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[ntroduction

The importance of ecological studies in Fish parasite nopulatione has
been increased by the developmentof aquaculture programs with frestwater
and marine fishes. Artificial culture conditions enhance the transmission
Oi some parasitic species and usually reduces the natural defense mechar:i sms
of the hosts against parasitic infections.

fnowledge abcut fish-parasite interactions in their natural ecosyctem
provides useful baseline information for aquaculture research. The present
study was conducted to provide such baseline information in a fish which
has Lotential for aquaculture. The specific objectives in this study were:

1. Yo study the temporal distribution and intensity of infection by

metazoan parasites in the white mullet (Mugil curema) ocourring
in Joyuda Lagoon.

2. To examine the influence, that changes in the extermal envirori-
Tent, have on the parasitic fauna of the white mullet.

J. To determine the effect that spawning and possible migrations
of the fish have on its parasitic composition.

4. To add some ecological and biological information about the white
muilet.

To evaluate the role of Joyuda Lagoon in the life cycle of the
white mullet.

e

‘ecent studies have approached some ecological aspects of fish para-
site populaticns in natural ecosystems. However, most of this work has
been done in sub-tropical and temperate areas. Meskal (1966) reported
seasonal variations of parasites from the cod in ceastal waters of Norway.
Cverstreet (1868) calculated significant correlations between monthly reans
of temperatures,salinity and size of the fish with mean numbers of parasites

infecting the inshore lizardfish, Synodus factens, from an estuarine canal

in Scuth Florida. Boxshall (1874%) found a regular annual cycle of ahundance

in the ectoparasitic copepod Lepecphtheirus pectoralis, from a population of




plaice in Yorkshire. Rawson (1976) reported seasonal abundance of mono-

penetic trematodes in the bluepill, Lepomis macrochirus, in a reservoir

in Alabama. Other studies demonstrate that differences in the habitat
and geographic location are more important than seasonal variables in {he
parasitic composition of some fishes (Shroeder 1970, Dowgiallo 1979).

In addition ¢f providing baseline parasitological information about

Mugil curema,this study is directed to test the hypothesis that seascnally
related facters in Joyuda Lagoon such as salinity variations dictate the

pattern of abundance in the ectoparasitic fauna of its host.
MATERIALS AND METHODS

The study area

Joyuda Lagoon (Figure I) is a coastal brackish water system located
on the southwesterr: coast of Puerto Rico. The lagoon is approximately
1.6km long and 0.8km wide, covering an area of 121 hectares. A conspic-

uous band of the red mangrove, Rhizophora mangle, borders the lagoon.

There is alsc some development of the black mangrove, Avicenia nitida,

and white mangrove, Laguncularia racemosa, on the western section. Water

exchange between the lagoon and the sea oceours along a small channel bor- .
dered by mangrove which opens seaward into a sandy patch area of turtle
grass with scattered coral growth. The average water depth of the la;con
is 1.3m, with a maximum depth of approximately 4m. The bottom substrate
is corposed of soft mud sediments and organic detritus, mainly derivec

from the mangroves.




FIGURE 1. Joyvuoda Lagoon,
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Sampling procedures

Monthly samples of ten mullet from Joyuda Lagoon were examined for
metazoan parasites during the period of February 1979 through April 1980.
Most of the collections were made wiht monofilament and nylon bottom gill
nets. The nets were set at sunset and recovered at dawn. Fish were placed
in individual plastic bags and taken directly to the laboratory for exam-
ination. The time lapse between the collection of samples and the parasi-
tological examinations never exceeded a 16 hour period.

Salinity, temperature and dissolved OXygen measurements were obtained
every month at five stations in the lagoon. These data were recorded cn

sampling days at the time of setting the nets.

Laboratory procedures

The fish samples were taken directly fram the field to the laboratory
facilities at CEER. All fish were welghed and measured (standard length)
and the gonads were removed from the fish and weighed.

Parasitological examinations were limited to metazoan (multicellular)
species and included the body surface, gills and alimentary tract of the
fish. Gill arches were remgved and placed in separate dishes. Numbers
and species of parasites present were recorded for each gill arch. An
incision was made on the right side of each fisn and the different organs
separated and placed in petri dishes. Each organ was studied as a whole
unit for metazoan parasites. A saline solution was added to the dishes to
avoid drying and facilitate the examination. Observations and separation
of parasites were made with a dissecting microscope. A description of the
methods used for relaxation, Fixatien and Preservation of parasites arw

discussed elsewhere (e. g. Garcia, 1981).




Statistical analysis

The incidence percentage and intensity of infection by the different
parasitic species were noted as monthly values for the 15 month period.
Incidence percentages represent the proportion of fishgg infected by a
particular parasite. Intensity of infection was expresséd as mean number
of parasited per fish and the total number of individuals of a parasitic
species and the total number of mullet examined in a month. A logarithmic
transformation (Logqg NY was applied to the monthly values of intensity
of infection. Frevalence represents the presence of a parasite in a
monthly sample. Simple and multiple regression analysis between the
temperature and salinity means and the intensity of infecticn values were
calculated for every species. The correlation coefficilents were obtained
from a program of an Apple II computer, which also caleculated the standard
error of estimate.

Possible interrelations between parasitic groups were tested for
significance in 2 x 2 contingency tables. The exact probabilities wer

calculated by the formula Po=(A+B) ! (C+D) ! (A+C) ! (B+D) as suggested by
NIAIBRICIT!

Tate and Clelland (1957) for small N values of less than 40 and expected
{frequencies of less than 5.

Data cn the stage of sexual maturity were chtained by using an index
of gonad development. This index is a numerical relationship between tle
weight of the fich and the weight of both ovaries. 1+ is expressed as:

Gl

11

w ¥ 100
W

Gonad Index

where G.TI.

W Weight of both ovaries in grams

W

Weight of fish in grams




The relative atundance of white mullet in Joyuda Lagoon was expressed
as a proportion between the number of individuals of white mullet and the
total collection of fishes in the month, following standard collection

procedures.,

RESULTS AND DISCUSSION

Hydrological pararmcters

Salinity - The average salinity in Joyuda Lagoon for the period
between February 1979 and April 1980 was 19.9 ppt. Monthly mean values
ranged between a minimum of 12.0 ppt in October 1979 to a maximum of 30.0
ppt In April 1980. Figure II presents the monthly fluetuations in salinity
during the study periocd. Summer monthks (May-October) averaged lower
salinity values (X=18.6) while the winter period (November—April) preserted
a higher average value (¥=20.8).

Monthly mean values indicate that the salinity pattern in the lagoon
1s unstable and that moderate variability can cccur in short time intervals
of less than one month. Salinity is mostly determined by the amount of
precipitation and runoff, the temperature and wind effect on evaporaticn
and the intrusion of sea water during high tides.

Temperature - The average water tamperature was 27.7°C, Monthly nean
values ranged between a maximum of 30.0°C in May and July 1979 and a
minimum of 24.°C in February 1980. Figure IIT precents the monthly
variation in mean temperature values. The average water temperature was
higher during the summer months (May-October) with ¥=28,8°C as canpared
to the winter months (November-April) with X=27.0°C. The gradual decrease
of water temperature started in September and reached its lowest poinf by

February. The pattern of water temperature is affected by air temperature
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because of the shallow nature of the lagoon and relatively stagrant con-
dition of the water. Short term variation in water temperature may occeur

as a result of heavy precipitation and the drain of cold freshwater fram

the runoff of adjacent mountains.

Dissolved Oxygen - The content of dissolved oxygen in the water ranged

iran 4.7 ppm in March 1980 and 7.2 ppm in April and December 1980, Although
moderate variation occurred on a menthly basis, the summer period registered
a rather stable content of 02 in the water ss campared to the winter months
in which the degree of variatien from month to month was high (see Figure
IV). If we account for the temperature and salinity effect on the different
expected levels of 0, saturation, the variation in the menthly percentages
of 0, saturation must be related to biological procésses occurring in the

lagoon. Table I presents the monthly values of the percentages of 0,

saturation.

Relative abundance of white mullet in Joyuda Lagoon

The relative abundance of white mullet in monthly samples indicated
a peak. 1in February 1979 with 41% of the total capture in a sample size of
193 individuals. Another high value was recorded in September 1979 with
32% in a sample size of 49 individuals. Figure V presents the menthly
variation in relative abundance of white mullet. The sudden decrease in
abundance of white mullet aftepr February tends to support the theory of an
offshore spawning migration of this fish, as has been already suggested by
Anderson (1957), Moore (1978) and Yanez-Arancibia (1976). Index of gonad
maturity (see Table II) indicated that B80% of the mullet examined in
February 1979 had an advanced stage of gonad development. In March 197s,
all the individuals examined were mature, The following months presented

some mature indivicuals in the collections until September, in which nc
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TABLE I.

Moni:ly means of salinity(°/, )

. :t:rnpctat"qre (°C), dissolved

o OXycin content (ppm) and %LD_J_L.__sggpjation'at Joyuda Lagogs.
MANTH SALIN: Ty TEMPERATURE p.o. D.0, % D.O.
D - bl P.p.r. SARTURATION {p.p.m.) SATURATIZY
FES 20.¢ 27.1 5.6 7.3 76.7
MAR 20.¢ 27.1 4.7 7.3 64.4
APR 24,3 28.9 7.2 6.8 > =at. point 113,54
MAY 22.7 30.0 6.4 6.8 94.7
N 19,3 28.0 5.6 7.1 78,9
ot 22.3 30.0 5.7 6.9 82.¢
RUG 13,8 26,7 5.5 6.5 B4.6
SEP 13.2 26.6 6.1 7.7 79.2
oCT 12.¢ 78.4 5.6 7.5 74.7
KOV 14.% 27.7 - 7.1 -
BEC 16.¢ 26.8 7.2 7.3 28.6
JrN 17.6 25.7 6.7 1.4 90.5
FEB 17.0 24,7 5.7 7.6 75.C
MAR 25.7 27.% 6.1 6.9 88.4
KPR 30.0 28.8 5.4 6.6 81.8
TABLE IX. 1Index of gonad development in Mucil curema.
1979
FEBAUARY LA APRIL HAY JUHE A | AUGUST SEPTEMBER  prigs:e
1.38 5.2 0.54 5.90 1.26 r.62 5.03 0.66 0.3
3.15 3.8 10.72 0.32 0.31 £.39 0.43 0.48 0.22
D.73 3. 5.50 0.11 0.45 n.57 0.36 0.49 1,53
2.47 9.5 6.%0 0.32 0.73 C.84 0.49 0.28 0.20
4.76 €.z 0.494 0.49 0.23 225 ©0.23 0.7
3.18 3% 0.61 0.18 0.32 o5 0.10 0.81
0.24 .17 0.25 0.1} 0.31 £.54 0.15 0.39
1.76 b.E3 0.20 0.93 0.u3 £.22 0.63 0.17
3.63 B.1% 0.52 0.42 0.23 2.35 0.38 318
3.927 6.2 0.6 0.48 0.32 _ 0.40 6.75
x o= 3,02 5 5% 2.64 0.88 0.48 1.49 1.58 0.41 .20
1980
uIVENBES DECErZEg JELZARY EEBSUARY sy 2RI
1.00 1.52 0.43 2.70 0.0z 3.17
2.32 622 .24 0.11 231
9.2, 1.18 .23
0.09
0.09
0.09
S S Y . - || S B -
= DER L5t 0.3 1.76 a.m e 11




individuals were found to be sexually mature. The peak of adult white
mullet in September with reduced gonad development may be incicative of
a return, in part, of the white mullet population after the epawning had
taken place in offshore waters. The overlapping data for the months of
February and March 1980, are not significant in this matter Fecause the
individuals examined were not adult fishes (see Figure VI}. The low
valuer 1n relative abundance after October 1979 may be indicative of ttre
detrimental effect of hurricanes David and Frederick in September 1979,
or tc over-iishing of the adult mullet pepulation in the lagoon during
their pericd of pre-spawning in February and March 1979 by local and

camerceial fisherinen.

Host - parasite interacticns

Six species of metazoan parasites were found to infect the white
mullet during the study peried at Joyuda Lagoon. Temporal patterns of
incidence percentages must be interpreted with caution due to small

sample size numbers. The Acanthocephalian parasite, Floridosentis elon-

gatus (Machado - Filho, 1951) which is an internal parasite, localized
always in the intestine of the fish, was present at least once in every

nonthly sample. TFloridosentis elongatus regictered a peak of incidence in

menthly collections of March 197¢, and then in ecember 197¢, January and
March 1880. Figure VII presents the monthly fluctuations in incidence
percentages for this species. The pattern of incidence percentages doos
not ceem to be directly determined by any external factor related to ths
water quality of the lagoon. The fact that F. elongatus is transmitted

Ly an intermediary host is incdicative of the apparent availaebility of ++is
intermediate host throughout most of the year in the lagoén. Further otud-

les on the life cycle of this parasite must be assessed before any conclusive
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Statenents can Lo drawn about the short term variability in the ‘ncidence
percentages of this species.
Wo monogenesn trematodes were fourd parasitizing the gill filament

of the white mullet in Joyuda lagoon. Pseudohalioctrema mugilinusg Hargie

195% presented peeks in incidence percentages in February and March Bge
and then in March and April 1980. Tris monogenean parasite was abisent
Tram Aupust to October 1979, Nevertheless, it appeared with moderately
high ircidence percentages throughout the study, especially during the
winter period (Figure VIII). Low salinities, or perhaps the sudden
decrease in salinity from August to September, continuing into October
1979, could have caused the absence of this parasite during these months.

Metamicrocotylea macracantha Alexander 1954, another monogenetic

trematede which infects the gill filaments peaked in Ncvember 19739, and
March 1580, and was alsc camon in July and September 197¢ and Februar,

18980. Metamicrocotylea macracantha can withstand short time salinity

variations and was present in September 1979 (see Figure IX) when sali-
nity reached its lowest point during the study (apprex. 12 ppt). The
Presence of thie monogenetic trematode in the white mullet was first noted
in May 197%, but continued to appear in the rest of the study. This
stronfly supgests that the parasite either entcrecd tle lagoon after a saﬁd
bar formation opened in April-May with early Spavned adult females, or with
juver.ile mullet which were probably new recruitmerts in the iagoon.  lwwe-
ver, alter May, the short term variations of incidence on *he howut may he
related to other factors, either environmental, biological or both.

{lree species of copepocs of different genera were founc on the Wiite

mullet. Ercasilus lizae Kryer 1864, which occurred only in the gill fi: .-

mente of the fish was more abundant in February 1979. It prevailed ur: 1

Marct: 1979 and then disappeared until October 1979 reaching another higt
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incidence value during January 1980 (see Figure X). Although E. lizae oc-
curred during the winter period, its incidence in the white mullet seems
to be more related to the migratery pattern of the adult fish than to

seasonally related hydrological conditions. FErgasilus lizae survived in

a wide range of temperature and salinity variations in Joyuda Lagoon. Its
absence after March 1579 could be due to the migration of adult mullet to
offshore waters. As a consequence of this migration, the individuals
examined during the remaining summer months, did not possess this parasite
because: they were new recruitments composed mostly of juvenile fish. With
the next dmigration of adult mullet after September 18979, the parasite
became again a regular component of the parasitic population of the mullet
in Joyuda Lagoon.

The parasitic copepod, Lernaeenicus longiventris Wilson 1917, was found

partially embedded in the fins and body surface of the white mullet. Tts
prevalence and incidence percentages show a clear peak during summer with
consistently high incidence percentages for the months of July, August and
September 1979 (see Figure XI). After a lag period of two months, the
barasite appeared again in the collections, reaching another peak during
March 1980. The pattern of occurrence of this parasitic species is again
indicative of the different populations of mullet which were sampled during
the study period. The parasite first appeared in monthly collections from
June 1979, one month after the migration of the fish, and then showed reduce
inciderice percentages in October 1979, probably as a result of non-infected
adult mullet examined in that particular menthly sample. Apparently, a‘ter
being introduced by new recruitment into the lagoon during the summer period,
the parasite adapted well to the strongly variable hydrological conaitions
in the lagoon and persisted in the samples despite a change of 17 ppt in

salinity between October 1979 and April 1980,
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Bumolochus concinnus Wilson 1911, occurred mostly in the mucus of the

branchiostefal cavity with occasional presence in the branchiostegal fila-

ments. Bamolochus concinnus appeared in nine out of fifteen monthly
gamples, bu' did not show any distinet peak of abundance based on reason-
able uimple cize rumbers. Its low abundance during the rainy period in
summey (see Figure XII) from August to October 1879 may be indicative of
low tclierance to the sudden salinity decrease associated to hurricanes
David «nd Frederick.

lable II1 tresents the monthly distribution of infection intensity
Ly parasitic species of M. curema. The monogenean trematode of the gill
filamerts F. mugilinus was the most abundant parasite with a mean number
of par-sites per fish of 8.5. The acanthocephalan F. elongatus had a
mean number of parasites per fish of 2.2 and was present in 93% of the
monthly collections. None of the parasitic species were observed in

eplzootic conditions. The copepod L. longiventris was observed to cause

moderate lecions in the caudal fin of the fish hosts as it occurs deeply

embeced in the pelvic and caudal fin tissues.

Interactions between parasitic species

Five cpecies of external parasites and one cndoparasit: were present
in write mullet at different time periods throuriout the sutdy. The rrev-
alence of these species in the white mullet is presented in Table IV. It
was observed that ectoparasites which occupied similar micrchabitats within

the f{izh such as Metamicrocotylea macracantha and frgasilus lizae, did not

occur together in any of the fishes examined. Figure XITI evidences tlw
similarity in site selectivity of both species on the branchiostegal arcs
of the white mullet. Table V details the presence-absence display of bLoth

species 1n monthly samples. The distribution of those species in monthly
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TABLE 1V

Mcothly prevalence of parasitic species in the white mullet from Joyvda

Lagoon, dur

ing the period between Februaryv 1979 and April 1980

MGTH - sp 1l __Sp 2 Sp 3 Sp 4 Sp 5 Sp 6
=3 + = + + - +
MrE + - + + - +
Ekrp + - - = - +
MRy + + + - - +
JTN + + ] + - + +
JUL + - + - + +
AUS - - - - + +
SE2 - + = - + +
ocT - = - o + +
NOV + + + - — +
DEZ ~ - = & = +
JEL + - + + + +
FI: + + + - + +
MA= + + + - + +
APR - - - + +

- Rhsence

+ Presence

Sp.
Sp.
Sp.
Sp.
Sp.
Sp.

Lo B ) B O P S

1

Pscudohaliotrema mugilinus

- Metamicrocotylea macracantha

- Bomolochus concinnus

-~ Ergasilus lizae

- Lernaeenicus longiventris

Floridosentis eloncatus




V. Contingercy table representing the necztive interspecific
_ association between M. macracantha ané E. lizae.

Metamicrocotylea macracantha

S Present Absent
" :
) Present o 6 6
-
-
L] P
=
—
5 Absent 6 3 9
fd
o)
1Y
A S
6 g 15
Probability of association by chaznce (p) = 0.017
TABI= VI.

Contingency table representing the positive interspecific
association between P. mugilinus and E. concinnus.

Pseudchaliotrema mugilinus

- Present Absent
3
_g Present 9 o 9
3]
[s)
G
tn
]
ﬁ Absent 1 5 6
e}
—
o]
E
[]
m
10 5 15

Probability of association by chaice (p) = 0.002




samples indjeate a significant negative association (p=0.017). Possibly
one of these species ic excluding the other for food and/or space. The
Presence of cne siacies or the other in their fish host may be dictated
either Ly water yuality related factors and their adaptations to with-
stand enviromment..l stress or to actual competition and consequent exclu-
sion by one speci-. or the cther.

The associatjon between Pseudohaliotrema mugilnus and Bomolochus

concinnus also suiyests possitle interactions between different parasitic
populations. TIn this case, a positive association resulted between both
parasitas (see Table VT), the probability of association was highly expose
to sumilar envirormental conditicns, as both are parasitic in the branchios-
tegal cavity, however, each species occupied different niches or microha-

bitats within the fish. Bamolochus conecinnus was always found in the mucus

layer of the branchiostegal flap, while Pseudohaliotrema mugilnus was

always parasitic in the gill filaments. Different food and space require-
ments can permit toth species to co-exist together inthe host.

Floridesentis elongatus, an acanthocephalian worm, was the only

internal parasite observed and it Prevailed consistently in monthly sam-
ples. The presence of other endoparasites in the alimentary tract is prob-
ably limited by the lack of intermediate hosts such as mollucks, which are
rare in Joyuda Lagoon. The Possibility of competitive exclusion by the
acanthocephalian is contradicted by the presence of digenetic trematodes
which occur along with I. elongatus in collections of mullet examined in
La Parguera, Puerto Rico (Williams, E. H., unpubl. Data).

The consistent patterns of association between parasites constitutes
evidence that their temporal occurence is real and not an artifact of

sampling variability. The aspect of competition among parasitic species




has been extensively discussed by Halvarsen (1¢76) and constitutes a

significant phenomenon in the ecology of parasites.

Parasite - Ecosystem interactions

simple and multiple regression analysig between monthly means of
temperature and salinity and the intensity of infectien by parasitic
Species were non-significant at the 0.C5 level. Evidently, most ecto-
paras itic species in the white mullet withstand some degree of variation
in salinity and temperature (see Tables VII, VIII, and IX). Consequently,
the riread of points in Loth sides of the regression lines result in high
standard error and low correlation coefficients. Determinictic effects
of hydrological parameters on the parasitic composition of the white mullet
were observed for abrupt salinity variaticns in August through October 1979.
Most species of external parasites presented low incidence Or were absent
durirg, this period. The effect of short term variation is probably more
important in determining the prevalence of some parasitic species than sea-
sonally related variations which are gradually experienced by external para-
sitic fauna has alsc adapted to variable salinities. Tt is possible that
such acute and short term salinity variations may induce a threshold reaponse

on some species of parasites in the white mullet.

CONCLUSIONS

The hypothesis that ectoparasitic species in the white mullet (Mugil
curema) display, a distribution pattern which is seasonally related to
salinity variations in Joyuda Lagoon, was not evident in the present

study. However, two ectoparasitic species, Bomolochus concinnus and

Pseudohaliotrema mugilinus were apparently affected by the sudden drop

in salinity during the rainy seascn. The range of tolerance observed by
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pParasitic species to temperature and salinity variations is indicative of
the adaptations tat these Parasites have developed in order to withstand
similar environmental gradients to which the host is adapted.

The migrater, behavior of acult mullets to offshore waters and their
eventual retrn *o the lagoon accounts for much of the variability cbserved
in the listrituticn of some barasitic species.

Hegati2 interspecific intefactions between parasitic species occeurred
betweer. populations which occupy similar microhabitats within the host.

This type of association was significant for the copepod, Ergasilus lizae,

and the monocgenet’c trematode, Metamicrocotylea macracantha, Their actual

campetition and mutual exclusion may explain the short-term variations that
these cpecies precent in their distribution patterns.

Joyuda Lagoon is a detritus-based ecosystem which provides high
food availability and Protection for juvenile and adult white mullet. The
population proportion of adult white mullet is higher during the winter:
period pricr to their peak of sexual maturity. This fact suggests that
the mullet concentrate in the lagoon in order tc feed extensively and
storage enough enerpy for their spawning migraticn. Joyuda Lagoon may
alsc function as shtelter to Juvenile and adult white mullet during perinsds

of high wave energy and low foed availability in the coast.
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