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Variation in early life-history traits has profound effects on population dynamics.
For example, pelagic larval durations (PLDs), which change under the environmental and
biological influences, determine growth and survival of fish. However, as few studies
compare the effects of environmental and biological factors on PLDs, it remains unclear
the relative effects of these factors on variability of PLDs. Here, we surveyed 6 small
benthic fish (Abudefduf sordidus, Bathygobius fuscus, Bathygobius cocosensis,
Istiblennius edentulous, Istiblennius lineatus, Praealticus striatus) in the intertidal zone
of the northern and southern coasts of Taiwan (ST and NT), estimating PLDs of individual
fish based on otoliths. We explored: 1) the effects of temperature on interspecific and
intraspecific PLDs, accounting for the effects of regions, hatching seasons, and body size;
2) the effects of temperature and phylogeny on PLDs. Since the latitudes and seasons of

our study design encompass a broad range of temperature (15.4-30.7°C), we hypothesize

that the effects of temperature on intraspecific PLDs vary between regions and hatching
seasons: that is, the effect of temperature on intraspecific PLDs vary between ST vs. NT
(or warm vs. cool season). Body size and phylogeny may also affect PLDs when
temperature is considered: i.e., smaller species have shorter PLDs, and that similarity of
PLDs may resemble the phylogenetic relationships among species. Our analysis shows a
consistent effect of temperature on the intraspecific PLDs of the 6 species . However, the
effect of increasing temperature on PLDs was positive in ST (or warm season) (slope of
ST was 0.001 (0.01 in the warm season days/°C)) but negative in NT (or cool season)
(slope of NT was -0.005 (cool season was -0.002 days/°C)). In addition, body size and
phylogeny did not further explain variation of PLDs among species when accounting for

temperature. These results indicate that rising temperature in the warm season may lead
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to prolonged PLDs for our study fishes. Whether such differential temperature effects
lead to different population dynamics between seasons require to be assessed. Through
investigating the sensitivity of PLDs to temperature, our research will advance forecasting

of the impact of ocean warming on coral reef fish.

Keywords: reef fish, recruitment, pelagic larval duration, temperature, phylogenetic

generalized least square
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BRGHAS Syt s EF Levh AIRE T LR ESS 4L ELRSE
L3R b s (White et al. 2015) > e F i anE AR+ > F 3 JINF T ER
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B ndL #4433 (Murase et al. 2013) © &8 > 4 FAEF b 8F ¢ 35 Istiblennius
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(3a) A. sordidus (3b) B. fuscus

26

doi:10.6342/NTU202204252



B 3.4

(3¢) B. cocosensis (3d) L. edentulous
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B 3. &4
(3e) I lineatus (31) P, striatus
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R

21, Fxh> A0 EPFBof AT L E 4 55 F ko Total samples & 2 B =B ED|enth 4 > FIAkAE S > FIPEE
subsample {8 > & * GBcE LT #cF o A sordidus i€t ABic (N) 5 162 & 5 B. cocosensis 5 266 & ;5 B. fuscus
5 258 & 5 I edentulous 5 277 & ; I lineatus 5 87 & P striatus 5 111 & o 2 = F e 7 3 4 ¥ (day) foin's pren
£ & (mm) -

A. sordidus
. Total Hatching Total length Range of Range of settlement
Region Year Sagl\%les Season Age (day) (mm) PLD (day) length (mm)
NT 2015-2021 87 Warm (47) 28-90 17.0-67.9 18.0 - 31.0 12.65 —28.96
Cool (21) 32-96 17.0-72.0  20.0-30.0 15.63 - 34.61
ST 2018-2021 183 Warm (38) 31-99 17.0-82.0 19.0-27.0 12.83 -24.48
Cool (56) 37-123 23.0-83.7 18.5-33.0 10.70 - 26.14
B. cocosensis
. Total Hatching Total length  Range of =~ Range of settlement
Region Year Sagl\%les Season Age (day) (mm) PLD (day) length (mm)
NT 2019-2020 328 Warm (50) 44 - 143 17.0-52.0 20.0-26.0 4.81-11.49
Cool (27) 47 - 140 29.0-56.0 21.5-25.5 7.89 - 11.51
ST 2018-2020 770 Warm (76) 41 - 115 16.0-61.0 19.0-29.0 578 -11.43
Cool (113) 39-136 7.0 - 60.0 18.0-29.5 6.41-11.89
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B. fuscus

. Total Hatching Total length  Range of = Range of settlement
Region Year Sagg))les Season Age (day) (mm) PLD (day) length (mm)
NT 2017-2019 328 Warm (119) 39-156 16.0-85.0 9.5-31.0 6.10 - 13.58
Cool (81) 53-204 18.0-81.0 16.7-30.0 7.89 - 11.51
ST 2016-2020 770 Warm (39) 37-254 15.0-758 18.5-37.0 8.39-15.27
Cool (19) 31-234 20.0-98.2 18.5-34.0 6.31-17.18

L edentulous

. Total Hatching Total length  Range of =~ Range of settlement
Region Year Sagl\%les Season Age (day) (mm) PLD (day) length (mm)
NT 2015-2020 570 Warm (83) 33-161 19.0-132.0 15.0-30.0 6.28 - 27.62
Cool (67) 44 -159  28.6-119.0 14.0-34.0 7.03 - 26.04
ST 2018-2021 348 Warm (54) 14-311 20.0-110.0 15.0-37.0 4.36-19.29
Cool (73) 30 - 141 19.0-115.0 14.0-32.0 8.23-19.59
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L lineatus
. Total Hatching Total length  Range of = Range of settlement
Region Year Sagg))les Season Age (day) (mm) PLD (day) length (mm)
NT 2019-2020 58 Warm (18) 54 - 137 51.0-100.0 22.5-32.0 13.25 - 27.65
Cool (9) 43-90 39.2-92.0 21.0-28.0 11.95-32.08
ST 2018-2020 546 Warm (31) 51-128  25.0-102.0 15.0-29.0 8.06 -21.35
Cool (29) 32-123  29.0-100.0 19.5-36.0 7.21-25.92
P, striatus
. Total Hatching Total length  Range of =~ Range of settlement
Region Year Sagl\%les Season Age (day) (mm) PLD (day) length (mm)
NT 2019-2020 85 Warm (29) 45 -105 39.0-82.0 18.0-29.0 11.03 - 30.58
Cool (1) 60 17.0-599 21.0-21.0 12.39 - 12.39
ST 2018-2021 557 Warm (39) 45 - 143 17.0-81.1 16.0-29.5 6.05-21.14
Cool (42) 26 - 102 19.2-843 14.0-26.0 4.27-122.00
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4 2. PR LA 4 > L AlCscore K EH B EHT - F BHA SRS E L 248 (PLD) p %E 5%

B FEL AT e )Y oS 0 HY 1 A A FH E 0 3c» Temperature # r A F B REEY 7 BT o ki
WA ek F Ao o

Response Models df logLik AIC

PLD Temperature + (1|Species) 4  536.88 -1065.8
Temperature + (1/Season) 4 516.93 -1025.7
Temperature + (1|Region) 4 509.53 -1011.1
Temperature + (Temperature|Species) 6 54222 -1072.4
Temperature + (Temperature|Season) 6 538.73 -1065.5
Temperature + (Temperature|Region) 6 541.56 -1071.1
Temperature + (1|Species) + (1|Season) 5 554.65 -1099.3
Temperature + (1|Species) + (Temperature|Season) 7 572.96 -1131.9
Temperature + (Temperature|Species) + (1|Season) 7 557.16 -1100.3
Temperature + (Temperature|Species) + (Temperature|Season) 9 57435 -1130.7
Temperature + (1|Species) + (1|Region) 5 549.79 -1089.6
Temperature + (1|Species) + (Temperature|Region) 7 58143 -1148.9
Temperature + (Temperature|Species) + (Temperature|Region) 9 579.14 -1140.3
Temperature + (Temperature|Species) + (1|Region) 7 55475 -1095.5
Temperature + (1|Season) + (1|Region) 5 527.56 -1055.1
Temperature + (1|Season) + (Temperature Region) 7 551.55 -1103.1
Temperature + (Temperature|Season) + (Temperature|Region) 9 560.88 -1121.8
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2. By

Response Models df logLik AIC
Temperature + (Temperature|Season) + (1|Region) 7  550.60 -1101.2
Temperature + (Temperature|Species) + (1|Season) + (1|Region) 8 55997 -1103.9
Temperature + (1|Species) + (Temperature|Season) + (1|Region) 8 578.55 -1141.1
Temperature + (1|Species) + (1|Season) + (Temperature|Region) 8 587.56 -1159.1
Temperature + (1|Species) + (Temperature|Season) + 10 593.30 -1166.6
(Temperature|Region)

Temperature + (Temperature|Species) + (1|Season) + 10 589.39 -1158.8
(Temperature|Region)

Temperature + (Temperature|Species) + (Temperature|Season) + 10 576.48 -1133.0
(1|Region)

Temperature + (Temperature|Species) + (Temperature|Season) + 12 584.49 1145.0

(Temperature|Region)
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3 3. B AMEERZ AR ERME L BT

( Temperature | Region)

\\\f,.r

#e:

Formula: log (PLD) ~ Temperature + ( 1 | Species) + ( Temperature | Season) +

Fixed effect Estimated coefficient SE t value p value
(Intercept) 3.13 0.031 101.74 <0.0001
Temperature 0.0037 0.0083 0.45 0.682
Random effect Variance Std.Dev p value
Species 0.00356 0.0596 <0.0001
Season 0.00051 0.0285 <0.0001
Region 0.00028 0.0228 <0.0001
Marginal R? 0.0078
Conditional R? 0.2474
43
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# 4. 4% Tukeytest % 6 B P P A b Hit F & oy Fnp fAp T155 d DR R -

Regional difference in mean PLDs for species

Season Region pair A. sordidus B. cocosensis B. fuscus
Difference p-value Difference p-value Difference p-value
Warm ST-NT 1.6114 <0.01 1.1559 <0.01 7.0851 -
Cool ST-NT -0.8832 0.217 0.5022 0.279 1.7500 <0.01
1. edentulous L lineatus P, striatus
Warm ST-NT 2.3434 <0.01 -2.0412 <0.01 1.4717 0.059
Cool ST-NT -1.3097 0.075 2.1054 0.079 2.1054 0.079
Seasonal difference in mean PLDs for species
A. sordidus B. cocosensis B. fuscus
Season pair Region
Difference p-value Difference p-value Difference p-value
Warm-Cool NT -2.9772 <0.001 -0.9397 <0.01 -2.2731 <0.001
Warm-Cool ST -0.4826 0.35 -0.2859 0.429 3.0619 <0.01
1 edentulous L lineatus P striatus
Warm-Cool NT -1.1941 0.095 2.2222 <0.05 1.3103 0.6276
Warm-Cool ST 2.4589 <0.01 -1.9244 <0.05 2.4249 <0.05
44
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% 5. 1% Tukeytest # 5k % it & ek R pF > 2 b2 BFenT o £ A (mm) %R o

Difference in mean settlemet size among Family

NorthernTaiwan SouthernTaiwan
Season Family pair
Difference p-value Difference p-value
Warm Pomancentridae-
9.9878 - 9.249 0.058
Gobiidae
Pomancentridae-
0.8267 0.334 3421 0.020
Blenniidae
Gobiidae-Blenniidae -9.161 - -5.827 0.851
Cool Pomancentridae-
14.484 - -0.178 0.944
Gobiidae
Pomancentridae-
4.283 <0.001 0.115 0.975
Blenniidae
Gobiidae-Blenniidae -10.201 - 0.293 0.759
45
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a2 PR AT AH SRR 2R ERPEEAIF A .

Random effects

Species Intercept (log( PLD)) Slope ( day/"C)
A. sordidus 3.10 0.0037
B. cocosensis 3.13 0.0037
B. fuscus 3.05 0.0037
L. edentulous 3.17 0.0037
L lineatus 3.22 0.0037
P, striatus 3.09 0.0037
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a3 P RS AT AP EERZREMEEAIF A -

Region random effect

Region Intercept (log( PLD)) Slope (day/°C)
Northern Taiwan 3.12 -0.0048
Southern Taiwan 3.14 0.0012

Season random effect
Season Intercept (log( PLD)) Slope (day/"C)
Cool 3.15 -0.0024
Warm 3.11 0.0099
48
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