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Bopyrid isopod is a marine parasite known to infest decapods such as crabs and shrimps. It’s life history is
unique for having two crustaceans as intermediate and definitive host. The three stages in the life cycle of the
bopyrid isopods includes epicaridium, microniscus and cryptoniscus. The mature female bopyrid releases
epicaridium larvae that attach to copepods as their intermediate hosts. These larvae feed on the hemolymph of the
host copepods and metamorphose into microniscus larvae. The microniscus larvae then leave the copepods and
metamorphose into cryptoniscus larvae, which in turn attach to the definitive host. They occur in the branchial
chamber of crabs or shrimps, however, there are some bopyrid that attaches to the abdomen of the host depending
on the sub-family. Some bopyrid species in the high latitudes infest numerous hosts while species in the warmer
seas are restricted to three or fewer host species. High diversity of bopyrids can be found in the warmer regions
along the Indo-Malay-Philippines archipelago. There are 605 species of bopyrids (as of 2012) recorded and the
number may have increased at present. In Japan, 15 species of bopyrid has been recorded infesting brachyuran
crabs, however, reports are limited on taxonomic descriptions but ecological or host-parasite relationships are rarely
investigated particularly on bopyrid infesting brachyuran crabs.

This study has elucidated parasitic effects of bopyrids infestation on four brachyuran crabs found in Western
Japan, recorded new locality for two previously recorded bopyrids, and revealed the life history of a bopyrid.

Brachyuran crabs include the varunid crab Gaetice depressus infested with bopyrid Megacepon goetici (Kii
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Channel, Wakayama Prefecture), varunid crab Hemigrapsus takanoi infested with Megacepon sp. (Uranouchi Inlet,
Kochi Prefecture), portunid crab Charybdis bimaculata infested with Allokepon hendersoni (Tosa Bay, Kochi
Prefecture) and goneplacid crab Carcinoplax longimanus infested with Gigantione tau (Tosa Bay, Kochi
Prefecture).

From the four brachyuran crabs, G. depressus (n = 1,694), H. takanoi (n = 607), C. bimaculata (n = 2,601),

and C. longimanus (n = 310), parasitic rate of bopyrid infestation was 3.60%, 4.61%, 0.55%, and 18.1%,
respectively. Prevalence was not different between male and female host crab for G. depressus, H. takanoi, and C.
longimanus except for C. bimaculata. Parasitic effect on the weight of male host G. depressus infested with M.
goetici, H. takanoi infested with Megacepon sp., C. bimaculata infested with G. fau and C. longimanus infested
with A. hendersoni was detected. Similarly, the reduction of weight was also evident on the female host of these
brachyuran crabs (except for C. bimaculata due to a small number of female samples). Effect on weight of male
and female host crab caused by the bopyrid was not investigated from the previous reports on brachyuran crabs.
However, the author has associated this on nutritional drain on the host. Nutritional drain can be attributed to the
feeding activity of the bopyrid in the hemolymph of the host. The feeding activity of the bopyrid caused nutrient
drain or imbalance on the host crab affecting its natural growth not to mention the associated depleting effect on
titers of reproductive hormones that may affect host reproductive activity. This negative effect on the host weight

was the first report for brachyuran crabs infested with bopyrid isopod.

Bopyrid infestation caused negative effect on the secondary sexual character (chela) and abdomen width of
male host crab. Reduction in the cheliped height was observed in male host of H. takanoi, C. bimaculata, and C.
longimanus except for G. depressus. On the other hand, effect on abdomen width was evident on male hosts of G.
depressus, H. takanoi, and C. bimaculata except for C. longimanus. Previous reports have indicated that negative
effect on the secondary sexual character of male host was a result of the combination of nutrient drains, disruptions
of the endocrine system, and secretion of gonad inhibiting hormones (GIH) by either the host or the parasite,
though, physiological mechanism of these are not yet clear. The recent findings on the enlargement or feminization
of male abdomen by bopyrid on pinnotherid crab (Yasuoka and Yusa 2017) brought us to investigate the effect on
male abdomen on four studied crabs, however, enlargement of male abdomen was not observed.

Castration in female host was likely observed for G. depressus and C. longimanus due to the absence of
parasitized ovigerous female (H. fakanoi and C. bimaculata was not investigated due to a small number of
parasitized female crabs). This negative effect on the reproductive capacity of female can be explained by the
depleting titers of reproductive hormone and secretion gonad inhibiting hormones (GIH) by either parasite or the
host. But as mentioned earlier, mechanism of these are still unclear.

The association of another parasitic castrator, the rhizocephalan barnacles, in C. bimaculata was also
investigated on its parasitic effect and compared with the degree of parasitism with bopyrid isopod. Interestingly,
the impact of infestation of either bopyrid and rhizocephalan on the host weight and secondary sexual character does
not differ between them. However, both parasite have different impact on the abdomen of female host. Bopyrid
reduces the size of female abdomen but the rhizocephalans caused an enlargement to the female abdomen. The
author have concluded that the difference on the impact of infestation on the female abdomen may be because of
the difference on their life history.

Collected number of parasites of M. goetici was sufficient enough to identify its life history stages. The

following life history was identified for the female bopyrid of M. goetici: 1) cryptoniscus, attached to the female’s
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pleopods with elongated body, 2) undifferentiated larvae, attached to the tip between gill lamellae with prominent
antennae and uropods with seta, 3) early juvenile female, found in between gill lamellae, with distinctive female
features such as pleopods and uropod, 4) juvenile female, found on top of gill lamellae, segments of pleomeres are
distinct, with oostegite partially but not completely closed, and 5) mature female, those with completely closed
marsupium and with well-developed dorsal bosses. Breeding season of the parasite starts in spring season and ends
in autumn. It was noticeable the declining ovigerous parasite from spring to autumn and eventually disappearance
in the winter. It islhypothesize that cold temperature could halt the oviposition of egg. Settlement of bopyrid was
also observed from spring to autumn. Difference on infestation was observed for the bopyrid M. goefici and G. tauw.
Early infestation was observed for G. fau. This was apparent due groupings of immature, juvenile and mature
parasites in a succeeding order towards the larger sized crabs. This was also supported by the positive correlation
between the size of the host and the parasite. A different case was observed for M. goetici. The wide distribution of
immature parasite of M. goetici suggested that infestation was not limited on small crabs.

Finally, the present study have reported new locality of two studied bopyrid. Allokepon hendersoni added
Tosa Bay in Japan as new locality which was previously collected in Bengal Bay and East China Sea. Gigantione
tau added Tosa Bay and Wakasa Bay as locality which was also previously collected in East China Sea. The
undescribed bopyrid of H. takanoi was also the first bopyrid parasite of Hemigrapsus crabs, that should be studied
in detail in future.

Infestation of the bopyrids significantly affected the morphology and reproductive capacity of selected
brachyuran crabs in Western Japan. However the low prevalence of parasites may not have significant effect on the
population of brachyuran crabs, as a whole. However, studying parasitic effect on the crab population cannot be
ignored because of the potential of affecting the host population, as observed in the extiction of shrimp population

in the United States caused by infestation of an introduced bopyrid.
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Chapter 1: General Introduction

The persistent increase in ocean temperatures globally significantly affected the range distribution of
most tropical marine organisms, causing range shifts on species sensitive to sea surface temperature (SST)
increases—if nof adapting—to avoid extinction (i.e., range contraction). However, most tropical reef fishes
expanding ranges experienced conditions outside from their native range, e.g., different habitat structure, high
thermal variability. Hence, this may require strategies and traits, e.g., ecological generalization, phenotypic
plasticity, and physiological tolerance, to survive, adapt, and successfully colonize marginal novel
environments.

Many of the tropical reef fishes were observed in temperate waters as a response to the favorable
condition of the coral-tropicalized reef habitats, which have successfully expanded ranges consequent to the
persistent ocean warming. However, the role of reef habitats in organizing the successful expansion of tropical
marine organisms remains unresolved. In which, the lack of suitable habitat may potentially limit the range-
expansion of tropical reef fishes with specific habitat requirements (i.e., habitat specialist), despite the
persistent increase of winter temperatures and the consistent transport of poleward-flowing boundary currents.

The constant larval supply of tropical reef fishes to higher latitudes facilitated by poleward-flowing
boundary currents serves as a prerequisite for their range expansion. However, the wider range of thermal
variability and the low water temperatures in temperate waters during winter are known to physiologically
limit the performance of most tropical reef fishes, impairing them to survive and become susceptible to

potential predators. Hence, this potentially caused constraints on the successful poleward expansion of many
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tropical reef fishes. Of which, winter remains the population bottleneck for most range-shifting tropical reef
fishes. Yet, as the water temperature is predicted to increase amidst climate change, this may potentially favor
the successful range expansion of tropical reef fishes, withstanding warmer winters.

This thesis tried to address the potential factors influencing the latitudinal distribution variability of
range-shifting tropical reef fishes along the Kuroshio Current by assessing their distribution pattern in three
climatic regions—tropical, subtropical, and temperate (Chapter 2), and further subjected representative
congeneric species with varying occurrence in temperate-Kochi (southwestern Japan) to low water
temperatures in a tank experiment (Chapter 3). Both the habitat availability, and suitability, and the low water
temperatures appeared to have a significant impact on the assemblage structure of range-shifting tropical reef
fishes in temperate waters, as revealed by the unprecedented occurrence of the extreme cold event in Kochi
(Chapter 4). This thesis demonstrates that climatic changes not only alter the system functioning of marine
ecosystems but also caused the contemporary range-shifts of many organisms. Of which, the key role of
physiological climatic tolerance to winter water temperatures and ecological generalization (e.g., habitat
generalist) are crucial factors in predicting a successful range-shifts. Thus, the extent as to which climate
change may impact the marine ecosystems (e.g., fisheries and ecosystem services) is critical since ocean
temperatures and frequencies of extreme events are predicted to increase amidst climate change, where impacts

are inevitable and irrevocable (Chapter 5).

Chapter 2: Latitudinal distribution pattern of tropical reef fishes across three latitudinal climatic regions
along the Kuroshio Current

Range-shifts in tropical marine organisms, including reef fishes, are more pronounced in western
boundary regions. However, latitudinal distribution patterns of tropical reef fishes along the Kuroshio Current
are poorly known, and despite evidences showing their range-shifts, many of tropical reef fish species are still
found non-occurring in temperate waters. Since latitudinal population and environmental gradients are
important predictors in understanding vagrancy of tropical reef fishes in temperate waters, this chapter aimed
to determine the latitudinal distribution pattern of tropical reef fishes in the three climatic regions—tropical,
subtropical, and temperate—along the Kuroshio Current.

This chapter selected three separate locations representing the three climatic regions along the
Kuroshio Current, i.e., Philippines for tropical, Okinawa for subtropical, and Kochi for temperate. Fish
assemblage structures were assessed in all the reef habitats within the respective regions in two different
seasons (cool/winter and hot/summer) by underwater visual census, using SCUBA. Among the habitats
identified in each region, coral habitats significantly harbored higher species richness and abundance,
including the coral-tropicalized habitats in temperate-Kochi. Each climatic region had different fish
assemblage structure, and dominant species, wherein Kochi appeared to have the least species richness and
abundance, despite the noticeable occurrence of tropical reef fishes in the area. Also, the notable non-
occurrence of some tropical reef fishes in temperate-Kochi may indicate that not all tropical reef fishes have
successfully colonized temperate waters. Whereas, the clear seasonal pattern in higher latitudes—subtropical
and temperate—and the significant declines on the abundance of some species in Kochi during winter, may
indicate that winter water temperature is still a population bottleneck for most vagrant tropical reef fishes. The
presence of coral habitats may have considerably facilitated the colonization of most tropical reef fishes in

temperate waters. However, the latitudinal distribution pattern and the varying occurrence of some congeneric
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species in temperate-Kochi may be due to their difference in tolerance to low water temperatures. In this
chapter, species with year-round occurrences (with possible reproduction in temperate waters) were referred
as adapted species while species showing low abundance to complete absence—during and after winter—and

with no adult population in temperate-Kochi were tagged as non-adapted species.

Chapter 3: Physiological and behavioral responses of tropical reef fishes to low water temperature:
differences between temperate water adapted and non-adapted species

Many of the tropical fishes transported to higher latitudes exhibited high mortality rate during winter.
However, the recent significant ocean warming may allow some of these tropical vagrant species to tolerate
winter conditions in temperate waters. Despite the mounting evidence of tropical fishes expanding ranges to
temperate regions globally, little is known how these species adapt to local conditions (e.g., winter), and how
closely-related species differ in physiological tolerances to low temperatures. Since winter mortality in sifu is
difficult to quantify, this chapter aimed to demonstrate the temperature-specific physiological performances
and behavioral responses of congeneric adapted and non-adapted tropical fishes to low temperatures in a tank
experiment. .

This chapter subjected congeneric adapted and non-adapted species from two fish families,
Pomacentridae and Chaetodontidae. Each of which has different latitudinal distribution pattern and occurrence
in temperate waters of Kochi, central Tosa Bay (see Chapter 2). Results have shown that low water
temperatures affected both the adapted and non-adapted species resulting in declines on their feeding rate as
the temperature approached 15°C (lowest winter temperature in Tosa Bay). However, non-adapted species had
significantly higher mortality rates than their congeneric adapted species. Most of which also have resulted in
a marginally higher temperature ranges on behavioral responses, e.g., minimum acclimation temperature,
feeding cessation, and critical thermal minimum, compared with their congeneric adapted species. This
indicates that adapted species may physiologically tolerate winter water temperatures than non-adapted
species, thereby potentially allowing them to survive and colonize higher latitudes. Such trait is important and
a known pre-requisite for successful colonization. Winter temperatures are predicted to increase amidst
persistent ocean warming, thereby potentially allowing not only the adapted but may favorably allow non-

adapted species to thrive and colonize temperate waters.

Chapter 4: Unpredictable extreme cold events: a threat to range-shifting tropical reef fishes in temperate
waters

Tosa Bay, southwestern Japan is one of the global hotspots of tropicalization, where habitat-forming tropical
corals have become established as a result of ocean warming. The poleward establishment of corals may have been
facilitating the successful colonization of tropical reef fishes in the temperate waters. However, climate change has
also caused an increasing occurrence of extreme weather events, e.g., extreme cold events. Such cold events are
known to have adverse consequences on corals greater than the effects of elevated temperatures. However, no
published information demonstrated how such cold events affect range-shifting tropical reef fishes in temperate
waters.

This chapter semiannually assessed (in winter and summer) the tropical reef fish assemblage structure in
Tosa Bay for two years (2017-2018), fortuitously covering the unprecedented extreme cold event that occurred in

the bay during the winter of 2018. The event caused an extremely low sea surface temperature (SST) during the
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winter resulting in a rapid coral bleaching and the subsequent mortality of more than 90% coral during summer.
Both the extremely low SST and the massive coral loss resulted in significant declines on the species richness and
abundance of tropical reef fishes in the area. In which, the extreme winter affected both the breeding and the non-
breeding population while the massive coral loss substantially impacted the coral-associated species, primarily the
corallivore fishes. This chapter is the first to elaborate the potential impact of the extreme cold event on the persistent
establishment of tropical reef fishes in temperate waters, thus highlighting its potential threat on the stability of

temperate waters as a refuge for range-shifting species amidst increasing ocean warming.

Chapter 5: General Discussion
Climate change has caused adverse consequences to the earth’s ecological system structure and functioning.
Of which, many marine organisms (e.g., corals and reef fishes) are the most affected as they are more vulnerable to

rapid changes in ocean temperatures, thus, resulted in their contemporary range-shifts.

Establishments of marine protected areas (MPAs) may have provided conservation to commercially exploited
species and contributing to reef resilience as well as benefits to fisheries through leakage of ‘surplus’ adults
(spillover) and larvae (larval replenishment). Of which, effects of climate change and the climate-mediated
contemporary range-shifts might be of less concern when it comes to fisheries management since most of the reef
fishes are the small-sized non-commercially targeted species where impacts may not directly affect large-bodied
commercially important species. However, these MPAs offer limited protection from the impacts of extrinsic
disturbances, e.g., climate change. Wherein, commercial fisheries may still be susceptible to additional impacts
from the contemporary range-shifts of reef fishes as they constitute part of its trophic niche. Nevertheless, as climate
change causes significant changes to the coral reef ecosystem, this could have implications on fisheries given that
corals serve as a source of food and refuge to many marine organisms. This may subjectively affect the biomass of
all trophic levels in the marine ecosystem (including the targeted fisheries) and may likely increase the risk of
fisheries collapses and may affect the services it provided. Hence, understanding how organisms (e.g., reef fishes)
respond to contemporary climatic changes may help facilitate in effectively managing the impacts of climate change

and develop sustainable planning and management strategies.




WMUBEOREOHES

1980 4ERLARRICEIZE 1Z/2 > TE /MR DOEMRACIZHE S T, A S M TEGEIR O £ O 73133
RFFIZIERL TS, ZOXDBBRIIBHTHA SN, RRITEGIERD S 7S BRI IL O
REENS S HESN TS, B SIRFRICHERICE > Tk SN B EEMD, £FilK
BOEFIZE > THE - EFTELRIITBR 7LD DN LEBERZIER I TEANZANZZ L
EEZISNTWVD,

B OPBEEZBR ZLLEB TS, Bl - BEANERZ A OHDET ST > IO 1990
ERDBEICHE - EF LTV I ENRESTNTVS, AEIIDOVTIRIBEDT —F AN DITRRE
iz 5 ZEMTERVDHOD, RBEIGETREY > IBE CAT, Y2 I5HERS) MREELTET
WBZEMNS, Yo dBEFERBRETHHFHEOATEICZE o THEACPTNREIC/R>TETWVWSZ
LRI TV S,

HiEmic R T ARG EAEEA DL E, PETALNDXIBRAFENTNTNDSIDIT TRV, ED
KDy A TORENLEBIZZNON, HE2WVEDIRNDN, FLEOXIIBBEHTETOENEEN
LZOM, EVWD HEHSMNITEZEIE, BB TED X D A BARMNR Z R - 2 fAf@Ehitn
LERBEHICEFTEON, EVWIMNnEMRHETS,

AENLEROC T, Bt U O IR 12 BV SR 0 & &5 BB ATIC BT S50 itk =l 2 B4t
BBRICE > TR LT, 2EmIc S < HIT S E 2 D T W OEKRME D& 2 KRR IZ X
STHEMITAHIET, Y IOFELELFOEKIRMESE VD DAL < OBGHERIRANRAIHIC
EHT L ETERETHD I EZ2BEMITIR U BFFERRO—IEBLIC ERGEICHm L & U THRENT
Wa,

Leriorato JC, Nakamura Y (2019) Unpredictable extreme cold events: a threat to range-shifting tropical reef fishes
in temperate waters. Marine Biology 166: 110. https://doi.org/10.1007/s00227-019-3557-6

AR TS DOETHRINTVS, ElEOREFREFELIEDREEEERE2ENS4
ERFERE LS TS, FRRRIE4ATEOMBERRTH D, SEOMBIIZTNENLROED &z
S ThD,

%1 EORESFRTIE. BB D B LY ORI O DL KIC T 2IEE OB E RN T 5
EEBHIT, BEHICBITEHEY D TOEE LYY THORENLFZOKRD LH & & bICBSEERE
DIRBIHTOEHEDEEREMHEELDEVSRHELTD ZET, 52 EUBOMENENOE AL
DRBEZERLTNS,

#2 BT, BB BT 2 R OBRER TOOMIIDOWTHNZHREZRL TS, iR
WEORmA, BmAGFHOMRAR, BFHROT VLY - 2 2FFFRBIIBNTENEN 2 ARG M
EREL., SHEMICHEETS5IRTOEBRIMCHBT 288 (TR AXAFIR FaoF
avyFR, TR DY R) OB EERBESDEMRAERSTILFLEFIL, 225504
BTIIRELERICEKBERICEISNIIV N NI 227 MEEZRAWTENENHRE Nz, TO/RE. EOH
BEMTH INSABEOREO/EIL, U2 JH2h0MIHETLS I &, Fo, FEROER & EFERD
ENEAITRHICKEN ST ENS, BFHICAGTEABENEETELIEEREHLLT, Y2 O5O
FEE, LXFOEKRICHT 2MHEEZT T2,

. 18




3BT, BEHAEOEKRICHTSMEICDWTHANZHERERL TS, LIESTRLOME

PAERR SN T WAHE (PR, IREHEINE) &5 Thywi (REEEGHE) Z2AXAYIREFaw
FavIFARORUCBOTINSZTNENLIERY (AZAASTAR2E, FavFavuFRlE), Tk
IR OBE OKIR (25C) NHEAFEOREAIER (15C) 122 E TOR MG &R IE#EINEE D
BT 2 ERTEHCREREEDEWEKIEEBR TRz, TOMER, IR ISR 86T &
HARTEARRHCBIT D ERNE LS, £, KRETICHESERITHPRERREBIHEFITET L.
PAEO#RNS, BEBICESRT 5584 L TLAEOEKRICHT 2MMENEETH LS I EE2HEMNIC
Lefts

$4AETIE, 2018 FEHHICEE /276 H A DRI /2 KR K> TEL e LIEB OGHEY > IRE
DRBBRIERBIRITER L, @Y > TORBMBEOEFORMEMEOMEZILRT LI LT, &Y
> AOAEDRAF I BT 2B HEAEONBRICEZ BB DOV TR LTS, ET 2 TOHEN9
BNG 1BCHA L2 &T TICHBETHGERAE (AXASARL FavFavuti, 75
AR ZHSIR) OFBEIMEERIEISEIZERAL. FKiCY ITRAMIBIBEZREZHLL. IN50
WRNS, BT TOFEENE OBHEHAEOMACERICEETH D I AT > TORBIERE S
ZELTHERL TN,

55 EOBRALERTIE, ABIFETH S Nz EN SR BT 2 FUER RIS QR RRZEIZD
WTEETSEEHIZ, LEZH T TOY > IHICBT28EORE - EREICHT S AMEICDNT
ZXERRTINDS,

& AL L O R
SUEEENCE S W REDBREOEIT. REROEEREZFIHTL2HINCHEEEEAL, 20X
RIS T 2I1C1E, ARBROBILETDANZALEZRASNIL, ZINEIALTEHENS PRIZHEIZ
LIz RZ2#C20ENH D, AR THESNZHRIL, FRREEEZTTR<, ERFECHIE
ATELREHAENDOERZHIFTREBERZOMZICHEI A TIHETE %,

& T






