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ABSTRACT

Intensive stream surveys were conducted on Maui and Kaua'i in Hawaiian

island streams during October 1979 through 1982 to investigate whether the

presence of predaceous eleotrids in terminal reaches of low-gradient streams

excluded the rare goby, Lentipes concolor, from this habitat and restricted

it to higher elevations. An attempt was also made to determine whether a

correlation exists between seasonality of stream discharge patterns and the

two life history parameters (spawning and recruitment) of the indigenous,

diadromous species. Two small perennial streams, Pua'aluu and Pepeiaolepo,

on the island of Maui, and another small stream, Maunapuluo, on the precipi

tous Na Pali Coast of Kaua'i were selected as study areas.

Although evidence indicated that Eleotris sandwicensis preys upon

gobies and rarely coexists with Lentipes, many other factors infZuence the

effectiveness of Eleotris as a predator. Factors affecting the distribution

and abundance of Lentipes are complex.

No sharply defined periodicity Was found in the recruitment of diadro

mous fishes, crustaceans, or mollusks. In-stream factors, among-stream and

among-island differences in physical and biotic parameters apparently make

recruitment into small Hawaiian streams an event in which chance plays a

dominant role. In larger streams these stochastic processes may be averaged

out and populations of these indigenous animals are more stable. The impor

tance of these physical, biotic factors in determining the disturbance of

populations of native stream fauna is discussed.
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INTRODUCTION

Streams on oceanic high islands are of considerable interest because
of the relationship between their ephermeral nature and the evolutionary and
ecological peculiarities of their life forms. Familiar freshwater fauna
from continental rivers are absent from oceanic islands because these pri
mary freshwater fishes are physiologically incapable in surviving trans
oceanic crossings (Ford and Kinzie 1982). Thus, the biotic invasion and
radiation in Hawaiian streams is a paradigm of island evolution.

Hawaiian streams are the principal freshwater habitat of a unique and
potentially threatened fauna which evolved in response to selection pres
sures imposed by the streams themselves. Changing watershed conditions
brought about by man are a potential threat to these populations; therefore,
an evaluation of the species requirements is a necessary prerequisite for
rational decision making on endangered species. Studies on the ecology of
freshwater stream species and the relationship between the distribution and
abundance of the native freshwater biota, as well as the physicochemical
characteristics of the habitat, are necessary in evaluating populations of
a threatened fish, such as the goby.

In the upper reaches of Hawaiian streams, the predominant native fishes
are goboid species; in the lower reaches, several itinerant marine species,
one indigenous goby, and an endemic eleotrid occur. All the native fishes
that are restricted to fresh water as adults are diadromous. Sexually
mature fishes breed in fresh water, but the newly hatched larvae are swept
out to sea where they mature as part of the marine zooplankton community.
After the larval phase of development, the larvae move inshore to stream
mouths where they metamorphose and begin their upstream migration.

In Hawai'i, five native species of freshwater fishes, four true gobies,
and one eleotrid have been reported by Gosline and Brock (1960) and Timbol
and Maciolek (1978). The term "freshwater" as used in this report refers
only to those peripheral fishes described by Myers (1938). The current zoo
geographic status of Hawaiian freshwater macrofauna is given in Table 1.
One fish species, Lentipes concoZor, has received attention since it was
suggested by Maciolek (1978) that the species be given federal protection
under the Endangered Species Act. Although this action has not been pursued,
concern for populations of this species has led to several research projects
designed to increase our knowledge of this fish.

Of the five native stream fishes, EZeotris sandwicensis, an eleotrid,
lacks the fused pelvic fins characteristic of the true gobies. Thus, it is
not able to surmount waterfalls and to inhabit the middle and upper reaches
of streams as the true goby can. E. sandwicensis is carnivorous (Timbol
1972; Maciolek 1981) and preys on small benthic invertebrates as well as
fishes, including gobies. Since the distribution of E. sandwicensis is limi
ted to the lower and terminal reaches of streams, it is not found in streams
that discharge into the ocean as falls or precipitous cascades. Thus, re
turning juvenile gobies would not be subject to predation in these streams by
this eleotrid. Adult L. concoZor, on the other hand are chara-teristically
found in upstream areas (Maciolek 1977). As noted earlier, L. concoZor may
be the rarest of the Hawaiian gobies and the species with the most limited
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TABLE 1. CURRENT ZOOGEOGRAPHIC STATUS OF CRUSTACEANS,
FISHES, AND A GASTROPOD IN HAWAI IAN STREAMS
INVESTIGATED DURING THIS RESEARCH

Species

CRUSTACEANS

Atya bisulcata

Macrobrachium lar

M. grandimanus

FISHES

Awaous stamineus

Stenogobius genivittatus

Lentipes concolor

Sicyopterus stimpsoni

EZeotris sandwicensis

Kuhlia sandvicensis

GASTROPOD

Neritina granosa

Hawaiian Name

lopae kala'ole

Tahitian prawn

lopae 'oeha'a

IO'OpU nakea

IOIOpU naniha

IOIOpU alamo'o

IOIOpU nopi I i

IOIOpU akupa

aholehole

hihiwai

Status

Endemic

Introduced

Endemic

Possibly
endemic

Indigenous

Endemic

Endemic

Endemic (7);
may not be
valid species

Endemic

Endemic

distribution. Initial observations indicated that, in a stream with termi
nal falls or cascades, L. concolor was not only surprisingly abundant, but
also that it occurred uncharacteristically near the sea.

From these observations, three hypotheses were generated: (1) streams
with a terminal falls were expected to have large populations of Lentipes
concoZor, and this species would dominate the ichthyofauna in the stream;
(2) in streams whose lower reaches were characterized by long, low gradients,
populations of Eleotris sandwicensis would restrict L. concoZor to the higher
reaches where the latter species would be safe from predation; and (3) in
the second type of stream, the population density of L. concoZor would be
low, which is typical of this species in Hawai' i. The term "Lentipes stream"
was coined for the former type of situation (Kinzie and Ford 1979) and
should be noted as differing from that of Timbo1, Sutter, and Parrish (1980)
who defined a "Lentipes stream" as one in which the species is "present in
any number."

RESEARCH OBJECTIVES

The three objectives of this study were (1) to complement the Timbol,
Sutter, and Parrish (1980) report by carrying out intensive studies on a
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small number of streams to further identify important habitat characteris
tics of Lentipes concolor; (2) to evaluate the predation hypothesis as an
explanation of the variable population densities of L..concolor (Kinzie and
Ford 1979); and (3) to correlate information on the life history character
istics, not only of L. concolor, but also of other stream fishes, diadromous
crustaceans, and mollusks, with stream physicochemical and hydraulic param
eters.

The major study areas were two streams on Maui and one on Kaua'i; also
included were observations of stream fauna on the islands of Moloka'i, O'ahu,
and Hawai'i .(Fig. 1).

SCOPE OF STUDY

Previous work by Timbol, Sutter and Parrish (1980) consisted of a gen
eral, one-time survey at selected streams throughout Hawai'i conducted to
estimate the geographic distribution of Lentipes concolor and to evaluate
and correlate habitat parameters. The work reported herein complements this
information and other studies (Couret 1976; Ego 1956; Kubota 1972; Lau 1973).
Repeated and regular visits were made to the three study streams that charac
terize Lentipes and non-Lentipes streams (our definition) throughout a sea
sonal cycle. In addition to the general physicochemical description of
stream waters, data were obtained for discharge, stream profiles, and habi
tats of the study streams to further describe the requirements of L. con
color. Biological information consisted of intensive studies of the popula
tions of L. concolor, other fishes, crustaceans, and, to a lesser extent, a
stream mollusk.

A particularly important task of this study was our attempt to deter
mine the extent of correlation of life history events of the stream species
with physicochemical and hydraulic parameters of the study streams. Because
of the diadromous nature of the species under consideration, streamflow
regimes were expected to be an important factor in the life history of L.
concolor. The timing of spawning, hatching, and recruitment back into the
streams were considered to be key events in the life of the species under
study.

Hawaiian streams have been characterized by Maciolek (1978) as continu
ous with year-round discharge to the sea, or as interrupted where discharge
to the sea is not continuous and is often restricted to the rainy season.
The upper reaches of interrupted streams may have year-round, flowing water
even when the lower reaches have no discharge to the sea. Intermittent
streams are those streams which carry surface water only after substantial
rains. The release of larvae in the upper reaches of interrupted streams
would involve the risk of losing the entire clutch if the stream were not
flowing to the sea at the time that the eggs hatched. This occurrence would
be avoided either by timing the seasonality of the spawning so that it co
incided with the season of highest flows, or by linking the spawning to an
in-stream signal or trigger that marked a high flow event, when passage to
the sea would be most likely to be successful. Although Timbol, Sutter,
and Parrish (1980) analyzed L. concolor gonads, they did not report data
for estimated fecundity or whether any seasonality occurs in the reproduc
tion 0 f this species. Ego (1956), who studied the Hawaiian freshwater

!
l
!

I
I
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goby, Awaous stamineus, reported that spawning was concentrated from August
to November. In addition, he stated that spawning of this species may be
preceded by downstream migrations, usually in conjunc~ion with high-flow
episodes. Tomihama (1972) noted that Sicyopterus stimpsoni, another
Hawaiian goby, spawned between August and March, with a peak in activity
during the winter. The spawning periods appeared to vary somewhat between
streams. Price (1973) notes that peak seasonal rainfall generally occurs
from October to April.

The second important event in the life history of diadromous gobies is
recruitment back to a stream after a period of time in the marine zooplank
ton. Streamflow conditions are hypothesized to play an important part in
this event since the discharge imparts important ecological information to
the fry. The mouth of an intermittent stream which happens to be flowing
at the time of recruitment may attract fry that are ready to metamorphose;
however, any of these ind~viduals that recruited into such a stream would
die when prolonged dry conditions caused the streambed to dry. On the one
hand, recruitment might be postulated to take place during the times of
lowest flow (June-September) since only perennial streams would be likely
to be flowing into the sea at that time, thus increasing the chance that an
appropriate stream habitat would persist during the adult life of the indi
vidual. In addition to this signal function, low streamflows might make
access into the stream easier for the fry. On the other hand, the signal
that enables the larvae in the ocean to locate a freshwater source might be
at its lowest leve~;in the dry season; therefore, successful recruitment
might require a fairly substantial discharge. Evidence from Ego's (1956)
work on Awaous stamineus suggests that this species recruits from December
through July with a peak in March and April, which supports the second
hypothesis.

Large numbers of gobies were not sacrificed for examination of gonads
because this procedure would have substantially decreased the populations
in the study streams. Instead, the study of spawning was restricted to an
external evaluation of the reproductive condition of the female gobies. Ex
amination of accidentally killed individuals showed, however, that this was
an inaccurate measure of fecundity. We were able to judge reproductive
conditions and the recruitment of stream crustaceans, as well as the egg
laying and recruitment of the mollusk, Neritina granosa.

The extent to which stream populations of the goby, Sicyopterus stimp
soni, and the mollusk, N. granosa, show genetic differentiation between
streams and between islands was studied. If larvae from all streams
throughout the Hawaiian archipelago are well mixed, little differentiation
among populations from different islands should occur. These same results
could also indicate that populations from one or a few streams were supply
ing larvae for all the streams. But if larvae were retained by ocean cur
rents close to the stream where they were spawned, marked population differ
ences between islands and perhaps even between streams could occur.

Because we did not wish to kill individuals and since information is
available on the feeding habits of Lentipes concoZor (Lau 1973) as well as
several other species, feeding or food habits were not investigated.

A mark-recapture program was initiated to assess the extent of within-
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stream movement of L. concolor and S. stimpsoni. Although the primary in
tent of this project did not include population size estimates, rough popu
lation size estimates of these goby species in Pua'alu'u stream (one of our
study locations) are presented.

SITE DESCRIPTIONS

The major study areas are Pua'alu'u and Pepeiaolepo streams on the
island of Maui, and Paunapuluo stream on Kaua'i. Although observations of
stream animals on the islands of Moloka'i, O'ahu, and Hawai'i are also in
cluded, only the major study areas are described here.

Pua'alu'u Stream, Maui

Pua'alu'u stream is a small, exorheic, second-order stream which
drains 63 ha (156 acres) of pasture land near Kipahulu in East Maui (Fig. 2).
A detailed description of the stream is given by Kinzie and Ford (1979).
The longitudinal profi Ie of the stream is illustrated in Figure 3. Pua' alu' u
discharges into the sea across a steep, terminal cascade about 5 m (16 ft)
in height. There is a diversion of flow at an elevation of 290 m (952 ft),
and two diversions exist where the road crosses the stream.

STATION 1. Station 1 consists of a pool just above the terminal cas
cade. The pool, which is about 5 m above sea level, is roughly circular,
with a 5 to 7 m diameter. The deepest point is slightly over 1 m, but much
of the area is covered with less than 0.20 m (8 in.) of water. The bottom
is bedrock which is covered with thick, soft sediment and organic detritus
during extended periods of low flow. Pools accumulate a great deal of lit
ter, mostly dead Pandanus spp. leaves. No vegetation overhangs Station 1.

STATION 2. Station 2 consists of a cascade which is about 10 m (33 ft)
in length and drops approximately 3 to 4 m. The water depth never exceeded
0.30 m (12 in.) during our study. Because of the rapid water movement,
which is always faster at this station than at Stations 1 and 3, sediments
do not accumulate here. The substratum at this location is entirely bed
rock. Station 2 is overhung throughout its length by vegetation, primarily
Pandanus.

STATION 3. Station 3 contains riffles and small pools. The streambed
drops 6 m (20 ft) over the 20-m (66-ft) length. Sediments in the pools
range from silt to gravel with periodic accumulations of organic detritus,
mostly leaves. The riffles here flow across cobbles and bare rock. Most
of this site is overhung by vegetation, but the pools are partly open to
solar radiation.

Pepaiaolepo Stream, Maui

Pepeiaolepo stream drains a heavily forested, 200-ha (494-acre) water
shed which is continuous with the eastern boundary of Pua'alu'u watershed
(Fig. 2). The longitudinal profile of Pepeiaolepo is shown in Figure 4.
The headwaters of the larger tributary, Hahalawe stream, are at an elevation
of 1 006 m (3301 ft). The small tributary, Maluhianaiwi, originates at an
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elevation of 497 m (1630 ft) and joins Hahalawe at an elevation of 8 m
(26 ft), roughly 180 m (590 ft) inland from the stream mouth. The terminal
reach of this exorheic stream is called Pepeiaolepo. Total tributary length
is approximately 5 400 m (17,717 ft).

The two tributaries flow across a large planeze of Kula series lavas,
which extend from Pipiwai stream in Kipahulu Forest Reserve eastward to
Waiho'i Valley (Stearns and Macdonald 1942). These lavas are far less per
meable than either the underlying Honomanu basalts or the recent Hana series
rocks, and tend to channel surface runoff and spring flow into perennial
streams. Although the USGS quadrangle maps indicate that the two tribu~

taries are intermittent, field observations indicate that they are, in fact,
continuous. Pepeiaolepo stream is not,gaged, and there are no known diver
sions of flow.

As seen in the longitudinal profile of this stream (Fig. 4), the termi
nal reach has a virtually flat gradient. The stream discharges across a
cobble rampart into the sea during freshets. Over prolonged dry periods,
the rampart is elevated by wave action forming an impoundment that contains
a long pool at the terminal reach. On closer inspection, we observed the
stream flowing to the sea through this rampart via subsurface and inter
stitial flow. The continual pattern of rampart accretion and erosion con
tributes to the constantly changing geometry of the terminal pool. High
streamflows have also been responsible for altering the shape and bed charac
teristics of the sampling stations. Storm waves may penetrate upstream for
a distance of almost 40 m (131 ft).

Riffles and long, shallow pools constitute the principal flow regimes
throughout the study reach. Substratum consists of small boulders, cobbles,
and coarse gravel and is generally free of silt. Relative sediment size in
creases upstream. Waterfalls mark the upper boundaries of the study reach
on the two tributaries.

The soil types within the watershed are almost entirely rough, mountain
ous lands (Foote et ale 1972). Riparian vegetation consists primarily of
hala (Pandanus spp.), guava (Psidium guajava), hau (Hibiscus tiliaceus),
kukui (Aleurites moluccana), mango (Mangifera indica), and ti (Cordyline
terminalis). Ground cover is comprised of a variety of introduced and indi
genous ferns and vines. The vegetation of this watershed differs consider
ably from the lower reaches of the adjacent Pua'alu'u watershed (Kinzie and
Ford 1979) where the dominant plants are limited to hala and naupaka
(Scaevola taccada).

STATION 1. We established our first station at the terminal pool
created by the boulder rampart. Because fishes were difficult to collect by
electroshocking in this pool (see Methodology), a new Station 1 was estab
lished about 60 m (197 ft) inland froln the stream mouth, at an elevation of
0.5 to 1 m (1.6-3.3 ft). This station consists of riffles and small (less
than 0.5-m) falls, flowing over and around large boulders. The substratum
at Station 1 is mostly gravel and cobbles with little silt or detritus
accumulation. Vegetation completely shades this site.

STATION 2. Station 2 is approximately 45 m (148 ft) in length but
drops less than 3 m(10 ft) in this distance. The station is similar to
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Station 1, consisting mostly of riffles flowing around large boulders.
There are a few small pools, a feature that Station 1 lacks, but otherwise
the substratum and flow. regimes are similar. The canopy over Station 2 is
only slightly less than that of Station 1.

STATION 3. Station 3 is complex, consisting of the lowest reaches of
Maluhianaiwi and Hahalawe and their confluence. Hahalawe is by far the
larger stream and dominates Station 3 in terms of sampling area and dis
charge. This station includes several large pools as well as two falls
higher than 2 m (7 ft). Very large boulders dominate much of this reach.
Less than 4 m (13 ft) of the lower reach of Maluhianaiwi were included in
this station. The substratum at this site is mostly gravel and cobbles in
the pools, and boulders and bedrock in the riffles and falls. Because of
its low flow, Maluhianaiwi has a substantial amount of accumulated organic
litter and silt. For the duration of the study period, this station was
shaded to about the same extent as Station 2.

Maunapuluo Stream, Kaua ' ;

Maunapuluo, which is the smallest of our three study streams, drains a
71 ha (175 acre) wooded basin along the precipitous Na Pali coastline of
Kaua'i (Fig. 5). The total length of this second-order stream is 960 m
(3150 ft). The stream originates at an elevation of approximately 334 m
(1096 ft) and flows down a steep gradient to the sea (Fig. 6). Maunapu1uo
discharges into the ocean over a 14 m (46 ft) high, terminal falls. The
stream is neither gaged nor diverted. The popular Ka1alau Foot Trail
crosses the two major tributaries of this stream just above their conflu
ence at an elevation of about 64 m (210 ft).

The watershed is underlain by rocks of the relatively old and generally
highly permeable Na Pali series lavas (Macdonald, Davis, and Cox 1960). A
major portion of the streambed itself consists of poorly to moderately well
consolidated alluvium graded to former base levels. Several dikes exist at
lower elevations along the stream banks. Watershed soils are rough, moun
tainous land (Foote et al. 1972).

Small pools interspersed by precipitous cascades and riffles represent
the predominant flow types within this continuous stream. The substratum
within the study reach consists of large boulders and cobbles interbedded
with coarse volcanic ash, gravel, and decaying vegetation. The steep walls
of the stream channel along the terminal and lower reaches are friable and
prone to continual erosion. The stream below the trail receives frequent
sediment-laden runoff generated by erosion resulting from heavy foot traffic
along the trail.

The riparian vegetation in the lower reaches (Stas. 1, 2, 3) is domi
nated by hala, and also includes guava, a sedge (CZadium Zeptostaehyum),
naupaka, and numerous small ferns and grasses. The middle reaches of the
stream, including Station 4, are characterized by dense vegetation which
forms a continuous canopy over the stream. Plants in this area include
kukui, 'ie'ie (Freyeinetia arboria), hala, and 'awa (Piper methysitieum).
Large 'ape (AZoeasia maerorrhiza) line the banks at Station 4.

STATION 1. Station 1, at an elevation of about 27 m (89 ft), is
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located at the upper lip of the terminal cascade and falls. The station
consists of a pool that drains into the cascade and a section 6f riffles
that leads into the pool. The riffle section contains large boulders divid
ing the stream into several small rivulets. Sediment from the trail often
forms large bars that line the stream during periods of low flow. At times,
filamentous algae traps silt and forms a mat that can completely cover the
bottom. The riparian vegetation at this station consists almost entirely of
hala, which partially shades the stream. After a severe wind storm, which
also carried salt spray inland, ha1a leaves were shredded and later died,
leaving most of the ha1a trees along the coast partially bare. Several
months elapsed before the cover returned to the pre-storm level. During
this period, perhaps in response to increased solar radiation, the algal
growth at Station I increased noticeably.

STATION 2. Station 2 is dominated by a 5 m (16 ft) high waterfall.
The remainder of the station consists of the plunge pool at the base of the
falls and a 5 to 6 m (16-20 ft) long riffle section. The substratum in the
falls itself is bedrock, but the plunge pool at the base was usually covered
with the same filamentous algae that occurred at Station 1. This algal mat
and the trapped silt coated most of the plunge pool. The riffle section,
like that at Station 1, consisted of boulders and a few small pools. The
substratum of the pools was unconsolidated sediment washed down from the
trail. Station 2 is heavily shaded by hala trees. Stream discharge was
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estimated by measuring water velocity at the outlet of the plunge pool.

STATION 3. Station 3 consists of several 2 to 3 m (7-10 ft) falls and
cascades interspersed with quiet pools. Riffles exhibit little of the algae
seen at Stations 1 and 2, but pools contain large amounts of fine sediment.
The canopy here is similar to that at Station 2.

STATION 4. Station 4 is upstream of the trail at an elevation of 73 m
(240 ft). The station is about 30 m (98 ft) in length, most of which is
comprised of a long, relatively low, gradient cascade. A small pool is at
the head of the cascade and aIm (3 ft) high falls marks the upper boundary
of the station. The substratum is bedrock and a few, scattered boulders.
Extensive stretches of bedrock are covered with the encrusting rhodophyte
HiZdenbrandtia. Station 4 is densely shaded throughout its entire length.
The vegetation upstream of the station contains a high proportion of native
plants.

METHODOLOGY

Water temperature and conductivity were measured with a Yellow Springs
Instrument Co. Model 33 S-C-T meter. Temperature readings were frequently
checked in the field using a hand-held mercury thermometer, which was also
used to obtain air temperatures. An Analytical Instruments, Inc. Model 107
pH meter, calibrated with standard buffer before each reading, was used to
measure pH. All physicochemical measurements were taken at the same loca
tion for each visit to each station.

Routine velocity measurements, using a Pygmy current meter, were taken
at the same sites on each visit. Because of the narrow stream width at each
of the study stations, velocity was measured at a single depth in accordance
with established USGS methodologies. Stream velocity was determined as the
mean of three to five velocity measurements.

Fish and crustaceans were captured at each study station by using a
Coffelt Model BP-3, battery operated electroshocking device. The limita
tions of using electroshocking as a collecting method have been discussed by
Maciolek and Timbol (1980), Riggs (1953), and Larimore (1961). The differ
ences in susceptibility to electroshocking and behavioral traits of species
and life history stages are problems encountered in fish capture. These
factors are usually further exacerbated by water quality and streamflow fac
tors. Field observations indicated that when soft stream bottoms were
present, most adult gobies would burrow into the bottom as soon as electro
shocking was initiated. These fishes could not be captured. The electro
shocker was not effective in large pools; instead, shocking was most effec
tive in sections of swiftly flowing waters with bedrock or cobble substratum.
Juvenile gobies appeared to be unaffected by the electroshocker. Crusta
ceans were effectively collected in most situations. Because of these fac
tors, the study stations were established in reaches that would give the
best results, given the limitations of the equipment.

A small seine ('opae net) was always used with the electroshocker. Be
fore shocking commenced, the net was placed immediately downstream of the
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area to be sampled so that stunned or startled organisms would not be lost
down-current. At each visit to a study site, two episodes of shocking sepa
rated by 20- to 30-min intervals were conducted at each station. The ori
ginal intent of the two electroshocking episodes was to use the difference
between the two catches as a measure of the effectiveness of fishing effort;
however, the results were so variable as to be useless for this purpose.
Attempts were made to maintain a constant capture procedure at each station
so that results from the same station on different days might be compared.
But changing stream conditions and equipment malfunctions sometimes made
this goal difficult to attain. Between-station equality'could not even be
approximated because of the great differences in the stream configuration
at each station. The catch data presented in this study combine individuals
taken in the first and second shocks unless otherwise noted.

Each fish caught was measured to the nearest millimeter standard length
(SL). The species, sex, and-when possible-the reproductive state of each
fish was recorded. All fish over 30 mm SL were color tagged with a station
specific mark to determine the extent of between-station movement. The
marks consisted of acrylic paint injected subcutaneously. Fish less than
30 mm were considered too small to safely inject. Except for the heavily
pigmented eleotrid, injections were made into the epaxial muscle mass pos
terior to the vent; EZeotris sandwicensis was tagged ventrally posterior to
the vent.

Tagging was accomplished without adverse effects; however, very small
individuals sometimes appeared to be injured. All marked fish were kept in
buckets of water for about 10 min to determine whether any immediate trauma
had occurred. The condition of recaptures indicated generally that tagging
did not have an adverse effect, although a few individuals (less than 2%)
showed some infection or edema at the injection site. The lifetime of the
tags was estimated from observations of gobies held in aquaria. Results
varied; however, a well-tagged fish will be recognizable at least three
months after tagging.

After the 10-min holding period, tagged fishes were returned to the
middle of the stream station and observed to determine that all were able
to swim away successfully. On only one occasion was predation observed on
a recently tagged fish (a Macrobrachium Zar captured and consumed a small
Sicyopterus stimpsoni). Non-gobioid fishes were noted and counted but not
measured or marked. Because capture success of small fishes in our seine
was poor, all sexing, measuring, and tagging studies were made on fishes
30 mm SL or larger.

The differentiation among postlarval, juvenile, and adult crustaceans
was somewhat arbitrary, but fully pigmented individuals were considered to
be adults. All adults were enumerated and the presence of embryos under
the abdomen of females (berried) was also noted to determine breeding peri
odicity. The native prawn, Macrobrachium grandimanus, and the introduced
Tahitian prawn, M. Zar, were treated in the same way as the native shrimp,
Atya bisuZcata. Captured prawns were sexed and graded into four arbitrary
size classes: Large (Carapace Length [CL] > 37 mm), medium (CL = 27-37 mm),
small (CL = 16-26 mm), and juvenile (CL < 16 mm). The percent of berried
females was determined, as well as the presence of other stream fauna.
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To determine the extent of between-stream and between-island isolation
of diadromous species populations, some exploratory population genetic
studies were conducted. Horizontal starch gel electrophoresis was per
formed on tissues of two species, the mollusk, Neritina granosa, and the
goby, S. stimpsoni. Animals were either iced immediately upon capture and
subsequently frozen, or else maintained live in the field and frozen upon
return to the laboratory. One hundred fifty-three fish from six streams
representing three islands were used. One hundred ninety-seven mollusks
from four streams representing three islands were also examined.

Organs were removed and ground for analysis. Samples were homogenized
with an equal volume of 0.1 M phosphate buffer, pH 7.0 centrifuged at 13 g
for 40 min, and the supernatent frozen at -80°C. Electrophoresis was per
formed according to procedures used by Selander et al. (1971). Enzymes were
resolved using the method of Shaw and Prasad (1970). Sigma starch, lot 573,
was used for this study. Whatman No.3 filter paper wicks (4.5 x 9 mm) were
used to load samples. All gels were run at half voltage for 5 min with
wicks; the wicks were thereafter removed and the gels run at full voltage for
the appropriate time. Air bubbles were removed at the origin after pulling
the wicks. A locus is considered polymorphic when the frequency of the most
common band (allele) is less than 0.99 (p = .01) or less than 0.95 (p= .05).

Twenty-three enzymes from S. stimpsoni were analyzed. Of these only
two definite polymorphic loci (isocitrate dehydrogenase and NAD-dependent
malate dehydrogenase) were resolved. Seven other loci appeared to be poly
morphic, but they had low levels of variation.

Thirty-four enzymes from N. granosa were assessed. Of these, four poly
morphic loci were resolved: aspartate amino transferase, glucose phosphate
isomerase, isocitrate dehydrogenase, and umbelliferyl estergse.

DISCUSSION OF RESULTS

Water temperatures in the study streams ranged from 17.9 to 23.8°C
(Table 2). The study streams exhibited temperature minima in the spring
(February-May) and a maximum in late summer (July-September) as shown in
Figure 7. The main reaches of the three streams do not differ by more than
2°C in either the ranges or their maximum and minimum temperatures. Maluhi
aniwi, the smaller of the two tributaries of Pepeiaolepo, was consistently
1 to 3°C higher than Hahalawe, the larger tributary. Hahalawa with its sub
stantially greater flow determines the temperature of Pepeiaolepo. The
smaller tributary of Maunapuluo similarly exhibits a greater temperature
range than the larger tributary or the reach below their confluence (Fig. 2).
The temperature ranges seen in the study streams fall within the range typi
cal of unaltered Hawaiian streams (Norton, Timbo I , and Parrish 1978; Timbol
and Maciolek 1978), and are well within the known tolerance range of the
native animals which have been tested (Hathaway 1978).

The pH of Hawaiian streams is generally neutral to slightly alkaline
like other tropical streams flowing over volcanic rock (Bright 1982). Or
ganic acids from decomposing plant material in the watershed may at times
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TABLE 2. TEMPERATURE, CONDUCTIVITY, AND pH MEASUREMENTS,
MAUNAPULUO STREAM, KAUA'I, 1980-1981

TEMPERATURE CONDUC-
DATE Ai r Water TlVITY pH

-~-----(OC) _______ (llmhos)
STATION 1

02/23/80 19.5 130 8.3
03/29/80 20 120 8.2
03/29/80* 19.2 130 7.9
OS/24/80 21.5 130 8.2
08/27/80 23 120 7.8
10/18/80 21.5 120 7.8
11/28/80 24 21 135 8.4
02/15/81 26 20 185 8.2
04/11/81 28 21.7 125 8.2
05/16/81 26 19.5 130 8.4
07/25/81 32.8 22 115 8.0
09/12/81 25.6 22 145 8.4
12/12/81 26.7 20 130 8.4

STATI ON 2
02/23/80 20 132 8.0
03/,29/80 19 122 8.4
OS/24/80 22.5 t 7.8
08/27/80 22 140 8.0
10/18/80 18 129 8.5
11/28/80 25.5 21 180 7.8
02/15/81 27 20.5 127 8.1
04/11/81 24.4 18.5 115 8.0
05/16/81 21.1 not 7.8
05/17/81 27 20.6 135 8.2
07/25/81 25 23.3 125 7.7
09/12/81 24.4 22.2 140 8.0
12/12/81 22.2 20 250t 8.2

STATI ON 3
02/23/80 21 135 8.4
03/29/80 18.5 230 8.2
OS/24/80 20.5 250t 7.9
OS/25/80 21 120 7.4
08/27/80 24 145 7.7
10/18/80 17.9

,
118 8.4

11/28/80 21 400t 7.6
02/15/81 18.5 131 7.2
04/11/81 22.2 22 135 7.9
05/16/81 21 140 7.7
05/17/81 27 21 140 8.0
07/25/81 23.3 390t 7.6
09/12/81 23.8 160 7.5
12/12/81 25.6 20.5 240t 8.0
*Measurements taken after a spate.
tMeter not operational or readings doubtful.
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result in more acidic water (Kinzie and Ford 1977). The pH of the study
streams ranged from 6.9 to 8.4 (Tables 2-4). A few readings of 9.0 or
greater are suspect and may be due to problems with the measuring equipment.
As with the temperature records, the variation in pH values for the main
streams are less than the smaller tributaries. No clear seasonal trends in
pH are evident, although the three study streams show slightly lowered pH
values during the later summer and fall of 1980. Only Pua'alu'u and, to a
much lesser extent, Pepeiaolepo on Maui showed this trend in the fall of
1981. Even with the inclusion of the very high readings, the pH values fall
within the range of normal Hawaiian streams.

Conductivity is generally considered as an indicator of the total dis
solved solids in water (Cole 1979). Higher values are often seen in waters
draining agricultural areas where the application of fertilizer increases
nutrient concentrations. The conductivity values of the study streams are
shown in Tables 2 to 4. .

Conductivity values for Peoeiaolepo and its larger tributary, Hahalawe,
were similar in that both were well below the mean for the other streams.
Although the conductivity of Maluhianaiwi was relatively high, it did not
significantly influence the conductivity of Pepeiaolepo due to the low flow
of the smaller tributary. The conductivity values of Maunapuluo were simi
lar to those seen in Pua'alu'u. Both tributaries had similar conductivity
values. Values in excess of 1 000 ~mhos are suspect; however, as with
other parameters, the range of conductivity values in the study streams
falls within the normal range expected for Hawaiian streams.

Pua'alu'u and Maunapuluo are very small streams with discharge less
than 0.06 to .0.09 m3 /s (2-3 cfs). Pepeiaolepo was measured but it appears
to have about twice the flow of Pua'alu'u and about five times the discharge
of Maunapuluo (Fig. 8). Many Hawaiian streams respond quickly to precipi
tation in their watersheds and many return just as quickly to base flow.
Periodic instantaneous measurements, such as the kind made for this study,
cannot accurately reflect the conditions occurring in the stream from day
to day. On many occcasions, we observed bent and broken vegetation, scour,
and flotsam wedged in branches well above the stream level, indicating re
cent flooding. These sporadic events cannot but have a vital impact on the
ecology of the stream, however, without a continuous gaging record for
these very small streams, the events will·most often go undetected. To try
to fill in at least some of this missing information, precipitation data
(Fig. 9) were obtained for each study watershed as well as USGS stream dis
charge measurements (Table 5) from stream gage stations in the vicinity of
our study streams.

SPECIES ACCOUNTS
Macrobrachium lar (Fabricius)

The palaemonid prawn genus, Macrobrachium, is circumtropical and is
represented by more than 100 species. M. Zar is a widespread Indo-Pacific
species whose natural range extends from East Africa to the Ryukyus and
Tahiti. This diadromous species was introduced to Hawaiian streams in 1956.
The biology of M. Zar in Hawai'i was studied by Kubota (1972).
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TABLE 3. TEMPERATURE, CONDUCTIVITY, AND pH MEASUREMENTS,
PUA'ALU'U STREAM, MAUl, 1980-1982

TEMPERATURE CONDUC-
DATE Ai r Water TI VITY pH

-------( °C )---- --- (\lmhos)

03/22/80 21 150 7.5
03/23/80 19 150 8.7
04/05/80 21.5 130 8.4
05/17/80 20.5 ;I~ 7.8

. 06/21/80 23 140 8.0
07/26/80 24 21.5 130 7.6
08/24/80 22.5 100 7.7
09/28/80 22 142 8.0
11/23/80 26 22 90 8.0
12/27/80 28.3 22 93 9. 2i~

03/07/81 25.5 21 120 8.4
05/02/81 24.4 20 110 8.4
06/28/81 26.1 22 122 7.6
08/23/81 25.6 24 114 7.6
11/08/81 25.6 22 120 8.4
02/28/82 22.8 19.5 140 i':

03/23/82 23.9 20.5 140 7.4
NOTE: Double dashes indicate no data taken.
~'~Meter not operational or reading doubtful.

M. Zap was found in the three study streams as well as in every other
stream investigated during the course of this study. This coincides with
Kubota's findings that any Hawaiian stream discharging into the ocean will
be populated with M. Zap. Pua'alu'u had insufficient numbers of this spe
cies to allow generalizations to be made.

In Maunapuluo, M. ZaP appeared to be most abundant in the cascade
descending from Station 1, about 30 m (98 ft) above sea level, which was
also the site where the shore crab, Gpapsus grapsus, sometimes occurred.
One or two M. Zap were normally taken at Stations 1 and 2 and sometimes at
Stations 3 and 4. The numbers of individuals caught were always relatively
low in Maunapuluo.

At Pua'alu'u, M. ZaP was normally caught at Stations 2 and 3, but only
occasionally at Station 1. The individuals caught in Pua'alu'u were always
mature; small ones were uncommon and juveniles were rarely seen. Only three
or four individuals were normally taken at each station.

Pepeiaolepo has a much larger population of M. Zap. Mature individuals,
juveniles, and postlarvae were frequently caught throughout the course of
this study. Large numbers of adults were always taken at the three stations
in this stream. Thus, we selected this population to evaluate some life
history characteristics of this species.

Berried or ovigerous females, i.e., those carrying embryos, were taken
at all times of the year, but there appeared to be periods of more intense
reproductive activity. The highest percentage of berried females was
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TABLE 4. TEMPERATURE, CQNQUCTIVITY, AND pH MEASUREMENTS,
PEPEIAOLEPO, HAHALAWE, AND MALUHIANAIWI STREAMS,
MAUl, 1980-1982

TEMPERATURE CONDUC-
DATE Air Water TlVITY pH_______ (OC) _______

(llmhos)
STATION 1 (PEPEIAOLEPO)

04/07/80 21 50 8.1
05/11/80 19.5 135
06/22/80 21.5 400'1;
07/27/80 26 21 35 7.3
08/23/80 22 70 7.6
09/27/80 22 62 7.6
11/22/80 28.4 22 62 7.8
12/28/80 28.9 21.2 58 7'

03/08/81 19 40 9.0)';
05/03/81 23.3 18.5 45 8.0
06/27/81 26. 1 22 58 8.2
08/22/81 25.6 21 52 8.0
11/06/81 26.7 23 60 7.8
02/27/82 24.4 19.4 80 8. 1
03/24/82 21.1 19 59 7.4

STATION 2 (HAH]\LAWE
04/07/80 21.5 50 8.1
06/22/80 21 4200)'; 7.6
07/27/80 24 22 1000)'; 6.9
08/23/80 23 60 7.2
09/27/80 23 60 7.2
11/22/80 24.5 22 55 7.6
12/28/80 24.5 21.5 81 "i';

03/08/81 21 45 8.2
05/03/81 23.9 18.9 45 7.7
06/27/81 22 60 7.0
08/22/81 23 51 8.0
11/06/81 22.6 60 7.8
02/27/82 21.1 20 70 8.1
03/24/82 18.3 65 7.0

STATI ON 3 (MALUH IANA IW I)
04/07/80 20 118 8.0
06/22/80 21.5 1500'1; 7.8
07/27/80 22 1500)'; 7.4
08/23/80 23 130 7.6
09/27/80 23 120 7.4
11/22/80 24.5 22 135 7.7
03/08/80 22 160 7.3
05/03/81 23.9 20 125 7.8
06/27/81 24t 198t 7.2t
08/22/81 23.5 166 9. 1
11/06/81 23 100 7.4
02/27/82 22.2 20.6 140 8.5
03/24/82 20.6 18.9 118 7.4
*Meter not operational or reading doubtful.
tNo flow; standing pools.
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Figure 9. Monthly rainfall, Wainiha (Kaua'i) and Kipahulu (Maui)
stations

observed in the summer and fall. All three stations at Pepeiaolepo exhibited
this trend (Fig. 10). The peaks are quite broad, but the data support the
suggestion that some seasonality exists in the reproductive timing of M. lar.
These findings are in agreement with those of Kubota (1972).

The numbers of M. lar taken in Maunapuluo are probably too small to use
for comparison, but again there appears to be a broad--although even less
well defined--peak through the summer and fall. The percent of berried fe
males in Maunapuluo may be somewhat greater than that in Pepeiaolepo, but
the sample sizes are not large enough for valid comparisons to be made. The
percent of berried females in Pepeiaolepo in the summer and fall ranged from
50 to 70%. In Maunapuluo, 70 to 80% were berried. Kubota (1972) found more
than 90% of the female M. lar in the Kahana estuary were either berried or
spent, with residual eggs, throughout the year. It is clear that, in Pepei
aolepo and Maunapuluo, the females may be reproductively active throughout
the year.

Recruitment of M. lar may be estimated in three ways: (1) appearance
of metamorphosing post larvae; (2) appearance of increasing number of juve
niles; and (3) an increase in the larger size classes. The capture of post
larvae is fortuitous, and aside from noting their presence or absence in the
streams, nothing further can be stated about this measure of recruitment in
our studies.



TABLE 5. STREAM DISCHARGE, PALIKEA STREAM (MAUl) AND WAINIHA RIVER (KAUA'I)

STREAM DISCHARGE (cfs)
1980 1981

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

PALIKEA STREAM (USGS STREAM GAGE STA. 5010), MAUl

Total 1305.85 364.31 33. 15 376.02 1158.52 836.46 1305.55 175.63 171 .57 328.25 1670.96 336.24
Mean'1( 42. 1 12. 1 1.07 12. 1 41.4 27.0 43.5 5.67 5.72 10.6 53.9 11.2
Max. ;', 329 162 0.23 171 457 186 294 72 137 168 871 186
Min. ;'; 0.02 0.02 0.02 0.02 0.01 0.00 0.03 0.02 0.01 0.02 0.02 0.02

WAINIHA RIVER (USGS STREAM GAGE STA. 1080), KAUA'I

Total 4056 3892 2684 2342 3765 2361 4554 2653 2208 5103 4634 2232
Mean;'; 131 130 86.6 75.5 134 76.2 152 85.6 73.6 165 149 74.4
Max. oJ, 480 869 305 470 740 215 455 390 160 618 1190 214

Min.* 53 52 51 45 45 42 49 43 47 46 47 45

SOURCE: U.S. Geological Survey (1982, pp. 62, 135) .
NOTE: Data for water year 1981 (USGS).
;';Da i Iy va lues.
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Figure 10. Percent of berried Macrobrachium lar in
Pepeiaolepo stream, Maui, 1980-1982
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The juveniles (post-orbital carapace length [POCL] <16 mm) are retained
to some extent by the seine but not as efficiently as the larger individuals;
therefore, the percentage of juveniles is only a rough approximation of the
real proportion of juveniles in the population. An increase in the larger
size classes may give some indication of the maturity ·of the populations,
but differential mortality because of fishing, intraspecific competition,
breeding mortality, and predation (Kubota 1972) will all make this estima
tion fairly unreliable. Nevertheless, the data available to us were used to
estimate some features of this process.

Postlarvae were noted in February, April, and August in Pepeiaolepo.
Because of the very large number of Atya bisuZoata post larvae in Pepeiaolepo
throughout this study and the superficial resemblance between the post larvae
of the two species, M. Zar postlarvae were probably present at other times.
They may have not been noticed among the more numerous atyid postlarvae.
Post larval M. Zar were observed in Maunapuluo in October; none were ever
seen in Pua'alu'u. However, the lack of observations of this stage of M.
Zar is only very tenuous negative evidence. Unless a specific search is
made for these stages, it is likely that they could be overlooked. For this
reason, it is noteworthy that Kubota found only two post larvae (9-10 mm SL)
during the entire course of his study in Kahana Stream (which he termed
"juveniles"). He did, however, find many M. Zarposilarvae in Pahe'ehe'e
Stream on Hawai'i.

The differentiation between post larval and juvenile M. Zar in our study
was arbitrarily made (refer to Methodology). The percentage of juvenile M.
Zar in Pepeiaolepo tended to be highest in summer and fall (Fig. 11). No
marked differences occurred among the three stations in this stream, although
the proportion of juveniles may have been somewhat higher in the lower two
stations.

Juveniles can leave the population either by mortality or emigration,
where that is a possibility, or by growth into the "small" size class. The
decline in the percentage of juveniles seen in late 1981 and early 1982
seems to correspond with an increase in the percentage of small individuals
(Fig. 12). Again, this may be an artifact of our arbitrary classification
system since the decision to call an individual of a particular size "small"
instead of "juvenile" would automatically increase the proportion of indi
viduals classed as small at the expense of the juvenile size class.

The data from Maunapuluo are insufficient to demonstrate nay clear in
flux of individuals into the stream, but again, the suggestion of a very
broad and poorly defined peak in recruitment in the summer and fall exists.
Kubota (1972) found recruitment and upstream migration of small (18-30 mm TL)
animals in the Kawa tributary of Kahana Stream throughout the year.

The data from Pepeiaolepo indicate a slight increase in the proportion
of "small" relative to "medium" M. Zar in early spring 1981 and 1982 (Fig.
12). It should be remembered that in calculating the percentages of small,
medium, and large animals, juveniles are excluded from the total. Thus, the
samplings from which these percentages and the data are derived are somewhat
mroe reliable since the larger individuals are easier to catch.

The increase in the percentage of small adults in February, March, and
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April does not seem to be reflected in the proportion of large individuals.
This suggests that the adult population is augmented from the ranks of the
juveniles. Kubota suggested that some, but not all, large females may mi
grate downstream prior to breeding. Although he did not directly indicate
any seasonality for this occurrence, he expected that the peak in mating
would be evidenced by an increased proportion of large (females) relative to
medium individuals in early spring. His supposition was based on the propor
tion of fresh ovaries that he observed at that time. However, no supporting
evidence of this occurrence was noted at Pepeiaolepo.

The data from Maunapuluo suggest that large Macrobrachium lar make up a
substantially greater proportion of the population in this Kaua'i stream
than in Pepeiaolepo, Maui. Large individuals typically make up 50 to 70% of
the catch in Maunapuluo, while they comprise less than 20% of the samples
taken from Pepeiaolepo. Since fishing removes a disproportionate number of
larger individuals (Kubota 1972), any downstream migration of large females
might be masked. The fact that spearfishing for M. Zar in Pepeiaolepo
occurred might also account for the smaller proportion of large individuals
in that stream relative to Maunapuluo. Within-stream comparisons of sta
tions do not suggest any clear spatial separation of adult M. lar by size
classes.

While the number of M. lar caught at Pua'alu'u was too small to make
any comparisons with the other study streams, it is noteworthy that large
and occasionally medium-sized M. Zar were observed at Station I in this
stream. Even at the two higher stations, small and juvenile individuals
were rarely caught.

The data show that M. lar populations are dense in Pepeiaolepo, less so
in Maunapuluo, and low in Pua'alu'u in the stream reaches investigated.
Where the data are adequate, they indicate that reproduction occurs though
out the year with somewhat greater activity in the summer and fall.

Recruitment was not very well documented, but as evidenced by the
appearance of postlarvae, it is occurring regularly in Pepeiaolepo and per
haps in Maunapuluo.

Our incidental observations on this species revealed that it was abun
dant in the small north Moloka'i stream, Waioho'okalo, which drops to the
beach in a terminal falls that is at least 9 m (30 ft) high. A more or less
permanent pool at the base of this falls may serve as an appropriate habitat
before the post larvae or juveniles begin their climb up the face of the
falls. The boulder beach and the associated pool probably disappear during
winter storms. Papalaua, a moderate-sized stream, which discharges across a
low-gradient beach into the sea and which has no large falls along the lower
reach, has numerous M. lar within this area. The species was seen in the
large plunge pool at the base of the 533 m (1750 ft) high falls near the
head of the valley.

Pelekunu stream on Mo1oka'i is one of the sites where M. Zar was intro
duced into the state. Visual surveys in this large stream which has a
2 500 m (8203 ft) long, gentle gradient leading to the sea, indicated that
the species was not particularly abundant. No electroshocking was done in
this stream, whereas the shocker was used in the other two drainages (Fig.1~.
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Some interesting observations in a small tributary of Papalaua, while
anecdotal, may serve to suggest at least part of the effect that this intro
duced species has on the;native biota. The tributary is quite small. At
the time of our observation, the flow was negligible, resulting in a series
of almost isolated pools with relatively high densities of animals. In one
pool, several medium-sized M. Z.ar and a number of adult and sub-adult Len
tipes concoz'or were seen. While no obviously aggressive behavior was seen
between the two species, there was what appeared to be territorial behavior
within the fish population (see Maciolek 1977). This consisted of short
lunges which seemed to maintain individual distance among the fishes. The
behavior of the prawn might be termed "exploratory". While not directly
interacting with the fish except when within one body length, the constant
movements and searching behavior of the prawns kept the fish in constant
motion, and served to increase the number of fish interactions. Although
these observations on interactive behavior in this crowded pool might not
be typical, they indicate that, even when the fishes reach a size where
they are safe from attacks from the prawns, the behavior of the prawn may
have a negative impact on the social behavior of the fish and interfere
with important activities, such as breeding or pair formation.

Macrobrachium grandimanus (Randall)

M. grandimanus is an endemic prawn. Timbol (1972), Maciolek and Timbol
(1981), and Kubota (1972) report that this species is generally restricted
to the lowest stream reaches and estuarine habitats.

We found this species only in the terminal reach of Pepeiaolepo stream,
Maui. It is an uncommon relative ofM. Z.ar and may be negatively influenced
by the more aggressive and larger introduced species (Kubota 1972). We did
not differentiate the postlarvae of the two prawn species. Too few adult
M. grandimanus were observed to identify seasonal trends in recruitment.

Field observations of M. grandimanus habitats confirm the earlier work.
This prawn does not appear to be able to climb waterfalls, and it is charac
teristically found in the broad, lower reaches of Hawaiian streams.

Atya bisulcata Randall

A. bisuZ.cata is an endemic, caridean decapod crustacean. The genus is
circumtropical but only this species is found in Hawai'i. Couret (1976) re
vised the taxonomy of the Hawaiian form. He also presented data on the life
history of the species, which he concluded is diadromous. This crustacean
is the most common, native macrofaunal element in Hawaiian streams.

Field surveys showed that adults were abundant in Pua'alu'u at Stations
2 and 3, and were common in Maunapuluo at all stations as well as in the
reaches above the study area in both streams. Almost no adult shrimp were
captured in any of the three study stations in Pepeiaolepo during this study,
although large adult atyids were abundant in the Hahalawe tributary, some
100 m upstream of the road. On the other hand, postlarval atyids were ex
tremely common in Pepeiaolepo throughout the study. While atyid postlarvae
were occasionally collected in the other two study streams, their popula
tions never approached the densities observed at Pepeiaolepo.
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Like Macrobrachium Zar, A. bisuZcata is capable of breeding year-round
(Couret 1976). However, the atyid seems to show even less seasonality than
the prawn. Couret' s data indicated. that the 0' ahu population he studied
showed a slight breeding peak in late summer; however, he concluded that the
irregular patterns he saw in the Maui streams supported the contention that
stream conditions, particularly freshets, obscured the slight tendency for
seasonality. Our observations agree with Couret's conclusions.

The data from Pua'alu'u exhibit no clear trends in the percentage of
ovigerous females (Fig. 14). Except for a marked decline in the summer of
1981, the proportion of berried females remains near 50%. These slight
variations are generally parallel at stations 2 and 3, the only stations
with significant numbers of atyids, suggesting that the variations are real.

At Maunapuluo the percentage of ovigerous females during the winters of
1980 and 1981 (Fig. 15) showed a slight decline which is probably insignifi
cant. The percentage of berried females shows a decline in summer 1981 in
Maunapuluo and Pua'alu'u. The reasons for this correspondence are not clear
since it was at a time of low flow in Pua'alu'u and of high flow in Mauna-
puluo (Fig. 15). .

In both streams it appears that somewhat less than half of the females
are ovigerous at any time. This percentage is lower than that found by
Couret (1976) for O'ahu streams (68-82%), and Maui streams (50-63%). Be
cause we did not sex the animals in our samples, our calculations were based
on an assumed 50 to 50 sex ratio; thus, our "percent berried" is defined as
twice the percentage of the total catch that is ovigerous. Couret found
that in his O'ahu collections, females comprised only 42.2% of his sample.
If that percentage is used, our estimate of the percent ovigerous females
sould be increased by almost 10%.

Pepeiaolepo presented an entirely different situation. The almost
total absence of adults, even from Station 3, makes this a very unusual
stream. While Couret found that adults tended to occur several hundred
meters inland from the stream mouth, our Station 3, in comparison with simi
lar sites elsewhere, would be expected to have at least a fair population of
~dults. This was not the case. This stream might have been contaminated
by several instances of sewage discharge at the point where the road crosses
the stream. Of the atyids were more sensitive to the sewage than the other
stream animals in Pepeiaolepo, which appear to be at normal densities, the
pollution events might account for the paucity of A. bisuZcata.

Another striking ftature of this stream was the direct observation of
an atyid recruitment event. In February 1980, thousands of recently meta
morphosed A. bisuZcata post larvae were observed in the boulder rampart which
at that time was blocking the mouth of Pepeiaolepo. The rocks at the ~;ur

fRce of the bar were dry, but a few decimeters down' they were moist with
brackish water, and the rocks were swarming with postlarvae. These recruits
had carapace lengths of less than 2 mm and total lengths of 6 mm (measure
ments made on alcohol-preserved specimens after capture). Couret estimated
that atyids with POCL less than 2.4 mm were in their first week of benthic
existence.



32

Dec Jon Mar May July Sept Nov Jon Mar

80 Sta. I •
40 ~~- ,~,

~- ~ ", '" .__---- ................. ,'. ......... -----7"
o'---'~;.......l~--'-~-'-~--'-~--'~~"';"-'-~-'-~""""'...1-..J..=..~..:-:..:'...::L..----'--_-l.-Lo.-L--J---L---:..I""--'
o 15 0 15 0 15 0 15 0 15 0 15 0 IS 0 15 0 15 0 IS 0 15 0 15 0 IS 0 IS 0 IS 0 IS

Dec. Jon. Mar. May July Sept. Nov. Jon. Mar.

1980 1981 1982

1980

19821981

~I ::['~~:.~
w

:::E;,: ::::: :': ::.::::' :' :;]
~ 0 IS 0 IS 0 15 0 15 0 IS 0 IS 0 15 0 IS 0 IS 0 15 0 IS 0 IS 0 IS 0 IS 0 IS
a:: Jon. Mar. May July Sept. Nov. Jon. Mar.
W
a..

1980.

l::' :::: :;::;:::,:;:;:: :'J
o IS 0 IS 0 is 0 IS 0 IS 0 IS 0 IS 0 IS 0 IS 0 IS 0 IS 0 IS 0 IS 0 IS 0 IS

Jon. Mar. May July Sept. Nov. Jon. Mar.

1981 1982

NOTE: Dashed lines connect points representing small sample
sizes.

NOTE: The paired points reflect catches from the first and
second shocks.

Figure 14. Percent of berried Atya bisulcata in
Pua'alu'u stream, Maui



1981

1980::F;"': ~ ,""', •..~.: ,,~,: qJ
::l' ':'~: ~~;J

o 15 0 i5 0 15 0 15 0 15 0 15 ~ ,5 0 15 0 15 0 i5 0 15 0 15
JOIl. MlJr. M:Jy July Sept. No.".

1980

:e~" .~~: '~"'~~~'-C-'-"

o ..... :' ""',"+~

:E~~;=,~','~,:; ]
00 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 '5

Jon. Mar. Mo~ Jvly S~t. 'Jow.

1981

1980
Fe-b. Aor. June t.uq. Oct. O(C.

:r'~~i: :~~ ,~~~':d
~I :L :',:~ '~~: "':: :~:_~~J
w 0 15 0 15 0 15 0 IS 0 15 L) 15 0 15 0 15 0 15 0 15 0 15 0 15
c: Jon. Mer. Mey July Sept. Nov
0::
W
III

~

Z
W
U
0::
W
0..

1981

1980

:[ ~:~. :: ':': ~ ","': , :-':': : :'~
:[~':',:>1

o 15 0 15 0 15 0 I~ 0 15 0 15 0 15 0 15 0 15 0 15 0 15 0 15
JOI\. Mor. ~Qy ••h,d) $tpt. No...

1981

NOTE: The paired points reflect catches
from the first and second shocks.

Figure 15. Percent of berried Atya bisulcata in
Maunapuluo stream, Kaua1i

33



34

The 2- to 6-mm poct atyids taken at Stations 2 and 3 in Pepeiaolepo may
have been as old as 50 to 250 days according to Couret (1976). While the
atyids taken from the upper two stations were, in general, larger than the
individuals from the boulder rampart, some very small postlarvae (POCL 2 rom)
were collected as far inland as Station 3. Couret found a fairly regular in
crease in size at stations progressively more inland from the stream mouth.
Our discovery at Pepeiaolepo suggests that, in that stream at least, a more
irregular size frequency might be found; however, no systematic collections
were made to verify this point. No postlarvae or other atyids were taken
upstream of the 8-m (26-ft) falls in Maluhianaiwi on this date.

The occurrence of exceedingly high numbers of post larval atyids con
tinued, with some fluctuations, throughout the course of this study. On
many visits we observed postlarvae blanketing the net of the electroshocker.
Couret (1976) mentioned finding postlarval atyids with some frequency, but
he did not mention densities approaching those we observed in Pepeiaolepo.

Although systematic collections were not made for our study, some in
crease was apparent in the median size of the atyids through time. In June
1981, it appeared as though there were two distinct size classes, with the
smaller about the size of those found in the stream during the first recruit
ment episode. This might indicate that a second recruitment had taken place,
but except for the observation in February 1980, postlarvae were never seen
agaih in the boulder rampart, although a search for them was made during
each site visit.

The upstream migration of the atyids was monitored and, by June 1980,
small postlarvae had made their first appearance above the falls at Maluhi
anaiwi, and in the pool and small falls immediately upstream of that point.
No atyids have been seen at Station 4 (115-m [377·ft] elevation), about
15 m (49 ft) upstream of the falls.

The continued presence of sizeable numbers of post larval atyids in
Pepeiaolepo, and their relative rarity in Pua'alu'u and Maunapuluo, is dif
ficult to interpret without good growth data on these young stages. Couret
(1976) did rear larval and postlarval atyids in the laboratory. While the
experimental conditions probably slowed growth and development to some ex
tent, his data suggest that maturation may take a year, at which time the
animals are 4.4 to 6.0 rom POCL. Since Couret suggests that the growth rates
he obtained may be underestimated, mature adults should have been observed
in Pepeiaolepo by spring 1981. However, mature adults were not observed in
significant numbers.

In summary, Pua'alu'u and Maunapuluo streams appear typical in that
they harbor large populations of adult Atya bisuZcata, particularly in the
higher stations. The reproductive activity of these two populations in the
streams does not differ very much from that found by Couret (1976) in his
studies on O'ahu and Maui. The Pua'alu'u and Maunapuluo study streams
appeared to be receiving some sporadic recruitment of atyid postlarvae.

Pepeiaolepo, on the other hand, appears to be very unusual. Few adults
were ever taken at elevations below the road. However, vast numbers of post
larvae were present in the stream throughout the study period. While these
recruits appeared to show some evidence of growth and clearly exhibited
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tendencies to migrate upstream, no evidence of maturing adults was ever
found, either in the study stations or in portions of the stream between
the upper study site and the road.

Our observations on other streams generally support Couret. Atyid
postlarvae were seen in the small, northern Moloka'i stream, Waioho'okalo,
in June 1981. They were seen in the pool on the beach as well as in the
falls that descended to the beach. Adult atyids were seen in Papalaua
stream from the mouth to the plunge pool at the base of the falls. Adults
were also taken in a small tributary of this stream at the top of a vertical
falls at least 100 m (330 ft) high. These adults were in a small plunge
pool at the base of an even higher falls.

Atyids were more abundant in the upper reaches of Pelekunu than in the
lower reaches. Hanakapi'ai, Kaua'i, seems to exhibit a similar pattern of
atyid abundance, with upstream population densities greater than those found
near the stream mouths. This type of distribution was mentioned by Couret
(1976). There is some fishing for atyids in the lower reaches of Pelekunu
by local residents, but it is unlikely that human activities are responsible
for this pattern.

Another distributional pattern that was observed for Atya bisuZcata was
not quantitatively documented. From our inspection of catches from the
electroshocker, berried females appeared to be more abundant in small falls
and riffles than in pools or runs. This may be due to the need for oxyge
nated water for the developing embryos or to help in keeping the embryos
free of silt and other debris. Couret (1976) mentioned that berried females
spend a good deal of time preening their embryos.

Neritina granosa Sowerby

For a thorough discussion of the biology and life history of this spe
cies, refer to Ford (1979). No special effort was made during our study to
observe this mollusk. While it was not uncommon in Maunapuluo and Pua'alu'u,
Pepeiaolepo had a sizable population even though some fishing pressure for
the species occurred there.

Copulating pairs were observed in large numbers in lower Pepeiaolepo in
June 1980. Freshly laid egg capsules were seen in late summer and fall 1980
and 1981 in Maunapuluo. Fresh egg capsules were common in summer 1980 in
Pepeiaolepo and Pua'alu'u, and again in summer 1981 in Pua'alu'u. While
small N. granosa were sometimes observed, there was no obvious recruitment
into any of the study streams. In September 1981 during a vist to Lumaha'i
Stream, Kaua'i, a large number of recently matamorphosed juvenile N. granosa
were seen making their way upstream. This group consisted of thousands of
individuals forming a band 1 to 2 m wide and extending at least 50 m along
the axis of the stream. This congregation was seen at a point several
kilometers inland from the mouth. Therefore, the recruitment event and the
migration must have taken place some weeks before. Except for potential
predation by Macrobrachium Zar and birds (see Ford 1979), no depredations of
this vast number of small snails seemed to occur. This sort of mass migra
tion has been reported for this species on Maui by Ford (1979).
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Eleotris sandwicensis Vaillant and Sauvage

E. sandwiaensis is the only representative of the genus Eleotris Bloch
and Schneider (Eleotridae) in Hawai'i. However, neither Fowler (1928) nor
Koumans (1953) recognize it as a valid species. Instead, they consider it
a synonym of E. fusca (Bloch and Schneider). E. fusaa is ubiquitous through
out Oceania and the Indo-Malaysian regions where it appears to be limited to
estuaries and the terminal reaches of rivers.

Since this eleotrid lacks the sucking disk of the true gobies, it is
confined to stream reaches below the first substantial waterfall. Because
of this and its carnivorous habit (Timbol 1972; Maciolek 1981), we originally
hypothesized that streams having terminal reaches that allowed the entry of
this species would lack Lentipes aoncolor in those areas inhabited by the
eleotrid. We selected the study streams with the intention of testing this
hypothesis. Pua'alu'u and Maunapuluo, which enter the sea as steep gradient
cascades, lack the eleotrid. Pepeiaoiepo, which has a long, gently sloping,
terminal gradient, has a large population of E. sandwiaensis (Table 6).

Eleotrids, which were must abundant in the pool at the mouth of Pepei
aolepo, were caught in progressively decreasing numbers in the upstream sta
tions. However, the mean size increased as the distance from the mouth in
creased. This is, in part, an artifact of the lower numbers caught at Sta
tions 2 and 3. The largest number of juveniles was taken in May and June
1981, but as discussed earlier, this size class was not efficiently collected
with our seines.

Gut analyses were made on several individuals of a range of sizes col
lected from the terminal pool at Pepeiaolepo. The most frequently encoun
tered items were snail shells, insect parts, and atyid fragments. Bones of

TABLE 6. MEAN SIZE AND NUMBER OF ELEOTRIS SANDWICENSIS CAPTURED IN
PEPEIAOLEPO STREAM, MAUl, 1980-1982

STATION
DATE 2 3

Mean Sz. No. J. Mean Sz. No. J. M.S.

02/03/80 10.17t2.21 (9) [0] 6.76t2.68 (8) [0]
05/18/80 10.00tO.71 (2) [0] 8.7
06/22/80 10.17t2.60 (3) [0] 10.9
07/27/80 9.78tl.99 (4) [0]
08/23/80 12.67t3.35 (3) [oj
09/27/80 7.61tl.93 (7) [2] 9.05t O.92 (2) [0]
11/22/80 8.77t6.20 (0) [0] 8.10t2.20 (4) [0]
12/28/80 10.94t5.01 (9) [2] 16.50±5.70 (3) [0]
03/08/81 7.42t3.60 (17) [0] 13.70t8.56 (3) [0] 0
05/03/81 6. 79t1. 92 (16) [11] 7.70tO.95 (3) [0] 11.9
06/27/81 7.09t3.95 (14) [6] 6.64tl.l0 (5) [2 ]
08/22/81 10. 73t4. 19 (4) [0]
11/06/81 5.98t3.07 (11) [3] 7.8 12.2
02/27/82 7.09tl.97 (12) [0] 10.80±6.94 (6) [0]
03/24/82 4.13tO.42 (3) [0] 9.2
NOTE: Mean size cm SL ±1 std. dev. (number of individuals captured)

[number of juveniles].
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an unidentifiable gobywere found showing that eleotrids; at least on occa
sion, consume gobies. Earlier work (Timbol 1972; Maciolek 1981) indicated
that eleotrids taken in the Kahana estuary, O'ahu, ate small benthic inver
tebrates and that their guts contained significant amounts of detritus. Six
percent of the large eleotrids sampled in Kahana had fish remains in their
stomachs (Maciolek 1981).

Many of the large eleotrids that were caught in Pepeiaolepo had one or
more unidentified leeches attached to the bodies. Leeches were also fre
quently seen on eleotrids caught in Manoa Stream, O'ahu. We found no
leeches on true gobies during this study. EZeotris sandwicensis was found
in the lower reaches of Hanaka'pl'ai on Kaua'i, and Pelekunu and Papalaua
on Moloka'i. Depending on the stream configuration, E. sandwicensis can be
found quite far inland. This species was caught in Wailua Stream on Kaua'i
at a site 7 080 m (4.4 miles) inland at an elevation of 36.6 m (120 ft)
(Fig. 16).

While our results support the findings of Timbol (1972) and Maciolek
(1981) that this species eats gobies and does not seem to overlap to any
great extent with Lentipes concoZor, we observed that the eleotrid coexists
with Sicyopterus stimpsoni in Pepeiaolepo, and that no direct evidence of
interactions between E. sandwicensis and L. concoZor occurred.

Awaous stamineus (Valenciennes)

As is the case for all the Hawaiian freshwater gobies, the taxonomy and
systematics of this species are confused at this time. According to Koumans
(1953), synonyms include: Gobius Zitturatus (Heckel) Steindachner; G. stri
atus Day; G. grammapomus Gunther; G. stamineus Valenciennes; G. meZanocepha
Zus Weber; G. personatus Koumans; Euctenogobius striatus Day, and Awaous
stamineus Tomihama. On the other hand, Fowler (1928) includes A. stamineus
in the species Chonophorus guamensis (Valenciennes). He also cites these
synonyms: Gobius crassiZabris Gunther; Awaous crassiZabris Streets; and
Trichopharynx crassiZabris Ogilby. Inger and Kong (1962) report A. stamineus
from streams of North Borneo. Koumans (1953) includes India, Java, Malaya,
and the Philippines, as well as Hawai'i, in the range of this species. Work
done specifically on the Hawaiian species by Ego (1956) used the name
A. guamensis, and Timbol (1972) used Chonophoru~ stamineus.

In Wainiha River, Kaua'i (Fig. 16), A. stamineus was found as far in
land as 11 000 m (36,090 ft) at the 450-m (919-ft) elevation. However, Ego
reported that greatest densities were at lower elevations about 3 000 to
5 000 m (9843-16,405 ft) from the stream mouth. Ego (1956) states that this
species characteristically migrates downstream to spawn, usually during the
fall months, and this is typically carried out in conjunction with the first
heavy rains of the season (August-October). The breeding season extends
from August to December. Ego suggested that some adults may die after spawn
ing. It is not known whether the post-spawning deaths that were observed
were restricted to only the largest individuals or whether the deaths were
size independent. Ego (1956) reported that both sexes apparently exhibit
this mortality. At Station 1 in Pua'alu'u, large individuals which appeared
moribund, with flacid skin and atypical coloration were sometimes caught.

Ego also reported on observations of returning post larvae or hinana
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moving into stream mouths. The first individuals were seen in late Decem
ber and recruitment- appears to extend from that time until July. The peak
period is in March and April. From the relative timing of reproduction and
the peak of recruitment, Ego estimated that the larvae spend six to seven
months in the sea. Ego (1956) reported that the food of adults of this
species consisted primarily of green filamentous algae with appreciable
amounts of animal material, mainly chironomid larvae.

Awaous stamineus was found, but not commonly taken, in the three study
streams. Ego considered any males greater than 275mm or females greater
than 225 mm to be "large". We were rarely able to find A. stamineus over
150 mm during this study. While we have no supporting evidence, small, low
flow streams like those we studied may be unable to support large indi
viduals. We did not find any direct evidence of breeding by this species
at our study streams. The largest number of individuals taken in Pua'alu'u,
the only study stream with a significant catch of this species, was in the
spring. (Table 7).

If these larger catches are evidence of downstream migration for spawn
ing, they occur much later than was observed in the larger Wainiha Stream
(Ego 1956). A. stamineus was only rarely taken in Pepeiaolepo and no ap
parent pattern to the timing of the catches in this stream was defined. In
Maunapuluo, A. stamineus captures were mostly restricted to Station 1.
While only a few individuals were caught there, the catch appeared to
increase in spring 1980. On one day during this period there was a recap
ture, indicating that the individual may have remained in the lower part of
the stream for at least two months. Similarly, the only recaptures of this
species from Pua'alu'u were in March 1981. No juvenile A. stamineus were
taken at any of the study streams although late post larvae were occasionally
seen. Our data on this species are too sparse to allow generalizations.

Much larger individuals were seen in the larger streams (e.g. Hana
kapi'ai on Kaua'i and Pelekunu on Moloka'i. Large A. stamineus were seen
from the mouths of these two streams to the uppermost station sampled. No
quantitative measurements were made in these streams, but visual inspection
did not suggest any apparent longitudinal distribution by size. On Moloka'i
no A. stamineus were seen at Waioho'okalo, but a moderate popUlation of the
species was observed in papalaua.

In June 1981 a small tributary of Papalaua had such a low flow that the
habitat consisted of a series of pools connected by small trickles of water.
A large population of A. stamineus was observed confined to a single small
pool of about 2.25 m3 located just above an 8 m (26 ft) high dry fall. In
this tiny pool, at least 20 adult gobies up to 120 mm in length were ob
served along with several adult Macrobrachium Zar. Apparently, the fish had
been in the tributary during a period of higher flow and, as the dry season
progressed and the discharge diminished, they were crowded together in this
pool. The fish appeared to be healthy at the time of the observation. This
situation probably occurs frequently, especially in very small streams or
small tributaries of larger streams. If this is so, the physicochemical
conditions that exist in these small pools (elevated temperatures, increased
concentration of metabolites, reduced dissolved oxygen) are part of the
adaptive pressures that have been a part of the evolution of these species.
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TABLE 7. MEAN SIZE AND NUMBER OF AWAOUS STAMINEUS
IN PUA'ALU'U STREAM, MAUl, 1980-1982

CAPTURED

DATE
Mean Sz. No. J.

STATION
2

Mean Sz. No. J.
3

Mean Sz. No. J.

02/20/80
03/22/80
04/05/80
05/11/80
05/17/80
06/21/80
07/26/80
08/24/80
09/28/80
11/23/80
12/27/80
03/07/81
05/02/81
06/28/81
08/23/81
11/08/81
02/28/82
03/23/82

14.73±4.82 (4) [0]
11.74±2.41 (7)[0]
12.18±2.43 (4) [0]
12.30±1.27 (2) [0]
12.57±3.76 (3)[0]
12.5
10.40±1.27 (2) [0]

6.5
11.0
12.9

16.58±3.46 (2) [0]
11.87±1.68 (6) [0]

NOTE: Mean size cm SL ±1 std. dev. (number of individuals captured)
[number of juveniles].

Si cyopterus stimpsoni Gi 11

S. stimpsoni is the only member of the gobiid genus Sicyopterus Gill
(subfamily Sicydiaphiinae) in Hawai'i, and is believed to be endemic to the
Hawaiian Islands. Synonyms of the species include Sicydium stimpsoni
S. nigrescens Gunther; and S. albotaeniatum Gunther. Crown Prince Akihito
and Meguro (1979) revised the systematics of Sicydium and Sicyopterus, and
concluded that the correct name for the Hawaiian species should be Sicyop
terus stimpsoni. The congeners of this species are found throughout Pacific
tropica~ and subtropical freshwater streams (Koumans 1953).

The work of Tomihama (1972) is the only extensive study made on this
species. His report includes field work and laboratory studies for obser
vations made on O'ahu and Maui. The mean length of 400 specimens collected
by Tomihama was 68 mm SL. The maximum lengths observed were 133 mm SL
(male) and 124 mm (female). Tomihama suggested that this species requires
shallow and clear, fast flowing waters with rocky substrata. At the time of
Tomihama's study, S. stimpsoni was uncommon on O'ahu with the only reported
population in Kawa Stream, a tributary of Kahana Stream. After a recent
survey of several O'ahu streams, Timbol, Sutter, and Parrish (1980) did not
report any S. stimpsoni in the streams surveyed. We have found small popu
lations of this species in Kaluanui and Koloa streams on O'ahu.

Tomihama (1972) suggested that while the species can climb waterfalls,
it may be somewhat less adept at this than Lentipes concolor, and so while
these two species broadly overlap in their longitudinal distribution, the
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upper limit of L. concoZor may be greater than S. stimpsoni.

The food habits of adult S. stimpsoni are herbivorous (Tomihama 1972).
Epilithic and epyphitic diatoms and filamentous blue-green algae are scraped
from rock surfaces by means of rows of conical teeth in the upper jaw. Our
observations in aquaria and in the field study verify this conclusion. Dur
ing the day, individuals actively feed with characteristic scraping move
ments of the head. Like Tomihama, we also had difficulty in keeping this
species in aquaria because of the restricted dietary requirements of the
fish, although at least one 20-mm juvenile has taken Tubifex worms.

Tomihama (1972) reported that S. stimpsoni is not common where exotic
species are abundant. However, whether there is a direct interaction or the
presence of exotics is simply an indication of poor water quality or dis
turbed habitat conditions was not investigated (see Norton, Timbol, and
Parrish 1978; Hathaway 1978). Based on an observation, Tomihama suggested
that Macrobrachium Zar posed a threat to S. stimpsoni because of its method
of nocturnal foraging. On one occasion we observed an individual M. Zar
capture a small goby which had just been tagged and released (Pepeiaolepo).
Eleotris sandwicensis is probably a predator on juveniles and perhaps small
adult S. stimpsoni as well.

From size frequency data, Tomihama (1972) estimated that the mean age
of individuals of S. stimpsoni was 5.1 years, with a maximum age of 12 years.
The smallest sexually mature female found in his study was 32 mm SL which he
estimated to be one year old. This suggests that females of this species
can reproduce in their second year in the stream.

Tomihama observed ovigerous females from August through February. Fe
males collected in June appeared spent, and those collected in August had
ripening eggs. From these observations, he concluded that the spawning
period was from August to March with a winter peak; and that based on a com
parison of different stream data, breeding periodicities varied, perhaps in
fluenced by in-stream factors.

Although he never witnessed spawning, Tomihama (1972) reported what he
thought to be pre-spawning behavior. Eggs that he collected from Makamaka
'ole stream on West Maui hatched within 24 hours of their collection.

Recruitment observed by Tomihama took place from January through August.
Recruits ranged from 21 to 25 mm SL. Based on the timing of spawning and
recruitment events, he estimated that the larvae spend approximately 5 mo at
sea during their early development.

This goby appeared in all of our study streams, and was most plentiful
in Pua'alu'u, and least abundant in Maunapuluo. Within Pua'alu'u, Station 3
harbored the greatest numbers of fish. The lack of habitat diversity (bed
rock) at Station 2 probably caused the population here to be rather small as
reflected in our catches. At Station 1, it is likely that the difficulty in
catching fishes in the pool, rather than low numbers, resulted in our small
catches. Visual observations in the pool suggested that S. stimpsoni was
probably more common than the catches indicate.

S. stimpsoni was never caught in the terminal estuarine reach at
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Pepeiaolepo, although we did see individuals at this site. The greater abun
dance ofS. stimpsoni at Station 3 relative to Station 2 is probably real.
In Maunapuluo, this species was almost totally restricted to Station 1.
Only four individuals were taken at Station 2 and none were caught above
that site.

The average size of this species was largest at Pau'alu'u, Stations 2
and 3 (Table 8). Here the mean size was slightly over 60 mm SL, which is
somewhat less than the 68 mm SL mean reported by Tomihama (1972) for Maui
streams. The mean size at Pua'alu'u Station 1 and at Maunapuluo (Table 9)
was somewhat smaller, and the mean size at the three Pepeiaolepo stations
was under 40 mm SL (Table 10). In our study streams, we never observed S.
stimpsoni approaching the 120 to 130 mm SL size range that Tomihama (1972)
reported as the maximum for this species. Eight individuals over 80 mm SL
were captured in Pua'alu'u, and none over this size were taken in the other
two streams. In larger streams, such as Hanakapi'ai (Kaua' i) (Fig. 16),
Pelekunu and Wailau (Moloka'i), and Hanawi (Maui) (Fig. 17), much larger in
dividual S. stimpsoni were observed. It is not obvious whether the lack of
large individuals in the small study streams reflects high mortality or a
reduced growth rate. The fact that the smallest mean size of this species
was found in Pepeiaolepo, the largest of our study streams and the only one
with EZeotris sandwicensis, suggest that mortality--perhaps partly from pre
dation and washout events--rnight be a critical factor.

Trends in the mean size of fish in Pua'alu'u (Table 8) suggest a mini
mum in summer. This trend, while not significant, was evident at all three
stations in 1980 and 1981. No such trend was observed in Pepeiaolepo or
Maunapuluo. In Pepeiaolepo, fish caught at Stations 2 and 3 showed size
variations in the catch of any given day are higher than in the Maui streams,
but the mean size remains fairly constant.

We never observed S. stimpsoni spawning, nor did we ever see eggs in the
study streams. Our estimate of fertility in females proved to be unreliable;
therefore no new information on the seasonality of breeding in this species
is presented. Recruitment was noted when postlarvae were seen in the stream.
Very small juveniles of S. stimpsoni and Lentipes concoZor are difficult to
distinguish in the field. By the time the fry are pigmented, accurate field
identifications can be made.

While hinana were noted when observed in the stream and attempts were
made to roughly estimate the relative_numbers at each visit, these were at
best guesses. We observed S. stimpsoni from May to December, a time period
that does not overlap with the March to April recruitment peak reported by
Tomihama (1972), and that extends into fall and early winter beyond the
period of recruitment that Tomihama witnessed. It is important to remember,
however, that Tomihama's observations and ours are chance sightings made on
periodic visits to streams. Neither this study nor that of Tomihama (1972)
made a systematic attempt to regularly sample for hinana at all times of the
year with suitable gear. For this reason it seems best to interpret the re
sults of the two studies by suggesting that recruitment may occur at any
time of the year. Whether or not there is a marked seasonal peak in recruit
ment cannot be determined from these data. Another point to remember in es
tablishing the timing of biological events in these streams was pointed out
by Couret (1976) and verified in our study. That is, that in-stream condi
tions may play a very important part in determining the course of events in
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TABLE 8. MEAN SIZE AND NUMBER OF SICYOPTERUS STIMPSONI CAPTURED
IN PUA ALU'U STREAM, MAUl, 1979-1982

STATION
DATE 1 2 3

Mean Sz. No. J. Mean Sz. No. J. Mean Sz. No. J.

01/27/79 5.70±1.86 (7) [0]
02/02/80 5.46±1.33 (14) [0] 5.64±1.04 (15) [0] 5.57±1.09 (18) [0]
03/22/80. 6.00±O.14 (2) [0] 4.90
04/05/80 5.05±1.04 (12) [2] 6.11±0.65 (9) [0] 6.00±1.14 (25) [0]
05/11/80 5.38±1.15 (4) [2] 5.43±1.07 (7) [0] 6.31±1.34 (13) [0]
05/17/80 5.53±1.02 (12) [1] 6.20±0.57 (4) [0] 6.11±0.99 (27) [0]
06/21/80 5.40 6.26±0.68 (13) [0]
07/26/80 5.56±0.77 (5) [1] 5.95±0.91 (4) [0] 6. 5l±1 .06 (26) [1]
08/24/80 5.40±1.41 (2) [0] 4. 50±1 .56 (2) [0] 6.09±0.92 (8) [0]
09/28/80 4.60±0.26 (3) [0] 6.63±0.67 (7) [0] 6.31±0.81 (22) [0]
11/23/80 5.17±1.35 (10) [3] 6.60±0.14 (2) [0] 6.43±1.04 (18) [1]
12/27/80 4.45±0.35 (2) [3] 6.60±0.80 (5) [1] 6.34±0.85 (13 ) [0]
03/07/81 3.85±0.72 (4) [4] 6.54±0.47 (5) [1] 6.15±0.35 (2) [1]
05/02/81 3.20±0.00 (2) [2] 5.88±1.53 (4) [2] 5.78±0.80 (10) [0]
06/28/81 7.75±0.07 (2) [1] 7.00±0.01 (2) [1] 5.17±1.48 (10) [3]
08/23/81 4.47±0.21 (3) [1] 6.58±0.54 (13 ) [0] 5.50±0.88 (27) [1]
11/08/81 4.13±0.70 (3) [0] 5.80±0.59 (5) [0] 5.50±1.16 (26) [1]
02/28/82 6.00±0.28 (2) [1] 6.70±0.50 0) [0] 6.35±0.70 (14) [0]
03/23/82 5.50 (1) 6.30±0.00 (2) 6.30±0.68 (6) [0]

NO'J:'E: Mean size cm SL ±1 std. dev. (number of individuals captured)
[number of juveniles].

TABLE 9. MEAN SIZE AND NUMBER OF SICYOPTERUS STIMPSONI CAPTURED
IN MAUNAPULUO STREAM, KAUA'I, 1980-1981

STATION
DATE 1 2 3 4

MeanSz. No. J. Mean Sz. No. M.S. M.S.

02/23/80 5.08±1.66 (6) [0]
03/29/80 5.77±1.21 (7) [0] 5..9 (1)
OS/24/80 5.27±2.15 (10) [1 [ 6.15±1.34 (2) [2]
08/27/80 6.04±1.39 (9) [1] 6.7 (1)
10/18/80 5.47±1.90 0) [0]
11/28/80 5. 33±1 .82 (7) [0]
02/15/81 5.40±0.28 (2) [0]
04/11/81 5.93±2.53 (3) [1]
05/16/81 4.95±0.49 (2) [0]
07/25/81 5.62±0.47 (5) [0]
09/12/81 5.20±1.59 (4) [0]
12/02/81 4.00±0.00 (2) [0]

NOTE: t~ean size cm SL ±1 std. dev. (number of individuals captured)
[number of juveniles]; M.S. = mean size.
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TABLE 10. MEAN SIZE AND NUMBER OF SICYOPTERUS STIMPSONI CAPTURED
IN PEPEIAOLEPO STREAM, MAUl, 1980-1982

DATE

02/03/80
04/07/80
05/18/80
06/22/80
07/27/80
08/23/80
09/27/80
11/22/80
12/28/80
03/08/81
05/03/81
06/27/81
08/22/81
11/06/81
02/27/82
03/24/82

Mean Sz.

4.58±1.04
4.66±1.35
3.93±0.97
4.15±0.51
5.33±0.23
5. 16±1 .03
3.70
5.07±0.99

No. J.

(11) [5]
(7) [lJ
(3) [1]
(4) [1]
(3) [21]
(5) [5]

[1]
(3) [0]

STATI ON
2 3

Mean Sz. No. J. Mean Sz. No. J.

3.63±0.61 (4) [3] 5.50±0.85 (3) [2]
3.43±0.81 (3) [6] 4.68±0.56 (8) [2]
5.90 [5] 4.58±0.11 (5) [12]
6.03±0.75 (4) [5] 4.63±0.43 (9) [17]
4.90±0.53 (3)[10] 4.20±0.51 (7) [6]
5.22±1.20 (6) [18] 5. 25±1 .53 (8)[10]
4.05±1.43 (4) [4] 4.35±0.68 (17) [20]
4.68±2.38 (4) [lJ 5.41±1.03 (14) [13]
4.82±1.89 (6) [4] 4.45±0.66 (8) [0]
4.23±1.25 (4) [2] 4.76±1.46 (9) [3]
5. 15±2. 19 (2) [47] 4.80±0.71 (2) [10]
4.28±0.84 (6) [13] 4. 73±1 . 16 (4) [4]

3.90 [1] 5.76±1.35 (9) [1]
4.77±1.66 (3) [1] 4.50±0.28 (2) [0]

4.60±0.85 (4) [0]

NOTE: . Mean size cm SL ±1 std. dev. (number of individuals captured)
[number of juveniles].

each stream, and any large-scale seasonality may be obscured by chance or
local events in any particular stream.

On 7 April 1980, we observed a large number of juvenile S. stimpsoni at
Stations 2 and 3 in Pepeiaolepo. The average size of these fish was 25 mm
SL. What may have been the same cohort was observed, particularly at Sta
tion 3, throughout the course of the study. By 23 August 1980, the mean
size of these juvenile fishes at Station 3 was 26 mm SL. The growth of
these fishes could not be followed because (1) individuals that grew beyond
30 mm SL would no longer be classified as juveniles, and (2) any new re
cruits would decrease the mean size of this class. It should be noted, how
ever, that numerous individuals in the 22 to 27 mm SL size range were always
present at Station 3 in Pepeiaolepo.

Again, it must be emphasized that the catchability of fishes of this
size is so low that estimates of relative abundance are very subjective and
that the average size is possibly skewed toward larger individuals. Even
with these caveats, it is clear that a significant population of juvenile
S. stimpsoni was present in" Pepeiaolepo for more than a year. Whether this
population was maintained by continuous recruitment, or whether it consisted
of a cohort with variable individual growth rates cannot be determined from
the data we have available. No such populations of juveniles were seen in
the other two study streams.

The marking study was intended to determine whether adult fish exhibited
significant longitudinal mobility. Since fish caught at each station were
identifiable by their colored tag, interstation movements would be detected.
Only three instances of movements by S. stimpsoni out of the station where
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they were tagged were encountered during the study. In September 1980, two
individuals (35 and 46 mm SL) were caught in the small cascade just upstream
of Station 1. This was not a regular sampling station and if we had not
been collecting in that area for another purpose, this short movement would
have gone undetected. In March 1982 after a period of heavy rain, a 63 mm
SL individual that had been tagged at Station 3 was caught at Station 2.
Throughout the study period, all three streams experienced occasional epi
sodes of high flow which might have been expected to wash some fishes for a
distance downstream. The single incident of downstream movement in this
species is strong evidence that at least in these small streams, adults of
the species are quite sedentary.

Lentipes concolor (Gill)

Four species are ascribed to the genus Lentipes Gunther (subfamily
Sicydiaphiinae). These include two forms from Hawai'i: L. concolor (Gill)
and L. seminudus Gunther; one species from Gulf of Guinea, L. bustamantaei
Boulenger; and one species from the Ryukyu Islands, L. armatus Sakai and
Nakamura. Each of the Hawaiian species was described from a single specimen·
(Lau 1973; Maciolek 1978). The subsequent work of these two authors showed
that the Hawaiian Lentipes is, in fact, a single, sexually dimorphic speci~s

and that L. concolor is the senior synonym. L. concolor is believed to be .
endemic to the Hawaiian archipelago.

More work has been published about L. concolor than the other Hawaiian
gobies, partly because this species has been considered to be the Hawaiian
goby most characteristic of pristine stream conditions and because it is
limited in its distribution (Timbol, Sutter, and Parrish 1980). In addition,
the consideration suggesting the federal protection of this species under
the Endangered Species Act, as amended (Miller 1972; Maciolek 1977; Deacon
et al. 1979) has served to focus attention on this species.

The most extensive study of L. concolor is the report by Lau (1973).
For the most part, Lau's work concerns the morphology of the species and the
evidence supporting his contention that there is but a single species of
this genus in Hawai'i. However, some observations on the natural history of
this species were also included.

Lau (1973) noted that larger individuals tended to eat more animal
material, primarily atyid shrimp and insect larvae, while smaller fishes
appeared to consume more algal material. The marked differences he found in
the diet of L. concolor in different streams suggested that they were to
some extent opportunistic and that in-stream factors determined, to a sub
stantial extent, the actual diet. Some evidence of seasonal differences in
the diet of this fish was also noted.

Maciolek (1977) repeats Lau's taxonomic conclusions and adds more natu
ral history observations. Maciolek states that the territoriality that Lau
reported from aquarium studies was also evident in the field, and that
mature males are territorial and breed in defined areas. No information was
given on seasonality of L. concolor breeding. However, Maciolek stated that
returning postlarvae «20 mm TL) were seen in the fall, winter, and spring.
He confirmed that this species is the rarest of the Hawaiian stream fishes
in that it is found in only 6% of all the state's streams; and that even in
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these environments, its abundance is frequently low and its distribution
limited to upstream areas. These features of L. concolor biology have
served to focus attention on the species.

To this end the (then) Hawaii State Division of Fish and Game supported
the study of Timbol, Sutter, and Parrish (1980) to "determine the distribu
tion, relative abundance, and stream environment of Lentipes concolor (Gill
1890) , and other freshwater fish and decapod crustaceans in Hawaiian
streams" (Timbol, Sutter, and Parrish 1980, p. v). Their work was meant to
be a statewide survey, the object of which was to determine the number of
"Lentipes streams" in the state (for their definition, refer to p. 2 in our
Introduction). They surveyed 177 streams on the five major islands of the
state. Thus, they covered about 32% of the state's 366 perennial streams.
In the streams they examined, 36 streams or 31% had L. concolor present.
They calculated that, including the streams they did not visit but for which
they had some information, L. concolor occurred in 56 (15%) of the streams
in the state.

We found L. concolor in only two of our three study streams, Pau'alu'u
and Maunapuluo. While no adult fish were found in Pepeiaolepo, we did cap
ture an adult female fish in Hahalawe above our designated study reach. We
also caught what appeared to be two juvenile L. concolor at Pepeiaolepo Sta
tion 1 on one occasion (27 July 1980). Because our study streams were in
tentionally selected to maximize the hypothesized differences in suitability
of two divergent stream types for the species, this was to be expected.

As we knew when the study was initiated, L. concolor was very abundant
in Pua'alu'u, particularly in Stations 1 and 3 (Table 11). In the pool at
Station 1, L. concolor was always visually abundant in the shallow margins
of the pool and in the deeper regions at the foot of the cascade leading in
to the pool. Catches of this species at Station 3 were somewhat lower than
at Station 1. Whether this was due to the preference of this species for
the pool area which comprised Station 1, or a difference in catchability in
the two habitats, is not easily determined. L. concoZor was always much
less frequently caught at Station 2, a difference which is probably real and
reflects the reduced habitat space in this steep, shallow cascade.

We found juveniles in varying numbers throughout the year, mostly in
Station 1 (Table 11). While our collecting methods were not effective in
catching fish less than 30 mm SL, visual observations clearly indicated that
post larval and juvenile L. concolor did reach high densities, particularly
in late winter and spring (February-May).

L. concolor was much less frequently caught in Maunapuluo (Table 12).
In the earlier part of the study, (February-May 1980), this species was not
uncommon at Station 4 and was infrequent at Station 1 until May 1980. The
Station 1 catches were then moderate until April 1981 when the numbers de
clined. The species was always infrequent at Stations 2 and 3. The longi
tudinal distribution of the species in Maunapuluo at the initiation of our
work was "typical" for this species with the greatest populations in the up
stream reaches. It is noteworthy that the density at Station 4 declined co
incident with a noticeable increase in the mean size of the individuals
taken. Also striking was that scarcely any juveniles and no postlarval L.
concolor were taken in Maunapuluo throughout the course of the study.
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TABLE 11. MEAN SIZE AND NUMBER OF LENTIPES CONCOLOR CAUGHT
IN PUA'ALU'U STREAM, MAUl, 1979-1982

STATION
DATE 1 2 3

Mean Sz. No. J. Mean Sz. No. J. Mean Sz. No. J.

10/27/79 4.23tO.70 (lS) [4]
02/02/80 4.7StO.88 (23) [4] 4.24tO.90 (17) [1] 4.S3to.80 (9) [1]
03/22/80 4.8StO.S1 (6) [1] 4.8St1.22 (11) [0]
04/0S/80 4.41tl.01 (26) [7] 4.62tO.74 (6) [0] 4.S2tl.08 (18) [1]
OS/11/80 4.32tO.79 (16) [3] S.10tl.84 (2) [0] 4.67t1.14 (11 ) [71
OS/17/80 4.22tO.S2 (S) [1] 4.33±0.S3 (4) [0] 4.68tO.98 (14) [S]
06/21/80 4.74±0.99 (13) [2] 4.02tO.76 (6) [2] S.lS±1.34 (11) [0]
07/26/80 4.64to.80 (36) [4] 4. 28tl . 11 (6) [0] 4.61tO.80 (19) [2]
08/24/80 4.1StO.78 (S3) [S] S.07t1.47 (3) [0]
09/28/80 4.26tO.75 (37) [4] 4.33±1.13 (7) [0] 4.61tO.96 (15) [0]
11/23/80 4. 16to. 59 (22) [3] 3.50 4.48±0.92 (18) [0]
12/27/80 4.S8±0.92 (24) [4] 4.33tl.29 (8) [2] 4.98±1.08 (8) [1]
03/07/81 4. alto. 73 (44) [12] 3.99tO.91 (7) [2]
OS/02/81 4.30tO.71 (22) [23] 3.68to.44 (S) [1] 4. 67t1 .20 (23) [1]
06/28/81 4.19±0.6S (54) [16] 4.17tO.87 (11 ) [0] 4.24±0.96 (28) [5]
08/23/81 4.86tl.00 (27) [2] 3.62±0.31 (6) [0] 4.39tO.98 (10) [2]
11/08/81 4.22tO.77 (31) [12] 3.S8±0.66 (6) [0] 4.46±0.86 (21) [1]
02/28/82 4.13tO.74 (13) [8] 3.55tO.21 (2) [0] 4.83±0.59 (4) [0]
03/23/82 4.23tO.06 (3) [1] 4.41tO.70 (9) [0]

NOTE: Mean size cm SL ±1 std. dev. (number of individuals captured)
[number of juveniles].

TABLE 12. MEAN SIZE AND NUMBER OF LENTIPES CONCOLOR CAUGHT
IN MAUNAPULUO STREAM, KAUA'I, 1980-1981

STATION
DATE 1 2 3 4

Mean Sz. No. J. M.S. No. Mean Sz. No. J. Mean Sz. No. J.

02/23/80 3.4 (1) 4.28±0.71 (5) [0]
03/29/80 4.0 (1) 4.25±0.49 (2) [0] 4.70±0.28 (2) [0]
OS/2lJ!80 4.43±0.63 (4) [0] 5.0 (1) 4.0 (1) 5. SO±l .34 (6) [0]
08/27/80 5.30±0.00 (2) [0]
10/08/80 [1] 5. 1 (1) 3.7 (1)
11/28/80 3.85tO.78 (2) [4]
02/15/81 4.65tl.48 (2) [0] 3.4 (1) 5.0 (1)
04/11/81 4.57tO.90 (3) [0] 3.5 (1) 4.5 (1)
05/15/81 S.4 (1) 3.80to.00 (2) [0]
07/25/81 3.5 (1)
09/12/81 3.6 4.30to.42 (2) [0]
12/12/81 5.15tl.20 (2) [0] 5.0 4.8

NOTE: Mean size cm SL tl std. dev. (number of individuals captured)
[number of juveniles].
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The largest individual caught was an 81 mm SL male from Pua'alu'u; the
largest female caught there was 74 mm SL. The largest male and female L.
concoZop caught in Maunapuluo were respectively 74 and 60 mm SL.

L. concoZop from Station 1 at Pua'alu'u were slightly smaller than
those from Station 3, and Station 2 had the smallest mean size; however,
these differences are not significant. Seasonal trends were not apparent
in the mean size of L. concoZop at any of the three stations. The mean size
at the end of the study does not differ from that at the initiation of the
investigation, although the catches seem to decline to some extent. Size
frequency data were also analyzed for each of the collections to determine
whether any information about recruitment, growth, or mortality could be
ascertained. Because of the differing sizes of the catches on the different
dates and the fact that we could not visit the stream on a regular basis,
the data are quite noisy; however, there does not appear to be any sugges
tion of dominant size classes representing recruits or length modes increas
ing with time.

The L. concoZop population in Maunapuluo was markedly smaller than in
Pua'alu'u, but the mean size of the fish cannot be shown to be different
(Table 12). As was the case in the Maui stream, the mean size of the fish
captured during the study period was larger at the upstream station than
near the stream discharge point; however, the small sample sizes preclude
any significance to the observed difference. An interesting trend appears
in the size of the L. concoZop caught at Station 1 in this stream. A peak
in size seems to occur in fall 1980 and a decline in the winter of that year
with a slight increase in spring 1981. While the numbers are too low to
give much weight to this trend, they parallel very closely that seen for
Sicyopterus stimpsoni at the same station. The other interesting observa
tion on Lentipes concoZop in Maunapuluo is the fact, already mentioned, that
Station 1 showed modest densities from May 1980 to April 1981, but that out
side this time period very few individuals were caught there. Station 4 had
fair catches from February to May 1980, but after that time only two indi
viduals were taken at this station.

Two possible explanations for this apparent decrease are, first, that
our fishing activities negatively affected the population so that the
electroshocking and/or tagging operations increased mortality. Although the
slight decline in the number of S. stimpsoni caught at Station 1 lends some
support to this suggestion, the fact that multiple recaptures of both spe
cies in Pua'alu'u were relatively common makes this less likely. The second
possibility is that the decline in catches reflects a natural decline in the
population because the stream either became less suitable for the fish dur
ing the course of the study or that natural mortality without commensurate
recruitemtn was responsible for the decline in the population. From the in
formation available, it is difficult to determine whether one or both possi
bilities played a part in the decline of the populations.

We did not observe evidence of spawning or eggs of Lentipes concoZop in
our study streams. In May 1981 at Station 3 in Pua'alu'u, the males caught
were observed to be particularly brightly colored and several females had
sunken abdomens. Perhaps these females were spent and breeding had recently
occurred. We did not see any eggs nor did we prepare females for dissection
in line with our decision to leave the population as intact as possible.
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Unfortunately, the study made on the ovaries of 22 female L. concolor by
Timbo I , Sutter, and Parrish (1980) did not report any dates; thus, our ob
servation remains the only suggestion as to the seasonality of spawning in
this species.

The evidence for recruitment, particularly in Pua'alu'u is more conclu
sive. Hinana or postlarvae were observed on the majority of our visits to
Pau'alu'u. On several occasions, particularly in the late winter and early
spring, we collected 15 to 20 mm TL (measurements made on formalin-preserved
material) L. concolor. Hundreds of these larvae were seen swimming in mid
water, as well as near the stream bottom on soft sediment and rocks.

On three occasions male L. concolor with Station 3 tags were taken at
Station 2. On two occasions (2 May 1981, 28 June 1981) the fish was 38 mm
SL, suggesting that this may have been the same individual. The other inci
dent was a 61 mm SL Station 3 male recaptured at Station 2 in November 1981.
Thus, like Sicyopterus stimpsoni, L. concolor adults appear to exhibit
scarcely any in-stream movement even over distances as short as those be
tween our stations. In the few cases where between-station movement
occurred, the direction of movement was downstream, suggesting that washout
may have been a factor. Once an adult fish moves downstream, it is possible
that it will remain in the new location.

Electroshocking in Waioho'okalo (Moloka'i) did not produce any L. con
color. The species was found in Papalaua stream at an elevation of about 6
to 8 m (20-26 ft). No major falls occur between the point where these indi
viduals were found and the sea. This stream did have a population of eleo
trids. The much larger Pelekunu stream had a substantial population of L.
concolor. While no electroshocking was done in Pelekunu, observations made
while snorkeling showed that the species occurred together with S. stimpsoni
and Awaous stamineus. The first sightings of L. concolor were made well be
low the first large rapids. While no elotrids were seen in this location,
they were seen to penetrate far inland in this large stream.

Just below the falls in the South Fork Wailua River (Kaua'i), extensive
electroshocking revealed no L. concolor although S. stimpsoni, A. stamineus,
and the eleotrid were taken.

An observation made on the behavior of L. concolor in these large
streams is that this species appears to spend much more of its time in mid
water than the other Hawaiian gobies. This behavior is only seen in pools
or large streams where the velocity and turbulence are relatively low and
uniform. Observations made in Pelekunu suggest that L. concoZor tends to be
more concentrated in the central portions of the cross section of the flow,
while A. stamineus occurred nearer the margins. These anecdotal observa
tions need to be confirmed with more careful behavioral studies, but if true
they may be important in evaluating L. concoZorhabitats in other streams of
the state.

POPULATION SIZE ESTIMATES

Because the marking method we used did not allow us to identify indi
vidual fish or to determine the date of the original capture, the normal
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mark-recapture population size estimates (Overton and Davis 1969) could not
be used. However, we did attempt to estimate the size of Lentipes concolor
and Sicyopterusstimpsoni populations in Pua'alu'u by using some assumptions
which, while tenuous, at least allowed the use of data obtained in the pro
cess of investigating inter-station movements.

Method One

As stated previously, a tag life of three months has been assumed in
our studies. With this assumption, we estimated population sizes by using
the data from the original sampling event (11 May 1980) and subsequent tags
emplaced through September 1980. If all the fish tagged on 11 May were
still identifiable on the subsequent sampling dates (17 May, 21 June, 26
July, 24 August, 28 September), five separate but not independent Lincoln
indices could be determined (Overton and Davis 1969).

In this index, the total population is estimated by dividing the number
of tagged individuals at risk in the population by the percent tagged fish
in each sample. This simple estimate assumes no deaths or emigration, and
no births (recruitment) or immigration. Immigration and emigration in these
gobies equate to between-station movements, which we have shown are negli
gible for adult fish. Recruitment is defined as entry into the 30 mm SL
size class which can be estimated by the number of fish smaller than 30 mm
SL in previous months, combined with the growth rate estimates of these
small fishes. Since the capture efficiency of these small size classes was
low and no good estimates of their growth rate were obtained, we did not try
to account for recruitment. Deaths also go unaccounted for in our estimate.
To some extent, deaths and recruitment might be thought to cancel out each
other, but several factors make this unlikely. Recruitment, while perhaps
not perfectly seasonal, appears to be an episodic phenomenon, while mort~l

ity--excluding spate-related washout mortality--is likely to be more con
tinuous. Another factor is that dilution of marks by recruitment of un
marked juveniles will not be balance3 by the loss of unmarked individuals
since 100% of the former are unmarked while a low percentage of the fish
dying are marked. Thus, the consequent assumption is that in the five of
this method's duration, tag losses, recruitment, and mortal i ty are small.

The results of these estimates are given in Table 13. Samples with
very small numbers of fish were excluded since their inclusion would result
in unrealistic estimates.

Method Two

A second estimate of the population sizes of L. concolor and S. stimp
son& in Pua'alu'u was based on the observation that the percent recaptures
for the two species at all three stations appeared to approach a relatively
constant value about a year after tagging was initiated. From the data for
the last five months of the study, a mean recapture rate for each of the
species at each of the stations was determined. Two separate assumptions
about the number of marked fish at risk in the population were used. The
first was a conservative estimate based on the stringent assumption that tag
loss was rapid and only a few individuals marked on or before 2 May 1981
were identifiable during the five months over which the mean was calculated. I.p
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TABLE 13. POPULATION ESTIMATES OF lENTIPES CONCOlOR AND
SICYOPTERUS STIMPSONI IN PUA'ALU'U STREAM

DATE

5/17/80
6/21/80
7/26/80
8/24/80
9/28/80

ASSUMPTION

I
II

L. concolor S. stimpsoni
Sta. No. Sta. No.

2 3 2 3
METHOD ONE;~

110 52 351
110 136

517 275 208
492 184 181
634 112 735 126 335

METHOD TWO t

623 60 389 167 26 88
952 90 452 257 39 108·.

*Based on first 5 mo of study, using data from original sam
p1 ing event (11 May 1980) and subsequent tags emplaced
through September 1980.

tBased on mean number of recaptures over last 15 mo of study
(May-Dec. 1981); two assumptions given are (I) restrictive
case with high tag loss so only fish tagged on 2 May 1981
or later were used; and (I I) relaxed case assuming low rate
tag loss, using all fish tagged 27 December 1980 or later.

The mean recapture rate for the last five months of the study was calculated
for the two gobies at all three stations and a simple Lincoln index was de
termined. The assumption that tags were all lost this quickly is almost
certainly too restrictive, since in the 2 May sample some tagged fish were
caught. Thus, a more relaxed assumption was also used for comparison. Any
fish tagged on or after 23 December 1980 was assumed to be recognizable. A
second population estimate was calculated in the same fashion by using this
assumption. The results of these calculations are also given in Table 13.

In interpreting these results it must be remembered that almost none of
the necessary conditions for a valid capture-recapture program were met in
this study. Furthermore, the effort and, to some extent, the capture
methods were not uniform throughout the study periods. Nevertheless, the
overall similarity of the results gives a rough approximation of the rela
tive population sizes. This is particularly true since the estimates shown
in methods one and two of Table 13 are based on totally different data ob
tained on separate sampling dates.

Remembering that the estimates given in Table 13 are likely to be under
and overestimates, respectively, the density of L. concolor in Stations 1, 2,
and 3 ranges respectively from 700 to 800, 70 to 80, and about 400. From
our observations, the estimation for Station 1 may be somewhat high, that
for Station 2 probably too high, and that for Station 3 too low. This was
partly due to the ease with which the fish were caught at Station 2, and the
habitat complexity at Station 3 which made capture difficult. Comparable S.
stimpsoni population estimates for Stations 1, 2, and 3 are respectively
200, 30, and 90. For reasons similar to those given above, the estimate for
Station 1 is reasonable, that for Station 2 may be too high, and the estimate
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for Station 3 probably far too low. The data in Table 13 (Method One) sug
gest 200 to 300 may be a more reasonable estimate for Station 3.

GENETIC VARIABILITY OF STREAM POPULATIONS

In the Sicyopterus stimpsoni s~lpled, only two loci were found to be po
lymorphic (IDH-A, MDH-B). Neither of the two loci was found to deviate sig
nificantly from the Hardy-Weinberg equilibrium model. Percent of polymor
phic loci at the 5% level (p = 0.5) was about 12% (n = 17 loci); p = .01
was approximately 41%. Selander (1976) reports a mean p = .01 of 30% (n =
21 loci) for 14 fish species.

The numbers calculated for this species are an estimate since not all
individuals were screened for monomorphic loci. Paired tests for population
heterogeneity were performed for the two loci. Thirty comparisons were
made; however,S MDH and all IDH comparisons were not valid because of the
low expected values. None of the valid tests were statistically signifi
cant (Table 14).

The results suggest that the populations tested from different streams
on different islands are not genetically distinct, and therefore might rep
resent a single gene pool. Because of the low amount of genetic variation
in this species, however, these results must be interpreted with caution.

Four polymorphic loci in Neritina granosa were resolved: liMB, AAT, GPI,
and IDH. None of the four polymorphic loci was found to deviate signifi
cantly from the Hardy-Weinberg equilibrium model. Gene frequencies and
sample sizes are given in Table 14. Percent of polymorphic loci at the 5%
level was approximately 8% (n = 13 loci); p = .01 was about 31%. Selander
(1979) reported a mean p = .01 of 17.5% for five species of marine snails.
Paired tests of heterogeneity were performed for each locus. Of the 24 com
parisons, only one marginally significant difference was seen (p = .05 at
the UMB locus) between Pepeaiaolepo on Maui and Koloa on O'ahu.

The slight degree of differentiation shown for this species suggests
that, like S. stimpsoni, the populations from different locations may repre
sent a single gene pool. Because of the similarly low genetic variation in
this snail, however, the results must also be interpreted with caution.

CONCLUSIONS

We were not able to definitively verify our original hypothesis concern
ing Eleotris sandwicensis predation. Gut analysis of E. sandWicensis from
Pepeiaolepo showed that this species is a predator of gobies and mollusks;
however, a quantitative estimate could not be made of the importance of this
factor in Hawaiian stream ecology.

Maunapuluo stream, Kaua'i, was selected as a representative of a
"Lentipes stream" (our definition) because of its steep descent to the sea.
An initial sampling in the stream confirmed that this type of stream does
not harbor the predatory eleotrids. We found Lentipes concolor at Station 1



TABLE 14. ELECTROPHORETIC STUDY RESULTS OF GENE FREQUENCIES AND SAMPLE SIZES OF SICYOPTERUS STIMPSONI
AND NERITINA GRANOSA FROM KAUA11, MAUl, AND O'AHU

ISLAND
Stream

NO
ALLEALS MDH
SCO RE D-=-F---S=-----,-V=S- F

IDH
M

POLYMORPHIC LOCUS
UMB

S F S F
AAT

S a
IDH

b

KAUA'I

HanakapT'ai

Wai I ua

Limahuli

Wainiha

Siayoptel"'US stimpsoni

40 0.888 O. 112 0.0 0.050 0.938 0.013

26 0.885 o. 115 0.0 0.058 0.942 0.0

12 0.875 0.125 0.0 0.042 0.958 0.0

25 0.880 0.100 0.020 0.080 0.920 0.0

MAUl

Wa i I ua 24 0.875 0.125 0.0 0.0 1.000 0.0

OIAHU

Ka Iuanui

KAUA'I

21 0.857 0.119 0.024 0.119 0.881 0.0

Neritina granosa

Hanakapl l a i 34 0.017 0.948 0.034 0.456 0.544 0.985 O.Ol~ 0.023 0.977

MAUl

Pepeiaolepo 61 0.018 0.982 0.0 0.415 0.585 0.975 0.025 0.051 0.948

OIAHU

Kaluanui

Koloa

44

29

0.0

0.011

0.985 0.015

0.989 0.0

0.420 0.580

0.567 0.433

0.955 0.045

1.000 0.0

0.024 0.976

0.059 0.941

NOTE: Gene frequencies given for each enzyme and each population.
NOTE: F = fast, S = slow, VS = very slow, M= medium (a + b = different forms).



55

here, which further supported our hypothesis. However, subsequent events
make the situation in this stream less clear. The decline in abundance of
L. concoZor in Maunapuluo, coupled with other observations convinced us
that, while the presence of eleotrids may well have a negative impact on
L. concoZor, this rare goby is also affected by other environmental and
biotic factors which include: (1) sediment runoff from the Na Pali trail;
(2) algal mat growth from increased solar radiation due to loss of canopy
cover after severe wind storms; (3) possible predation by the shore crab
Grapsus grapsus on returning L. concoZor postlarvae and juveniles; and (4)
the possible negative effect of predation by Macrobrachium Zar. Thus, our
assumption that predation by eleotrids is a primary factor in determining
the distribution and abundance of L. concoZor is an oversimplification. Any
assessment that is made of the quality of streams or their ability to sup
port native stream fauna will have to take these and other factors into con
sideration.

The project objective of correlating breeding and recruitment events
with hydrologic factors was also over optimi.stic_. Seasonality of breeding
was weakly expressed in the introduced prawn and the native atyid shrimp,
along with the neritid mollusk. The obervation that breeding periods are so
broadly spread through time makes it unlikely that a strong correlation with
general seasonal cues has evolved. It is more likely that these animals are
adapted to respond to in-stream signals, which would maximize the effective
ness of these isolated breeding populations. This adaptation is generally
prevalent in small streams, since the variability of stream response to
natural forces is high. Thus, it would appear that each population is act
ing in isolation with regard to breeding.

The timing of recruitment, which was originally thought to be correlated
with seasonal high- or low-flow conditions, also appears to be variable and
prolonged in the species for which we have any data. There is no evidence
that any of the species we studied is tightly linked to any particular flow
regime or season in its recruitment. Instead, recruitment and, hence, com
munity structure in any given stream appears to be a stochastic phenomenon,
depending on offshore as well as in-stream conditions, coupled with the
availability of competent larvae of any given species. This situation may
be analogous to the chance colonization of reef fishes, which have a similar
availability of suitable habitat (Sale and Dybdahl 1975). A similar conclu
sion was reached in a study of a temperate stream where the fishes were not
recruited from marine larvae (Grossman, Moyle, and Whitaker 1982).

One important point in these considerations is that our studies were
restricted to very small streams. Any meteorological or other envi
~onmental perturbations would probably be more effectively buffered in
larger streams. We believe that stochastic events played the dominant role
in the streams we studied. We therefore feel it is safe to generalize that
the predictability in these habitats is so low that any adCllptationthat has
taken place in the Hawaiian stream fauna that would serve to cue either re
production or recruitment to seasonal signals must have been in response to
factors affecting populations in large stream systems. It may be that the
community structure seen in any particular small stream at any point in time
may be simply the result of chance recruitment events coupled with the natu
ral in-stream mortality. Recent changes brought about by human activity,
including stream channel alteration, dewaterment, and introduction of exotic
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species, would increase the mortality rate and, in some cases, also lower
successful recruitment. Large streams on the other hand have much larger
populations of stream animals and relatively more consistent conditions. If
this supposition is valid, then the evaluation of the status of Hawai'i's
endemic stream species requires considerable rethinking.

In this reassessment at least three factors would be considered.
First is the suggestion, derived from the electrophoretic study, that each
species is represented in Hawaiian streams by a single gene pool. While
the data supporting this needs to be augmented, the assumption is reasonable
given the various estimates of the larval life of the species, and the pre
liminary data we obtained. Second is the conclusion reached in this study
that populations in small streams--the most common type in Hawai'i--are the
result of chance recruitment events followed by periods of population de
cline until another recruitment occurs. The third factor is that conditions
in large streams are more uniform and their populations there are relatively
higher and more consistent. This does not mean, however, that the popula
tions in small streams are insignificant in terms of their contribution to
the larval pool. A stream like Pua'alu'u may well contribute a substantial
number of larvae because of the combination of the high density of L. aon
aolor and the short distance the larvae need to traverse before reaching
the sea. The low abundance of predators would enhance this larval output.
On the other hand, a "typical" stream, even with large numbers of L. aon
aolor, may contribute fewer larvae to the pool because of losses incurred
as the larvae make their way from the spawning area to the sea.
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