key words: Mola spp., Masturus lanceolatus, seasonal variation, size composition, sea surface
temperature
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