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| TAPE RECORDER!

" screening curtains

f‘zs

PILOT

flys /navigates aircraft

blows whistle at start and end of transect
uses stopwatch to check navigation

SURVEY LEADER

manages survey: records aircraft height,
landmarks, Beaufort Sea state,
standardized observations of rear-seat
observers into data-logger

MID-SEAT OBSERVERS
( can communicate only with each
other during transects )

REAR-SEAT OBSERVERS

( can communicate only with each
other and Survey Leader during
transects )

All members wear polaroid sunglasses
.......... - track A of intercom
/ tape recorder

——— track B of intercom

/ tape recorder

(Pollock et al. 2006) ©
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Rapid changes in environmental factors could affect the distribution of
Taiwanese humpback dolphins (Sousa chinensis taiwanensis) off the coast
of Yunlin, Taiwan

Chi-Hung LIN, Lien-Siang CHOU"

Institute of Ecology and Evolutionary Biology, National Taiwan University, Taipei, Taiwan.
“Corresponding author’s e-mail: chouls@ntu.edu.tw

(Manuscript received 6 November 2021: Accepted 6 April 2021: Online published 18 April 2021)

ABSTRACT: A small population of fewer than 80 Sousa chinensis taiwanensis inhabits the western coast of Taiwan. To explore
the relationship between environmental factors (water depth, temperature, salinity. turbidity. and pH) and distribution patterns of
dolphins. this study was conducted in Yunlin. which has been one of the population’s core areas despite being subject to heavy
industrial development. 242 day-surveys were conducted along four parallel transect lines between 2008 to 2018. during which
sightings of 274 dolphin groups of this species were recorded. The standardized dolphin sighting rate (groups/100km) was used as
an index for comparison. Contrasting to the roughly steady distribution in east-west gradient, the north-south gradient exhibited
substantial and varied temporospatial changes among three sections (north. middle. and south) off the coast of Yunlin and among
three periods. Dolphin sighting rate during spring-summer was significantly higher than that during Autumn-winter. Taking data
from inshore surveys for long term comparison. we found that sighting rates at the middle section remained high and relatively
stable (around 2-4.6). whereas the rates in the other two sections exhibited opposite trend with high fluctuations. e.g. drastically
fluctuated between 0-3.4 in the northern section, while from 3.36 declined to 0.35 in the southern section. We further discovered
that rapid changes in three environmental factors, including turbidity. pH. water depth and construction disturbance. could play key
roles on dolphin distribution patterns. and can serve as good indicators for habitat suitability for this vulnerable subspecies.
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Fig. 3. The difference in dolphin sighting rate was significant
among the four seasons (Kruskal-Wallis test, p < 0.01). Further
pair comparison revealed that significant differences were
observed for spring—autumn and spring—winter pairs (Mann-

2008

2009

2010 2012 2013
Years

2014

2016 2017

. Whitney test, p = 0.02, p = 0.03) and for summer—autumn and
2018 summer—winter pairs (Mann—-Whitney test, p = 0.01, p = 0.01).
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Table 3. Measurements of five environmental factors (temperature, salinity, depth, pH, turbidity) collected at measuring stations at three
sections (YLN, YLM, YLS) during three periods (1, II, and Ill) and the dolphin sighting location (S).

mean + SE mean + SE mean + SE mean + SE mean + SE
(median, min-max) (median, min-max) (median, min-max) (median, min-max) (median, min-max)
29.510.07 32.55+0.08 13.45%0.37 7.89%0.008
D390 098 208337) %0 (328 175345) 0 (11.8,1.3-38) 1 (8.06,7.31-8.28) NA
29.0+£0.09 31.85+£0.11 9.32+0.3 7.99%0.008 22.9612.77
VENT628 o3 148338 °2° (326 15-349) 0 (64.1232) °' (8.04,7.3828) °°° (10.7,1.04-928)
28.77+0.10 32.68+£0.11 9.89+0.24 8.1£0.04 16.15%1.45
29.2+0.08 32.62+0.07 12.44+0.18 8.1£0.003
| 88 0962053200 1 (328 268349) % (1217208 ¥ (s.11.7.6:829) NA
28.4+0.09 32.43£0.05 12.0£0.16 8.09+0.003 9.41+0.28
YLMII 664 - 087 187-327) ®%° (326,239349) °%°  (125.36206) °F°  (8.1,7.65828) -0 (7.85,1.06-57.9)
28.410.10 32.90+0.05 11.5+0.11 8.14+0.002 9.06+£0.29
WO pormisy M e4.200349) ' 2331218 " 81578829) ° (674,155811)
29.5+0.07 31.85+0.08 7.32+0.13 8.10+£0.004
' 792 099 203326) (%% (322,189-349) O (6508192 °F  (8.11,7.8-8.29) NA
28.6£0.10 31.66+£0.06 7.9120.13 8.09+0.003 13.22+0.55
VLS 782 593 182337) 717 (31.8,255346) o0 (82.1421) °° (809,7.74-829) °V (104, 07-262)
28.6£0.10 32.11£0.06 8.42+0.09 8.13£0.003 12.72+0.45
W27 93 1733) 9% (327.244349) %° (885 1721) °%° (s14.763820) %° (3.89,207-206)
28.8£0.03 32.284£0.03 10.02+0.07 8.09+0.001 13.92+0.50
Total 8592 253 14.833.9) 920 (339,54-349) O°° (850538 0 (81573820 T1°' (10.1,0.24-928)
29.240.13 32.55+0.12 7.98%0.28 8.11%0.01 8.7610.67
S 2 597 138339) %% (332, 255349) Y% (75,1.6-32.2) 0 (813,7.6837) |0  (6.85 2.23-51)

NA: not available, turbidity measurements began in period |l
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Temp. DO Sal. Tur. pH Rainfall Runoff Chl, NPP

Temp. 1 -0.86"  -0.65  -0.91*" 0.18 0.61 0.61 0.68 0.57
DO 1 0.60 0.69 -0.002 -0.65 -0.59 072 -0.51
Sal. 1 0.52 0.14 H88" 089" -0.57 -0.45
Tur. 1 -0.50 -0.46 -0.46 -0.74" -0.78°
PH 1 -0.24 -0.31 0.55 0.69
Rainfall 1 0.98" 0.40 0.33
Runoff 1 0.32 0.24
Chl, 1 0.88"

NPP

* p <0.05 ; **p<0.01
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h Principal comjonent analysis (PCA) of environmental factors.
Factor 1 Factor 2 Sighting rate Bl Blr
° Temperature —-0.9 0.05 079" 0.77" 0.68
%_ Salinity 0.79 —0.47 —0.34 —0.38 —0.66
& Ph -0.3 —0.88 0.47 0.38 0.35
%‘ < Turbidity 0.87 0.25 —0.83"* —0.78 —0.57
‘g Dissclved oxygen 0.86 —0.14 —0.76" —0.7 0.7
= Chlorophyll a —0.87 —0.37 0.68 0.58 0.95*
Rainfall —0.74 —0.61 0.47 0.51 0.47
Runoff —0.69 0.68 0.37 0.4 0.41
NPm —0.78 -05 0.69 0.61 0.75*
Eigen value 6.65 2.36
™ 9%Total variance 60.48 21.42

-1.0 0.5 0.0 *p < 0.05 and *"p < 0.01. The results indicated that the eigenvalues of Factors 1 and 2 could explain 82% of the total variance. The data indicated correlations between

Factor 1 - € the sighting rate, behavioral index of foraging (Blg), and behavioral index of traveling (Blt) and environmental factors.

FIGURE 3 | Principal component analysis of the environmental factors. The
analysis revealed that Factor 1 was mainly loaded by rainfall, runoff,
temperature, and chlorophyll a concentration, whereas Factor 2 was only
influenced by pH. Dolphin activities, as indicated by the sighting rate, foraging,
and traveling activity, were significantly related to Factor 1.
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