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Terrestriality in the Cyprinodontid Fish Rivulus
Marmoratus: Potential Utility in H,S and
Other Bioassays'
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Guidelines for the selection of fishes as test organisms in sys-
tems monitoring water quality have been published or reviewed by
several authors (Rosenberger et al. 1978; U.S. EPA 1975; Buikema
et al. 1982). Criteria vary with the specific purpose of each
system. However, in all cases it is of practical importance that
the species selected be readily available as well as easy and
inexpensive to culture. For applications in biological early
warning systems and general toxicity testing, it is desirable

that the species be refractory to nonharmful variation in water
quality, e.g., salinity fluctuations (Cairns and van der Schalie
1980). Other factors being equal, the utility of a species for
biological testing increases with the width of its tolerance range
to innocuous variation. Currently, several members of the family
Cyprinodontidae are employed in biological monitoring, most not-
ably Jordanella floridae (Smith 1973), Cyprinodon variegatus
(Schimmel et al. 1974), and Fundulus heteroclitus (LaRoche 1970).
The objective of this paper is to propose an addition to that
list, the euryhaline cyprinodontid Rivulus marmoratus, whose suit-
ability as a bioassay fish compares favorably to and in some areas
surpasses that of other species currently used in that capacity.

Rivulus marmoratus, which attains a maximum length of 50 mm and
weight of 1.5 g, inhabits mangrove forests, swamps, and lagoons
of Florida and several Caribbean islands (Rosen 1973). The
species consists of synchronous, self-fertilizing hermaphrodites,
which has resulted in homozygous individuals comprising isogenic
lines (clones), three of which thus far have been described
(Harrington 1963; Kallman and Harrington 1964; Harrington and
Kallman 1968). The species is amphibious, emergence occurring as
a nonspecific response to envirommental stress (Abel 1981). The
unique genetic composition of the species, the ability of

R. marmoratus to leave the water and respire in air, plus other
attributes suggest that R. marmoratus may be useful as a bioassay
organism. -
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Hydrogen sulfide was selected as a reference toxicant for this
study because H9S is an extremely potent metabolic poison found
in industrial effluent into aquatic enviromments (Ellis 1937;
Van Horn et al. 1949; Dorris et al. 1960) and is also a product
of sewage decomposition. Additionally, a concurrent project was
examining the role of H2S produced from natural organic decompo-
sition in eliciting terrestriality in the habitat of Rivulus
marmoratus.

MATERTALS AND METHODS

Stocks of Rivulus marmoratusg that have been maintained in
laboratory culture for at least 20 generations were used in all
studies. Because ongoing experiments required the use of most

of the fish on hand, experiments for this project were conducted
using a mixture of individuals from all three clones. Fish were
maintained on a 14 hr photoperiod in synthetic seawater adjusted
to 14 + 1 parts per thousand (ppt) at a constant temperature of
25 * 1°C (Koenig and McLean 1980). The assay was conducted in
400-ml1 glass beakers modified for flow-through capacity. An
oyster shell attached inside each beaker slightly above the level
of the overflow tube served as a platform onto which the fish
could jump and lie. Five beakers, each connected to a different
head tank, were used in each run. To three tanks selected by
random number table, different concentrations of H2S solution
were added. Two other randomly chosen tanks served as controls,
one normoxic, the other hypoxic. Except for the control contain-
ing air-equilibrated water, 0p concentrations of 2.0 * 0.05

parts per million were established in all tanks. The experiments
were run under hypoxia to duplicate conditions frequently associa-—
ted with the presence of HyS. 1In all tanks pH was adjusted to
7.5 £ 0.05.

Five fish from 0.3 - 0.5 g, starved for three days, were randomly
selected and each was added to a different beaker containing 25 ml
normoxic water. The experimental solutions were then introduced
at a rate of 2.0 + 0.05 1~hr"1, which was maintained throughout
each run. After the beakers filled (300 ml), the fish were allow-—
ed 1 hr of acclimation followed by 1 hr of observation. Because
preliminary experiments suggested that the ability. of a fish to
flop onto the platform required learning, a positive response to
the test solution was chosen to be not only (1) successfully leap-
ing onto the platform, but also (2) jumping completely from the
water regardless of whether the fish landed on the platform. TFor
those fish satisfying criterion (1), total time emergent was
recorded. Eleven runs utilizing 55 different fish (the results
from two of which were discarded for various reasons) were per-—
formed. A single observer scored all runs from a distance of
several feet without knowledge of the relative or absolute HyS
concentrations of the solutions.

HoS and Oy concentrations were measured in water samples taken
from the beakers at the beginning of acclimation, at least once
during an experiment, and at the conclusion. Additionally, blanks
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(beakers without fish) were run and sampled. 02 concentrations
did not vary significantly over the time span. However, H3S,
which oxidizes rapidly, decreased in concentration by 507 or more
in some chambers over the course of an experiment. Because of
this, HyS concentrations measured at the beginning of acclimation
were used in all calculations. Nominal solutions of H)S were pre-
pared by adding calculated amounts of sodium sulfide to deoxygen-
ated water. H)S was measured by the spectrophotometric method
(American Public Health Association 1976). Water was deoxygenated
by bubbling nitrogen through it while monitoring 02 concentration
with a YSI model 51-A 07 meter, calibrated initially by the azide
modification of the Winkler method (American Public Health Associa-
tion 1976), and in air prior to each use. Because H2S affects

the function of the 0 probe, 02 determinations in samples from
all test chambers were performed by titratiomn.

Probit analysis (Finney 1971) was used to analyze the quantal
response of jumping. Data were grouped into intervals of 100
parts per billion (ppb) H2S and the midpoints used in the calcu-
lations. Spearman's Coefficient of Rank Correlation (Steel and
Torrie 1980) was used to evaluate the relationship between H)S
concentration and duration emergent.

RESULTS AND DISCUSSION

Figure 1 depicts the results of this study. The concentration of
H9S that elicited a positive response in 50% of the fish (median
effective concentration, EC50) was 123.6 ppb (3.633 M) [95%
confidence limits: 63.7 - 182.0 ppb (1.873 - 5.351 uM)]. Sixteen
of the 20 fish that responded positively jumped onto the platform.
No positive responses were recorded from either the normoxic or
hypoxic control. There was a significant positive correlation
between duration of emergence and H»S concentration (r = 0.52,

p < 0.05, Table 1). The high variability at the higher concen-
trations in Table 1 and the low correlation coefficient are
apparently results of toxic effects of HyS. Individuals in the
more dilute solutions of HS frequently ventilated at the surface
for the duration of a run. Fish in hypoxic controls exhibited
the same behavior, although the duration was more variable. Fish
lying on the platform generally remained motionless and were
refractory to gentle prodding.

Thus, this experiment demonstrates the ability of Rivulus
marmoratus to detect and avoid water contaminated with H9S. It
is true that sublethal responses reported for freshwater fishes
are more sensitive [e.g., Léepomis macrochirus exhibited decreased
swimming endurance at 1.5 ppb HpS (Oseid and Smith 1972)]. How-
ever, because there is a dearth of euryhaline species suitable.for
such assays, considered with other advantages of R. marmoratus,
more comprehensive testing of the leaping response of this species
is warranted, specifically relating to HsS pollution, and in bio-
logical monitoring systems in general. In addition, quantifica-
tion of other reactions, such as surface alignment or activity
patterns, could result in a more sensitive response to H2S.
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Figure 1: Log-probit plot of 7 positive response vs H2S
concentration. Solid dots represent fish exposed
to H9S solutions. Solid block denotes normoxic
controls. Open block represents hypoxic controls.
Downward and upward arrows are directed at points
representing 0 and 1007 response, respectively. H2S
concentrations are midpoints of 100 ppb intervals.

Table 1: Duration emergent for each of the 20 fish responding
positively. * represents response judged positive
by criterion (2) (see text).

H5S Concen- Total Time H2S Concen- Total Time

tration (ppb) Emergent (min) tration Emergent
25 0* 233 51
108 15 252 60
147 14 270 39
172 17 304 31
172 0* 339 27
195 0* 399 31
200 47 525 54
209 0% 564 28
211 38 565 15
232 45 579 52

Koenig and MecLean (1980) discussed the manifold advantages of
using the Rivulus marmoratus bioassay system relative to chronic
marine bioassays. Here, the characteristics of the system are
presented as they pertain to biological warning systems, using
criteria given in Cairns and van der Schalie (1980).
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1. The behavior used in this bioassay is easily quantified
through electronic devices, such as the one described by
Cripe et al. (1975).

2. Avoidance reactions such as leaping remove the fish from
physical contact with the toxicant, thereby reducing stress.

3. Although rapidity of response was not measured here, I have
observed it to be very fast (seconds) to such contaminants
as H»S, ammonia, formalin, and rotenone, none in high
concentrations.

4. Although the response of Rivulus marmoratus to nonharmful
variation is not well-known, I have maintained this species
at a variety of temperatures in salinities from 0 (dis-
tilled water) to over 50 ppt without observing avoidance
behavior or ill effects. Thus, R. marmoratus is suitable
for fresh water and marine bioassays. Aquatic hypoxia alone
does not induce jumping, which is consistent with the
interpretation of the functional morphology of the head
(dorsoventral flattening, upturned mouth), which facilitates
respiratory use of the surface microlayer (Lewis 1970;
Kramer 1983).

5. An important characteristic of the system (although not
taken advantage of here) is genetic uniformity. Genetic
variability should therefore not enter as a source of
experimental error, although behavioral responses generally
show a high degree of variability.

6. Becausé Rivulus marmoratus inhabits still waters, it adapts
well and quickly to living in culture dishes in the labora-
tory. Therefore, large numbers of fish can be maintained in
small areas at low cost. In addition, fish older than four
months produce a constant supply of eggs throughout the year.

Clearly, Rivulus marmoratus possesses attractive qualities for

use in a wide variety of applications in monitoring water quality.
There are also, of course, potential disadvantages in the use of
any single test animal. For example, homozygosity and isogenicity
may be disadvantageous to experiments purporting to extrapolate

to responses of heterozygous populations. Also, R. marmoratus is
quite aggressive, requiring that adults be held singly or be given
refuges when held communally. Still, although more comprehensive
testing is required and appropriate interfacing techniques applied
to complete the system, the use of R. marmoratus, including the
novel application here, has potential promise in water quality
management.,

Acknowledgments. I thank N. A. Chamberlain, M. P. Chasar,

C. R. Cripe, W. P. Davis, J. B. Graham, C. A. Mclean,

Susan J. Roberts, J. W. Smiley, and particularly C. C. Koenig.
This study was supported by EPA grant R805469 01 (C. C. Koenig,
P.I.), a grant from the Slocum-Lunz Foundation, and a NSF Pre-
doctoral fellowship to the author.

REFERENCES
Abel DC (1981) An ecological basis and adaptations for emergence

37



in the cyprinodontid fish Rivulus marmoratus. M Sc thesis,
College of Charleston, Charleston, SC

American Public Health Association (1976) Standard methods for
the examination of water and wastewater. 1l4th ed Washington, DC

Buikema AL, Niederlehner BR, Cairns J Jr (1982) Biological
monitoring part IV - toxicity testing. Water Res 16:239-262

Cairns J Jr, van der Schalie WH (1980) Bioclogical monitoring
part I - early warning systems. Water Res 14:1179-1196

Cripe CR, Cripe JH, Livingston RJ (1975) Apparatus for
quantitative determination of locomotor activity patterns of
aquatic organisms using infrared light-emitting diodes. J Fish
Res Bd Can 32:1884-1886

Dorris, TC, Gould W, Jenkins CR (1960) Toxicity bioassay of oil
refinery effluents in Oklahoma. In: Biological problems in water
pollution. Trans 1959 Semin RA Taft Sanit Eng Cent

Ellis MM (1937) Detection and measurement of stream pollution.
Bull Bur Fish 48:365-437

Finney DJ (1971) Probit analysis, Cambridge University Press

Harrington RW Jr (1963) Twenty-four-hour rhythms of internal
self-fertilization and of oviposition by hermaphrodites of
Rivulus marmoratus. Physiol Zool 36:325-341

Harrington RW Jr, Kallman KD (1968) The homozygosity of clones
of the self-fertilizing hermaphroditic fish Rivulus marmoratus
Poey (Cyprinodontidae, Atheriniformes). Am Nat 102:337-343

Kallman KD, Harrington RW Jr (1964) Evidence for the existence
of homozygous clones in the self-fertilizing fish, Rivulus
marmoratus Poey. Biol Bull 126:101-114

Koenig CC, McLean CA (1980) Rivulus marmoratus: a unique fish
useful in chronic marine bioassays of halogenated organics.

In Jolley RL, Brungs WA; Cummings RB (eds) Water chlorination:
environmental impact and health effects, vol 3. Ann Arbor
Science, Ann Arbor, Mich, p.827

Kramer DL (1983) Aquatic surface respiration in the fishes of
Panama: distribution in relation to risk of hypoxia. Env Biol
Fish 8:49-54

LaRoche G, Eisler R, Tarzwell CM (1970) Bioassay procedures
for oil and oil dispersant toxicity evaluation. J Water Poll
Contr Fed 42:1982-1989

Lewis WM Jr (1970) Morphological adaptations of cyprinodontoids
for inhabiting oxygen deficient waters. Copeia 1970:319-326

Oseid D, Smith LL Jr (1972) Swimming endurance and resistance
to copper and malathion of bluegills treated by long-term
exposure to sublethal levels of hydrogen sulfide. Trans Am Fish
Soc 101:620-625

Rosen DE (1973) Suborder Cyprinodontoidea. In Fishes of the
western north Atlantic. Mem Sears Found Mar Res Num 1 Part 6

Rosenberger DR, Long E, Bogardus EF, Hitch R, Hitch S (1978)
Considerations in conducting bioassays. US Army Engineers Water-
ways Experimental Statiom, Vicksburg, MS, Tech Rep D-78-23
Schimmel SC, Hansen DJ, Forester J (1974) Effects of Aroclor
1254 on laboratory-reared embryos and fry of sheepshead minnows
(Cyprinodon variegatus). Trans Am Fish Soc 103:582-586

Smith WE (1973) A cyprinodontid fish, Jordanella floridae, as
a laboratory animal for rapid chronic bioassays. J Fish Res Bd

38



Can 30:329-330
Steel RGD, Torrie JH (1980) Principles and procedures of
statistics, McGraw-Hill, NY
US EPA (1975) Methods for acute toxicity tests with fish,
macroinvertebrates and amphibians. Office of Research and
Development, National Technical Information Service,
Springfield, VA (EPA-600/3-75-009)
Van Horn WM Jr, Anderson JB, Katz M (1949) The effect of kraft
mill wastes on some aquatic organisms. Trans Am Fish Soc
79:55-63

Received November 1, 1983; accepted November 29, 1983.

39



