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Background
 
Purpose of Stream Studies

The primary purpose of procedures described in this 
report is to encourage faunal surveys and monitor-
ing of streams throughout Oceania. Once a stream 
has been described biologically, subsequent investi-
gations will indicate whether changes have occurred 
in the stream from natural or man-induced causes. A 
thorough understanding of one stream will provide an 
invaluable background for surveying and monitoring 
other similar streams. The long-term goal is to develop 
a body of knowledge for streams on an entire island or 
island chain as a basis for conservation, preservation, 
wise use of the natural aquatic resources, and simply 
for aesthetics.

Area Covered

This guide to surveying stream ecosystems on tropi-
cal oceanic islands of the Pacifi c Ocean is intended to 
include the area from Hawai`i and French Polynesia in 
the north and south-central Pacifi c Ocean, respective-
ly, to the far western Pacifi c from the Ryukyu Islands 
of Japan south to Vanuatu. The major focus is on rela-
tively isolated groups of oceanic islands rather than 
on continental islands whose origins and faunal affi li-
ations are associated with large land masses. 

Freshwater Streams and Sources of Fresh Water

Oceanic islands of the Pacifi c are of volcanic origin. 
Chains of islands are formed when the ocean fl oor 
moves across a stationary “hot spot” extruding mol-
ten lava. If the lava mound rises above the surface of 

the ocean, an island is formed. If the island builds to a 
height of two to four thousand feet or more above sea 
level, conditions are favorable for the formation of oro-
graphic rain as trade winds coming in from the ocean 
push humid air up the sides of mountains where cooler 
temperatures cause the moisture to condense into rain. 
Generated by the rotation of the earth, trade winds usu-
ally approach islands located above the equator from 
the northeast and those below the equator from the 
southeast. Islands that depend largely on trade winds 
for rain often have a conspicuous windward or “wet 
side” and a leeward or “dry side.” Streams with year-
round fl ow are typical features of the windward sides 
of islands, and intermittent streams and dry stream 
beds are more common in the rain shadow of the lee-
ward sections. However, strong weather fronts mov-
ing through the islands can drastically alter the normal 
fl ow of trade winds. In Hawai`i, for example, winter 
storms from the northwest occasionally divert or com-
pletely arrest the usual fl ow of trade winds and pro-
duce heavy rainfall on the leeward sides of islands. 
Passage of these weather systems are commonly fol-
lowed by a temporary “greening” of the islands’ dry 
areas and cause dry stream beds to fi ll and intermittent 
streams to fl ow temporarily to the ocean. In some parts 
of the Pacifi c, there are marked seasonal differences 
in rainfall and its effects on stream fl ow. When very 
brisk trade winds are more frequent at certain times of 
the year, rain clouds may be blown clear of an island 
before precipitation occurs. In the far Western Pacifi c, 
for example, these patterns of rainfall produce discrete 
wet and dry seasons on the Island of Guam. Other is-
lands of the Pacifi c, while classifi able as true oceanic 
islands, may have patterns of rainfall and stream fl ow 
that are largely determined by weather on nearby con-
tinents and other islands. Although not completely un-
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derstood, the differential warming of the sea’s surface 
waters attributable to El Nino also has been implicated 
in the disruption of the usual fl ow of trade winds and 
patterns of rainfall among the islands of Oceania. 

Flash Floods

 In strongly fl owing streams, there is little accumu-
lation of sediment, leaf litter, and other loose debris 
because of uninterrupted fl ow and, just as important-
ly, because of powerful freshets or fl ash fl oods. These 
fl oods are caused by localized heavy rains in the moun-
tains or by the passage of weather fronts that can oc-
cur any time of the year. The effect of fl ash fl oods is so 
pervasive that mountain streams are best described as 
dynamic rather than stable; these streams characteris-
tically remain in a constant state of recovery from the 
most recent freshet. Biologists have learned that ani-
mals in these streams survive, not in spite of episodic 
fl oods, but actually because of them. Flash fl oods fl ush 
away rotting organic debris that contributes to oxygen 
depletion during periods of low water, they remove 
fi ne sediments that can smother the eggs of stream 
animals, and they facilitate the dispersal and recruit-
ment of species with a marine larval phase by open-
ing up the stream where it fl ows into the sea. There 
is increasing evidence that fl ood waters entering the 
sea provide biological signals important in the timing 
of onshore migration of larval fi shes and invertebrates 
that live as adults in freshwater streams. Continuous 
fl ow and naturally occurring fl ash fl oods restrict un-
derwater vegetation (non-emergent) to those species 
of algae (navicular diatoms and low-growing green 
and blue-green algae) representing early successional 
stages. These plant species are essential food items for 
certain fi shes, mollusks, and crustaceans that live as 
adults in island streams. 

Stream Animals

For the sake of convention and convenience, fi shes 
and, to a lesser extent, larger invertebrates (macroin-
vertebrates) are emphasized in survey procedures de-
scribed in this guide. Stream studies traditionally fo-
cus on fi shes because they are more easily observed 
and collected, and they often represent the extremes 
among animals comprising the food web where they 
range from primary consumers (herbivores) to preda-
tors. For most island groups, these animals also are 
likely the best known stream species because of their 
value as food for islanders. Seven families of fi shes, 
including gobies (Gobiidae), sleepers (Eleotridae), 

fl agtails (Kuhliidae), pipefi shes (Syngnathidae), mul-
lets (Mugilidae), eels (Anguillidae), and introduced 
livebearers (Poeciliidae), are the most widely distrib-
uted in freshwater streams and ponds among islands of 
the tropical Pacifi c. Several families of typically ma-
rine fi shes also occur in the estuaries of island streams; 
examples include jacks, bonefi sh, moray eels, sharks, 
and archerfi sh. At some localities, introduced food 
fi shes, such as carps from Asia and cichlids from South 
America and Africa, are locally abundant. However, if 
there is suffi cient rainfall on an island to keep streams 
fl owing all year, members of the fi rst three families 
(gobies, sleepers, and fl agtails) are likely to be pres-
ent. The upstream penetration of fl agtails is limited by 
waterfalls of a one or more meters height, but gobies 
and sometimes sleepers usually comprise the entire 
upstream fi sh fauna because of their ability to negoti-
ate swift currents and waterfalls. Sleepers are skilled 
at wedging themselves into cracks, crevices, and the 
interstices between rocks and boulders while moving 
upstream. Gobies have fused ventral fi ns forming a 
sucking disk that allows the animals to cling to rocks 
and the face of waterfalls as they progress upstream. 
The Hawaiian goby Lentipes concolor may be the “ul-
timate rock climber” among gobies; Ron Englund of 
the Bishop Museum has observed them immediately 
above Hi’ilawe Falls some 1,100 feet above the fl oor 
of Waipi’o Valley on the Island of Hawai’i. Gobies 
and eleotrids, collectively called gobioid fi shes, con-
stitute the predominant species in freshwater streams 
on tropical oceanic islands around the world; they are 
the principal focus in this guide to surveying insular 
freshwater ecosystems in the tropical Pacifi c.

Amphidromy

Native freshwater fi shes (gobies and eleotrids), crus-
taceans (shrimp and prawns), and mollusks (limpets) 
that comprise the major components of upstream 
aquatic fauna on tropical oceanic islands have amphi-
dromous life cycles that include two migrations. One 
occurs when larval animals are swept downstream into 
the ocean shortly after hatching from eggs deposited 
in mountain streams. The second migration occurs 
when animals, still essentially larvae or recently trans-
formed postlarvae, return to fresh water where they 
become adults and complete their life cycles. Recruit-
ment from the ocean into fresh water maintains pop-
ulations of amphidromous species in island streams, 
and it ensures “automatic” recolonization of streams 
where conditions favorable for aquatic animals have 
been restored. 
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Amphidromy has important implications in planning 
biological surveys of island streams. Accurate sam-
pling of the major groups of freshwater animals must 
coincide with life-history stages, i.e., during larval 
drift downstream, during recruitment into the stream 
mouth from the ocean, and among adults farther up-
stream. Sampling larval drift (newly hatched fi shes 
and other animals) is accomplished by setting fi ne 
meshed nets at strategic positions within the stream. 
The animals captured are a direct indication of repro-
duction and secondary productivity at a discrete time 
and place within the stream. Trapping larval and post-
larval animals at the stream mouth with larger meshed 
nets aimed seaward documents the return of migrants 
from the ocean environment into fresh water. Differ-
ences in numbers and kinds of animals taken during 
drift and recruitment indicate whether, under prevail-
ing conditions, a particular stream is a “source” or a 
“sink.” A “source” stream has potential for stocking 
other nearby streams with its largess of aquatic spe-
cies. A “sink” stream receives more contributions from 
the sea than it replaces. Because of the irregularity of 
the bottom of island streams, traditional methods for 
sampling adult aquatic organisms with nets are often 
ineffective. Instead, observations are made visually as 
underwater conditions permit. Because of their am-
phidromous life cycles, every adult fi sh, mollusk, or 
crustacean is a migrant and cannot be used individu-
ally or as a group to measure the productivity of the 
stream in which they live. However, a full comple-
ment of indigenous aquatic species does indicate the 
stream’s ability to support a balanced and functioning 
ecosystem regardless of the origin of faunal compo-
nents. Adult fi shes and macroinvertebrates are tracked 
throughout the length of the stream by using proce-
dures (transect, random and non-random point quadrat 
methods) adapted specifi cally for island streams to de-
termine their instream distribution, density, and rela-
tive abundance. Details of maintenance and reproduc-
tive behaviors and the presence of internal and exter-
nal parasites are used, in combination with other infor-
mation, as indicators for determining whether stream 
conditions are favorable for aquatic animals. 

Other Environmental Factors 
Affecting Stream Surveys

In addition to amphidromy, frequent fl ash fl oods, in-
tervening periods of low water, and stream topography 
must be taken into account when collecting and inter-
preting fi eld data. Upstream animals have a remarkable 

ability to hold position in swift water, and most, if not 
all, exhibit some degree of species-specifi city in re-
spect to their distribution as adults along the length of 
a stream. The up-and-down movement of water levels 
associated with freshets and their abatement usually 
does not displace animals along the length of a stream 
unless the effects are especially severe. However, the 
distribution of a species may expand laterally during 
high water and contract during periods of low water. 
During high water, the number of individuals per unit 
volume of water or per unit area of stream bottom will 
appear lower than the same number of animals when 
water level is lower and the animals are less dispersed. 
Although once used commonly by mainland fi shery 
biologists, evaluating streams by simply scoring the 
major aquatic species as present or absent can be mis-
leading because the occurrence and local density of 
island species are strongly infl uenced by stream to-
pography. Streams with a long estuary, for example, 
may not have the fi shes that concentrate as adults in 
the upper reaches, but will have large numbers of el-
eotrids and other fi shes that usually occur in sections 
of the stream closer to the sea. The situation in terms 
of species presence, distribution, and abundance very 
likely will be reversed in high gradient streams with-
out discrete estuaries. Streams that drop directly into 
the sea from a waterfall probably will have those spe-
cies that occur well inland but may lack entirely the 
kinds of animals that occupy lower stream reaches and 
estuaries. 

Requirement for Special Survey 
Procedures on Islands

Island streams resemble certain high quality streams 
on continents, but the similarities are sharply limited. 
Continental streams are rarely subject to the constant-
ly recurring fl ash fl oods that characterize streams on 
tropical oceanic islands. In addition, the major animal 
species in continental streams are only very distant-
ly related to island fauna, and most do not have an 
obligate marine larval phase in their life cycles. Con-
sidered together, the dynamic nature of island streams 
and the amphidromous life cycles of their aquatic an-
imals readily distinguish island stream ecosystems 
from continental stream ecosystems. These distinc-
tions have made it imperative to develop stream sur-
vey methods that are appropriate for islands. Many 
techniques arguably effective in mainland streams ei-
ther cannot be used in island streams or are sharply 
limited in their applicability. 
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Computer Analysis

Computer automation of biological data provides 
convenient, time-saving tools for developing fau-
nal checklists, summarizing physical and biological 
descriptions of streams, and tracking environmental 
change. Step-by-step procedures for computer analy-
sis of stream data and stream ecosystem modeling are 
not included in this guide. However, the survey and 
monitoring techniques described here are designed 
precisely to provide data in a format amenable to au-
tomated examination and interpretation of informa-
tion where computers and appropriate programs are 
available. Although there are many database and ana-
lytical programs that lend themselves to environmen-
tal studies, Geographic Information Systems (GIS) 
analysis has proven useful for investigations of Ha-
waiian stream ecosystems. Field data encompassing 
hydrology, water chemistry, recruitment, distribution 
and density of animals, their maintenance and social 
behaviors, reproduction, and habitat requirements and 
preferences can be tied together temporally and spa-
tially in a GIS format that facilitates tracking trends in 
a single stream and grouping similar streams for com-
parison. The analysis can be used also to recommend 
specifi c actions for stream restoration and will deter-
mine precisely how much water can be withdrawn 
from a stream for human uses before habitats for ani-
mals are affected. Sections of this protocol concerning 
microhabitats for fi shes and the use of a GIS model 
to assimilate physical and biological information offer 
more information about the nature of GIS and describe 
survey techniques for obtaining GIS-compatible data. 

A future use will be to expand the GIS model to in-
clude the land on each side of a stream. Providing a 
continuum that extends out from the center of a stream, 
through streamside vegetation, up valley walls to the 
ridges separating valleys, and from the stream mouth 
out into the ocean will result in a watershed approach 
to understanding biological processes. This approach 
coincides exactly with the ancient Hawaiian concept 
of ahupua’a, the land division that extends from valley 
wall to valley wall and from the top of the mountain 
into the depths of the sea. An ahupua’a provided the 
resources Hawaii’s fi rst people required for survival. 
These Polynesians became the fi rst natural resource 
managers, conservationists, and enforcement offi cers 
for large parcels of land where all activities associated 
with sustaining life depended on the clear mountain 
streams fl owing through them. 

Versatility of Survey Procedures

The fi eld procedures described here are meant to be 
fl exible and adaptable; certain aspects can be modi-
fi ed, de-emphasized, or excluded as necessary to ac-
commodate an investigator’s specifi c interests. In this 
report, fi shes (specifi cally gobies and eleotrids) have 
been selected as the main indicators of environmen-
tal quality, but other workers may choose to focus on 
stream invertebrates, on insects whose pre-adult stag-
es require water, or perhaps on the algae which form 
the base of the food web (see chapter 4 for sampling 
methods). These methods are not offered as the last 
word on how to conduct biological surveys of island 
streams. Inevitably, fi eld procedures will be improved 
and made more effi cient by biologists doing the work 
and by advances in technology that enhance data col-
lection and interpretation. For this reason, comments 
and criticisms are welcomed and encouraged. 

Identifi cation of Stream Animals
 
Scientifi c and Common Names

The species of animals commonly occurring in fresh-
water streams of Oceania are well known for a few 
groups of islands (e.g., Micronesia, French Polynesia, 
and Hawai’i), but may be poorly studied elsewhere. 
The biologist conducting stream surveys and need-
ing to assign scientifi c names to the animals may be 
faced with considerable detective work. The fi rst step 
is to determine whether a guide to the identifi cation of 
freshwater animals or a list of species is available for 
the islands to be studied. If not, guides and faunal lists 
for other islands will provide a start in identifying the 
animals. Be cautious about assigning species names to 
fi shes and invertebrates by assuming the same species 
is widespread in its distribution. However, keys to the 
identifi cation of animals from other islands certainly 
can be useful in determining the families and often the 
genera to which animals can be assigned with accu-
racy. Barring that option, the consistent use of local 
names for the animals will suffi ce until specimens can 
be collected, preserved, and sent to experts for identi-
fi cation. If local names are not available, the biologist 
can assign a fi sh, shrimp, or prawn a common name 
based on its appearance, behavior, habitat preference, 
or other feature (such as the “white-striped goby,” 
“climbing shrimp,” and “brackish-water prawn”) and 
use those names consistently for survey purposes un-
til the animals are correctly identifi ed. Be aware that 
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some of the names assigned may include or separate 
males, females, and juveniles of the same species. For 
example, among gobies, males are likely to be more 
brightly colored than females. Among prawns, the che-
lipeds (pincers) may be larger in the male, and, among 
certain groups of freshwater shrimps, the female may 
be considerably more robust (thicker-bodied). Juvenile 
fi shes or crustaceans may not always be smaller cop-
ies of the adults. The relationship, particularly male-
female, likely will become evident as the biologist 
spends time watching them underwater. Perhaps the 
best preservative for animals to be identifi ed later is 
10 percent formaldehyde for adult fi shes and larger in-
vertebrates, and 3 to 5 percent formaldehyde for small 
fi shes and invertebrates. Unbuffered formaldehyde 
will make the specimens stiff or brittle over time, but 
the preservative can be buffered with a pinch of borax 
or small piece of dead coral added to the pickle jar. It is 
a good idea to wrap the coral in cloth to prevent it from 
damaging specimens when they are moved from one 
place to another or shipped off-island for identifi ca-
tion. For small specimens, alcohol (55 percent isopro-
panol or 70 percent ethanol) can be used as the initial 
preservative, but alcohol may remove colors useful in 
identifi cation. Ideally, animals are originally fi xed in 
buffered formaldehyde and, after identifi cation, trans-
ferred to alcohol as the fi nal preservative to give them 
a “shelf life” of many years. For holding the animals 
for a short time before identifi cation, they can be kept 
alive in aquaria, placed on ice, or covered with water 
and frozen.
 

Assessment Procedures
 
Rationale

The idea behind stream surveys on islands is to dis-
cover the species of animals that comprise a freshwa-
ter aquatic community, and then become suffi ciently 
familiar with one or more species in different sections 
of the stream that a change in the numbers, behavior, 
or location of these animals within the stream can be 
used to detect environmental change. In the Hawaiian 
Islands, there are so few species of stream fi shes (only 
fi ve) it is seldom necessary to select a key species or 
indicator species during stream assessment. How-
ever, among the islands of the Western Pacifi c there 
can be fi ve times that number of indigenous freshwa-
ter fi shes. There are two approaches in selecting spe-
cies for emphasis. The biologist may pick a species 
that appears characteristic of a stream section because 

it is most common, behaviorally dominant, most eas-
ily observed, or some combination of features that 
makes it appropriate for concentrated study. Another 
approach is to select a species that is less common or 
even rare and somehow more vulnerable to environ-
mental change than other members of the community. 
Perhaps the best procedure is to include both types of 
species when it is not possible to study equally all the 
animals in a stream. 

Once the aquatic fauna (upstream gobioid fi shes are 
emphasized here) becomes well known, then it be-
comes possible to make certain types of measure-
ments, counts, and other descriptions to evaluate 
whether stream conditions are favorable by answering 
the following questions.

1. Are the expected species present and distrib-
uted in species-typical patterns?

2. Are patterns of drift and recruitment in a giv-
en stream comparable with those seen in oth-
er island streams or in the same stream under 
similar conditions at a different time?

3. Are juveniles and adults exhibiting appropri-
ate maintenance and social behaviors?

4. Is there evidence of reproduction?

5. Is fl ow in the main channel and at the mouth 
of the stream suffi cient to discourage intro-
duced fi shes that may interact unfavorably 
with native fi shes?

6. If introduced species are present, do they 
have parasites or diseases that could be or 
have been transmitted to native fi shes? Are 
such parasites present in native fi shes even 
though the original introduced hosts are no 
longer in the stream?

7. Is there suffi cient year-round fl ow that pe-
riods of low water will not result in loss of 
habitat? Related question where appropriate: 
What will be the effect on habitat availabil-
ity of adding or removing a given amount of 
water from the stream?
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Personal Field Gear

(Adapted from Fitzsimons and Nishimoto 1997)

A biologist can get started in assessing a stream with 
only a dive mask, pad of paper, and a pencil. However, 
for convenience, safety, and reducing wear and tear on 
the body, the gear described here is recommended. A 
professional-quality full-length wet suit is highly rec-
ommended where data collection requires underwater 
observations. The wet suit protects the observer from 
cuts, scrapes, and bruises and from becoming chilled 
in water with temperatures ranging from about 15 - 25 
oC. A two-piece suit (“Farmer John” style resembling 
bib overalls plus jacket) is best because the jacket can 
be removed to prevent overheating when carrying gear 
to and from the work site. Elbow and knee pads pro-
vide further protection and may help reduce slipping 
on wet rocks. In cold water, a wetsuit liner, hood, and 
gloves are required. Thin liners without an insulating 
layer are not recommended because, once the jacket 
and pants are removed, even a slight breeze evapo-
rates moisture from the fabric and causes the diver 
to become chilled. Heavy-duty gloves and especially 
ones with a layer of Kevlar™ on the palms and fi n-
gers provide a fi rmer grip than bare hands and protect 
them from rocks with sharp edges. Felt-soled fl yfi sh-
ing boots or Japanese tabis are superior to hard-soled 
footwear that slips easily on wet, algae-covered rocks. 
Swim fi ns are useful in deeper streams and rivers and 
in the splash basins of waterfalls. A 30 m length of ny-
lon rope, suffi ciently thick for a fi rm grip, facilitates 
rappelling without a harness down a moderate slope 
to reach a stream. The running (free) end of the rope 
is passed between the climber’s legs from the front, 
draped over the left shoulder, and grasped with the left 
hand at or below waist level; the standing (attached) 
section of the line is gripped with the right hand at 
about chest level. As the climber descends, slack in 
the rope is created with the left hand and controlled 
by the right hand. Another method requires passing 
the rope around a tree or other upright and securing it 
to the climber with a bowline around the upper torso. 
The running end is held in either or both hands and 
slack created as needed during the descent. The latter 
method provides an easier climb back up the slope. 
A backpack with shoulder and sternum straps is ideal 
for carrying loose gear while leaving both hands free 
for climbing. The dive mask, camera, tape recorder, 
other equipment, food, drinking water, paper towels, 
etc. should be packed in crush- and water-proof plastic 
containers before being placed in the pack. A large soft 

towel will cushion the load. A hand towel sealed in a 
plastic bag is useful for drying hands before using the 
tape recorder or camera that is not waterproof. 

Safety Precautions

In some parts of the Pacifi c, sharks, saltwater croco-
diles, venomous snakes, stinging insects and other ar-
thropods (e.g., centipedes), and plants that irritate the 
skin and eyes may occur in or near the study stream. 
Field procedures should be planned to minimize or 
eliminate exposure to these potentially harmful ani-
mals and plants. There are three unusual hazards in 
stream work throughout the Pacifi c. 

1.  A diver with eyes and ears covered by wa-
ter may not be able to see or hear a waterfall 
until he or she has come close the edge. The 
stream bottom immediately upstream from a 
waterfall is typically worn smooth; the swim-
mer may not be able to gain a foot- or hand-
hold to prevent being swept over the edge. 

2.  Flash fl oods are a common feature in is-
land streams. On small islands or on ones 
with steep slopes, it may be possible for 
the worker to see heavy rain being depos-
ited upslope. However, on larger and lower 
islands or where the forest blocks view of 
the mountains, there may be little warn-
ing of an impending fl ash fl ood. If they oc-
cur at all, warnings include the odor of mud 
and the sound of rocks and boulders be-
ing overturned by the wall of water rush-
ing downslope or by a loss of underwater 
visibility. Even a slight decrease in visibil-
ity probably indicates that a stream has left 
its banks further inland. It is a good idea to 
place an object at water level and look up ev-
ery few minutes to see if it still above water. 
The worker should leave the water for high 
ground immediately at the fi rst indication, 
however slight, of rising water or loss of vis-
ibility. 

3.  Leptospirosis, sometimes called mud fever 
or sugar cane fever, is an animal-borne dis-
ease that can be lethal in humans. The dis-
ease is caused by a bacterium (spirochaete 
in the genus Leptospira) carried in the kid-
neys of dogs, cats, cows, rats, pigs, and other 
mammals and spread through their urine. 
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People usually become infected when han-
dling animals, drinking from streams, or 
through skin abrasions or open sores when 
working in mud and fresh water. It is pos-
sible also, that the bacterium can be ac-
quired from water that comes in contact with 
mucous membranes of the eyes, nose, and 
mouth of a swimmer. Leptospirosis is some-
times diffi cult to diagnose because, in early 
stages, it may resemble mild infl uenza with 
fever, headache, and body pains. A more se-
vere infection may also include coughing, 
red eyes, nausea and vomiting. After sev-
eral weeks, a fi nal phase, which can be fatal, 
includes bleeding problems and abnormal 
functioning of the lungs, kidneys, and liver. 
Antibiotics are usually effective if adminis-
tered a few days after the onset of the illness. 
200 mg of doxycycline, taken once a week, 
serves as a preventative. However, stomach 
upsets, slight nausea, and subsequent yeast 
infections in women may occur. Some indi-
viduals working in Hawaiian streams prefer 
the risk of acquiring leptospirosis to using 
the antibiotic doxycyline, a broad-spec-
trum tetracycline derivative. Each individual 
should consult a physician before reaching a 
decision. 

Recording Oobservations

Field data and notes are written above or below water 
on a waterproof slate (white or light-colored plastic or 
fi berglass that has been sanded lightly), on preprinted 
water-proof data forms, or on spiral-bound MylarTM 
forms held to the slate with large rubber bands. Semi-
loose forms are preferred because they can be de-
tached and fi led. A No. 2 lead pencil works well (lead 
and eraser) on most writing surfaces above or below 
water. Lengthy comments can be tape recorded and 
transcribed later (preferably the same day) into a fi eld 
notebook or computer. Water quality data are recorded 
on fi eld forms or downloaded from instruments into a 
computer at streamside. It is important to make photo-
copies of fi eld data forms, copies of tapes, etc. so that 
two sets of complete data and other information can be 
stored separately.

Site Selection

It is convenient and logical to divide a stream to be 
surveyed into three or more sections that coincide with 

tendencies in the distribution of adult stream animals. 
Designations of lower, middle, and upper reaches have 
proven most useful. The lower reach is defi ned as the 
section of stream from the ocean to the fi rst major wa-
terfall. Estuaries, the area at the mouth of low gradi-
ent streams with extensive mixing of fresh and ocean 
water, are included in the investigation as part of lower 
stream reaches. The middle reach includes the mod-
erately steep section, characterized by classic riffl e - 
run - pool development, above the fi rst major water-
fall. The upper reach is defi ned as the extremely steep 
headwater section of the stream identifi ed by the de-
velopment of waterfalls and plunge pools. These reach 
designations have both geological and biological va-
lidity in streams. However, there will be many streams 
which, because of their length, grade, and occurrence 
of waterfalls, cannot logically be divided into three 
sections as suggested here.

After a review of topographic maps and a visit to the 
stream, the selection of study sites within a stream 
should be determined with the same care and atten-
tion given to the safety of survey personnel as was the 
original selection of the stream itself. Conditions in 
some streams may limit investigators to one or two 
work sites. In other streams, a rugged coastline, nar-
row valley, high waterfalls, steep gradient, and heavy 
canopy may prevent safe access to any site within the 
stream even by helicopter.

Physical Conditions in Study Stream

Workforms are derived from the U. S. Natural Re-
sources Conservation Service (NRCS) Stream Visual 
Assessment Protocol Part 601 (Draft September 1998) 
to provide a qualitative description of the study site. 
Items inapplicable or intrinsically diffi cult to assess in 
island stream ecosystems have been excluded. Most 
island streams, for example, are “way off the NRCS 
scale” in respect to hydrologic alteration (frequency 
of fl ooding); moreover, periodic fl ooding in island 
streams is benefi cial and not detrimental as indicat-
ed in the NRCS system of scoring. We strongly rec-
ommend that the NRCS scoring system not be used. 
Assigning a score from 1-10 (or other scale) to rank 
(poor to excellent) any feature of a stream is inherently 
misleading because it assumes that a higher score in 
some feature is somehow always better for all aquatic 
animals living in the stream. The error is compound-
ed by combining scores of physical features from one 
day’s set of observations to give the stream a “value” 
expressed numerically or in words. Such ranking has 
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little or no scientifi c basis and has little or no signifi -
cance for the assemblage of animals that live in the 
stream. In addition, scores from one survey effort are 
likely to change dramatically in response to the next 
fl ash fl ood. Instead, this information is best used as 
a description of conditions existing at the time of the 
survey and evaluated later in the full context of the 
biological attributes of individual species over time 
and space in that stream and in others. Only then can 
understanding the relevance of physical conditions 
to stream life have a scientifi c basis. (See Field Input 
Forms 1-8.)

Drift

Drift nets with a mesh size of 100 microns can be used 
to sample newly hatched fi shes and invertebrates be-
ing carried downstream. A round plankton net can be 
used, but a square net that can either be suspended in 
the water or placed fl at on the bottom may be prefer-
able. Nets are used singly or placed in a series per-
pendicular to the fl ow. If the total cross-sectional area 
of all nets is measured and the cross-sectional area of 
the stream is calculated, it is possible to estimate the 
percent of stream fl ow being sampled. Nets should be 
placed in an area where they are likely to intercept or-
ganisms being swept downstream, but exceptionally 
swift water that would develop enough back pressure 
to wash out the contents of nets should be avoided. 
Nets usually are left in place for 24 hours to detect 
diel differences in the frequency of drift organisms. 
Nets should be emptied at regular intervals (usually 
1-2 hours) to prevent leaf litter and other debris from 
overloading them and to make it easier for the inves-
tigator to remove the catch. Preserve drift samples 
separately in 3% buffered formaldehyde for sorting 
and counting. Identifying newly hatched larvae can be 
diffi cult. A dissection microscope and reference col-
lection will be needed. A reference collection can be 
built by setting the net in an area where adults of only 
one or two species are present and by removing eggs 
known to have been deposited by a certain species and 
allowing them to hatch in a bucket or aquarium. (Field 
Input Form 9.)

Fish Recruitment

The major groups of native freshwater fi shes (go-
bies and eleotrids) and macroinvertebrates (shrimp, 
prawns, limpets) in island streams have an amphidro-
mous life cycle. After a period of time in the ocean, 
larvae/postlarvae migrate from the ocean into mouths 

of streams and continue moving upstream to sites 
occupied by adults. The recruitment of young gobi-
oid fi shes into fresh water may occur all year, but, at 
least in Hawai’i, recruitment appears to be heaviest a 
few days after freshets and especially during the third 
quarter lunar phase (Nishimoto and Kuamo’o 1997: 
C. Akuna, pers. comm., and Ancient Hawaiian Moon 
Calendar Related to Fishing and Farming). Migrating 
animals are captured on screen-wire seines or in a pas-
sive trap such as the one specially designed by Dar-
rell G. K. Kuamo’o for island streams. Constructed of 
Plexiglas, aluminum, and plastic window screening, 
the trap is anchored to the stream bottom at the mouth 
of the stream. Traps are left in the water for a 24-hour 
period, and animals are removed at regular intervals, 
usually hourly. Fishes are killed instantly in ice wa-
ter, identifi ed, and measured under a dissection mi-
croscope. Fishes and invertebrates are then preserved 
in 5% buffered formalin and catalogued into a speci-
men collection for later reference. Water depth, moon 
phase, tide phase, temperature, and other water qual-
ity details are recorded as samples are removed from 
the trap. Identifying the species of animals recruiting 
from the ocean, as with drift, may be initially diffi cult. 
However, larval/postlarval recruits often resemble the 
adults in some features (pigment patterns, head and 
body shape, etc.) and, after patient study, these small 
animals usually can be associated with the correct spe-
cies. (Field Input Form 10.)

Instream Distribution, Density 
and Relative Abundance

Upstream fi shes and macroinvertebrates are mostly 
benthic as adults. They are capable of sustained swim-
ming off the bottom for short periods, but fi shes have 
a reduced swim bladder and, like the crustaceans, they 
sink slowly unless energy is expended to remain sus-
pended. Stream bottoms are usually very irregular. 
When fi shes and crustaceans are disturbed, the ani-
mals quickly move into holes and interstices between 
rocks and boulders or dive into loose sand and gravel. 
Because of the behavior of stream animals and irreg-
ularity of bottom topography, collections by seining 
and electroshocking are not likely to provide reliable 
assessments of species presence, distribution, density, 
and relative abundance. Instead, underwater observa-
tions have proven to be the most effi cient. Visual sam-
pling methods for island streams are of two types, the 
transect method and the point quadrat method. A thor-
ough stream survey probably will include both. 
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In the transect method, an observer moves slowly 
upstream along an actual transect line or predeter-
mined swim path while counting and, when possible, 
estimating the size and sex of aquatic animals along 
both sides of the line as far as visibility permits. Data 
are recorded in the context of distance covered and/
or length of observation time. A generally upstream 
movement is preferred so that loose materials stirred 
up from the bottom by the swimmer do not impair vi-
sion. The transect method can be used in sections of a 
stream where visibility is mostly unobstructed, where 
movement by the observer is relatively unhampered, 
and where the predominant species are not easily dis-
turbed. Swimming one or more transects for recon-
naissance of the lower, middle, and upper sections of a 
stream is a logical method for a preliminary survey of 
a stream not previously investigated. Familiarity with 
the fi shes’ behavior is essential for knowing where to 
look and for judging how quickly and how closely an 
observer can move without frightening the animals. 
Response to a swimmer varies among species and may 
vary within a single species according to age and sex 
of the animals. Females and juveniles of certain spe-
cies in an open area, for example, are not nearly as eas-
ily displaced by a swimmer as are large males. How-
ever, in riffl es a few inches deep, fi sh of both sexes 
and various sizes often permit an observer to approach 
closely before moving away. (Field Input Form 11.)

In the point quadrat method, fi sh counts are made at 
discrete points in the stream by a stationary observ-
er. The swimmer enters the water quietly, moves up-
stream to an observation site, and remains motionless 
until the fi shes and other animals have resumed their 
usual behavior. Fish counts are accompanied by not-
ing the size of the observation area. The selection of 
observation sites can be non-random (selected by the 
investigator) or random (selected by use of a table of 
random numbers converted into distance upstream and 
distance into the water from the bank). The non-ran-
dom point quadrat method will take the observer to 
sites thought to contain concentrations of native fi shes 
and invertebrates, and the random approach will take 
the observer to sites that may or may not be occupied 
by stream animals. The choice between the non-ran-
dom or random point quadrat methods will depend 
on the kinds of biological questions being asked. In 
an exhaustive stream survey, both might be used. Be-
cause island streams have different kinds of habitats 
according to elevation or distance inland, it is conve-
nient to place randomly selected sites within lower, 
middle, and upper stream reaches. This type of sam-

pling (large area chosen non-randomly, sampling sites 
within it selected randomly) is referred to by the very 
long but descriptive name “stratifi ed random point 
quadrat method.” This latter method has become the 
standard for surveying most Hawaiian streams. (Field 
Input Form 12.)

Studying Fish Behavior

Stream fi shes have a repertoire of behavior that is 
usually simple and relatively invariable among mem-
bers of the same species. The best method is to enter 
a stream quietly and move slowly upstream until ani-
mals come into view. Then the investigator should re-
main as motionless as possible while selecting one fi sh 
to watch for 10-15 minutes before switching attention 
to another fi sh. A patient observer eventually will be 
able to recognize discrete units of behavior and will be 
able to assign them to an appropriate context such as 
feeding and reproduction. Behaviors associated with 
maintenance (food and feeding) and reproduction (de-
fense of territories, courtship, and spawning) are usu-
ally easily recognized and can be logged into the data 
as an integral part of stream surveys. (For more details 
on techniques and examples for using fi sh behavior in 
stream monitoring refer to the report by Fitzsimons 
and Nishimoto 1997.) 

Maintenance Behavior

The occupation of species-typical sections of a stream 
and areas within a stream section coupled with appro-
priate social and feeding behavior can help indicate 
whether conditions are generally favorable for stream 
animals. (Field Input Forms 13 and 14.)

Reproduction

Perhaps more than other kinds of observations, evi-
dence of reproduction is a clear indication that spe-
cies’ requirements are being met in an island stream. 
Evidence of reproduction can be direct or inferred and 
includes observations of newly hatched larvae (drift), 
spawning, patches of eggs, courtship and pre-spawn-
ing behavior, courtship colors in males, females carry-
ing eggs, and territoriality in males. The occurrence of 
young animals (postlarvae and juveniles) in the study 
stream is not evidence of reproduction in that stream; 
these animals will have migrated into the stream from 
the ocean. (Field Input Form 15.)
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Parasites

(Contributed by William F. Font, Department of Bi-
ological Science, University of Southeastern Louisi-
ana) 

These recommendations are based upon experiences 
with parasites of stream fi shes that were developed in 
Hawai’i. Because of the extreme isolation of the ar-
chipelago, the parasite fauna of stream fi shes is fairly 
depauperate and more species-rich parasite communi-
ties may be encountered on other Indo-Pacifi c islands. 
In general, it is likely that parasite communities may 
increase in species richness elsewhere because of a) 
greater species richness and taxonomic diversity of na-
tive fi sh communities b) the introduction of more spe-
cies of exotic fi shes and their parasites and c) greater 
proximity to continental land masses, providing more 
opportunities for parasite colonization. 

These recommendations and techniques pertain to rel-
atively large parasites, mainly helminths and crusta-
ceans, which may be seen directly in the fi eld with no 
magnifi cation or with the aid of a stereomicroscope 
(i.e. at magnifi cations of approximately 10 to 30 X). 
These methods do not apply to smaller parasites, in-
cluding viruses, bacteria, fungi, or protistans. Howev-
er, if fi sh show external signs of disease such as sores, 
bloody lesions, white patches, or eroded fi ns, these mi-
croparasites might be causative agents. If these signs 
are encountered in the fi eld, the diseased fi shes should 
be collected and sent to researchers with the appropri-
ate expertise to identify them. 

Because leeches are external parasites of fi shes, their 
presence is more easily detected than are internal para-
sites. Leeches occur primarily on the body surface and 
fi ns of their fi sh hosts where they can be detected and, 
if required, enumerated. Leeches on the dorsal and lat-
eral surfaces of bottom-dwelling hosts such as native 
gobioids in Hawaiian streams usually can be detected 
while observing fi sh underwater. However, two cau-
tionary points require consideration. First, very small 
specimens of these ectoparasites are unlikely to be de-
tected in the fi eld. Second, because leeches occasion-
ally attach within the oral cavity or beneath gill cov-
ers, these are unlikely to be detected without capturing 
the fi sh. Crustaceans, mainly copepods and branchiu-
rans, may also be encountered on the body surfaces 
and fi ns of fi shes, although their small size and often 
semi-transparent bodies may make them more diffi -
cult to detect than leeches. Copepods may be partial-

ly buried in the fl esh and can be best visualized by 
the long string-like egg masses streaming from their 
bodies. Branchiurans are typically ovoid in shape and 
fl atten themselves against the bodies of fi sh hosts. Al-
though monogenes constitute another group of exter-
nal parasites, the species that dwell upon fi ns, skin, 
or gills of freshwater fi shes are virtually always too 
small to be detected in the fi eld. However, they may be 
detected when examining fi sh for internal parasites as 
described below. In general, monogenes are extremely 
host specifi c and our experience in Hawai’i has shown 
that exotic monogenes that parasitize alien fi sh hosts 
have not transferred to native stream fi shes.

Ideally, voucher specimens of these and other parasites 
should be collected and preserved for confi rmation of 
identifi cation and possible deposition in a museum 
collection. To this end, proper treatment of leeches is 
essential in order to preserve natural anatomical char-
acteristics. If possible, leeches should fi rst be relaxed 
in a weak alcohol solution (10% ethanol) and observed 
until they are unresponsive to touch. These anaesthe-
tized leeches should then be stored in properly labeled 
vials of 10% formalin. If possible, the color pattern 
and markings should be recorded because they are of-
ten useful for identifi cation and fade quickly in preser-
vative. Crustaceans are more easily preserved. Placing 
specimens directly into vials of 70% ethanol is all that 
is required.

In assessing streams for leech infestations, emphasis 
should be given primarily to bottom dwelling native 
fi shes such as gobies and sleepers because these hosts 
typically have higher prevalences (percentage of hosts 
infested) and abundances (average number of worms 
per fi sh) than fi shes that usually remain suspended 
above the bottom. It should be noted, however, that 
poeciliids in Hawai`i and perhaps other exotics may be 
parasitized by leeches, but these infestations are less 
readily detected.

Although more diffi cult to detect than leeches, the 
potential for pathogenicity of the endoparasitic hel-
minths may exceed that of leeches. The following hel-
minth taxa may be encountered: trematodes (fl ukes), 
cestodes (tapeworms), nematodes (roundworms), and 
acanthocephalans (spiny-headed worms). Adult hel-
minths usually, but not always, occur in the digestive 
system. In addition, larval or juvenile helminths may 
embed themselves in visceral organs or musculature. 
Occasionally, juvenile worms, especially larval fl ukes 
(metacercariae) may be noticed in the fi eld as bumps or 
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pigmented spots on the surface of fi sh hosts. Because 
they penetrate and dwell in tissues, juvenile parasites 
may in many instances be more pathogenic than adults. 
Rigorous quantifi cation of the actual prevalence (per-
centage of fi sh infected) and mean abundance (aver-
age number of parasites per fi sh) of internal helminths 
requires necropsy of fi sh hosts. Identifi cation requires 
proper fi xation, often accompanied by the necessity of 
relaxation of soft-bodied helminths. Following fi xa-
tion, staining and mounting of specimens is probably 
best performed by the parasitologist who identifi es the 
specimens. If these techniques and identifi cation are to 
be performed directly by the person who conducts the 
stream assessment, then the parasitological literature 
should be consulted. Standard parasitology techniques 
can be found in M. H. Pritchard, and G. O.W. Kruse 
1982, The Collection and Preservation of Animal Par-
asites, Technical Bulletin No. 1, The Harold W. Man-
ter Laboratory, University of Nebraska Press, Lincoln, 
141pp. A useful guide for the identifi cation of freshwa-
ter fi sh parasites is provided by G. L. Hoffman 1999, 
Parasites of North American Freshwater Fishes, 2nd 
edition, Cornell University Press, 539 pp. (It should 
be noted that many of the helminths encountered in 
Hawaiian streams have their origins in the Orient and 
will not be found in Hoffman’s book. However, many 
of these Oriental parasites have similar, sister species 
in North America which may provide a useful starting 
point for proper identifi cation.)

For both external parasites and internal parasites, 
stream assessment minimally should determine wheth-
er parasites are present or absent in a particular stream 
or watershed. As a general guideline, if a particular 
species of parasite is not found in a sample of 30 fi sh 
hosts, then it may be reasonably concluded that the 
parasite is absent from the stream or occurs in such 
low numbers as to not represent a disease threat to na-
tive fi shes at the time of sampling. Emphasis should 
be placed upon parasites of exotic fi shes for several 
reasons. First, the presence of non-native fi shes in a 
stream increases the likelihood that their parasites may 
have transferred to native stream fi shes. Secondly, be-
cause of the relative recentness of this new host-para-
site relationship, the native fi sh hosts may be more sus-
ceptible to disease associated with the parasite because 
of the lack of time necessary to acquire defensive ad-
aptations. Finally, because exotic fi shes are generally 
unwanted in streams, larger sample sizes may be ob-
tained for parasitological examination. Often, the re-
quirement of large sample sizes for statistical analysis 
would have a detrimental impact on populations of na-

tive fi shes. One approach, useful as a “quick screening 
method,” might be to collect large samples of exotic 
fi shes, preserve them in 10% formalin, and ship them 
to a collaborating parasitologist for examination. Most 
of the soft-bodied internal parasites in fi shes preserved 
in this manner will be contracted and distorted, mak-
ing specifi c identifi cation impossible. However, after 
fi nding streams, or hosts where parasites are abundant 
enough to cause problems, additional samples can 
be obtained where more labor intensive preservation 
of parasites may result in their proper identifi cation. 
(Field Input Forms  16 and 17.)

Time Budgets

Energy and time are limited for every individual ani-
mal, and they comprise the two major constraints on 
behavior. A time or energy budget tracks animal be-
havior. The preparation of time budgets for stream 
animals, when included as part of a stream survey 
protocol, draws investigators’ attention to those be-
haviors, and to the conditions under which they oc-
cur, that are critically important in the ability of the 
animal to maintain itself and produce young. Direct 
underwater observations of adult behaviors such as 
feeding, courtship, aggression or simply stationary 
(=sitting) are used as indicators of typical or altered 
behaviors. Timed observations of these general cate-
gories are scored by using a waterproof scoring form 
attached to a plexiglass slate. These stereotypic behav-
iors can be compared between sampling stations and 
between streams for tracing behavioral changes over 
time. (Field Input Form 18.)

Microhabitats

Microhabitat studies are useful for understanding 
where an animal lives within its environment and de-
termining the habitat it selects. Microhabitat studies 
characterize environmental conditions in the immedi-
ate proximity of an animal. In general practice, data 
recorded on the physical habitat used by the animal are 
compared with an overall characterization of habitats 
available to the animal. This allows the researcher to 
determine various habitat conditions that are non-ran-
domly selected by the animal. 

For microhabitat surveys in Pacifi c island streams, a 
modifi cation to the point-quadrat methodology is ap-
propriate. Site location procedure is identical, yet a 
more detailed dataset is recorded at the location of 
each undisturbed fi sh observed within the quadrat. Us-
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ing a random site location protocol, a snorkeling ob-
server notes the location of undisturbed fi shes within 
the quadrat. After the position of each fi sh is record-
ed, a number of variables are measured. These include 
mean water-column velocity, focal-point velocity, bot-
tom water velocity, water depth, bottom substrate type, 
availability of cover, water temperature, dissolved ox-
ygen, pH, and specifi c conductivity. Within each quad-
rat, regardless of whether or not fi shes are observed, a 
number of random sites are also characterized by mea-
suring variables. This can be accomplished by blindly 
pitching brightly fl agged lead weights into the quadrat 
and then recording the same measurements as record-
ed for the fi shes. It is important to record the date, time 
of day, general water conditions, as microhabitat use 
can change in response to diurnal, seasonal, and other 
factors. It is generally desirable to make about 150 to 
200 observations of each species, although this is not 
always possible.

Integration of Microhabitat Surveys into GIS

A Geographic Information System (GIS) analysis fo-
cusing on microhabitats for stream animals is a major 
step for designing a model to develop site-specifi c fl ow 
standards for island streams. The use of GIS analysis in 
resource management is proven as an effective tool for 
combining the various components of complex natural 
systems to illuminate patterns and trends that may not 
be inherently obvious. GIS is an advanced computer-
based technique used to process, analyze, and visual-
ize spatial data, and, with recent advances in computer 
technology, the procedure is now being used widely 
to provide three-dimensional simulations that assist 
in understanding the synergism between interacting 
components. GIS analysis has become a common and 
well-received method for assessing the effectiveness 
of various management plans for fi sheries, wildlife, 
and forestry. GIS is particularly useful for the analysis 
of environmental factors that vary either in space or 
time. This ability to accurately refl ect changes, such 
as in the habitats of stream fi shes over a wide range of 
water fl ow conditions, makes GIS analysis particular-
ly suitable for application in the dynamic stream eco-
systems of the Pacifi c high islands. The GIS method 
described here has been designed specifi cally for use 
in streams on oceanic islands where the natural his-
tory of the major animal species (amphidromous life 
cycles including a marine larval stage) and the dynam-
ic nature of lotic environments (frequent fl ash fl oods) 
readily distinguish these streams from those on con-
tinents. 

A major strength of the GIS approach is the ability to 
incorporate both the biological and hydrological com-
ponents of island streams. Two data sets, obtained dur-
ing both high- and low-fl ow conditions, are construct-
ed from fi eld observations to examine the relationship 
between the habitat available to native fi shes and the 
habitat actually used by the animals. The fi rst data 
set is habitat availability. Habitat variables, including 
mean water-column velocity, focal-point water veloc-
ity, water depth, and substrate type, are mapped from 
a series of typical stream environments, and the in-
formation is digitized into a “coverage” for the GIS 
model. A coverage is the basic unit of a GIS model; 
for example, a coverage for stream substrate appears 
on a map as a single “transparent form.” This form is 
overlaid by the map of mean water-column velocity 
to allow the relationship of the two to be observed. 
Additional layers (coverages) are added like transpar-
ent forms to encompass all the important biological 
and hydrological components for a section of stream 
as described elsewhere in these survey methods. The 
second data set is constructed for microhabitat use by 
each species of indigenous stream fi shes. This infor-
mation assesses the “suitability” of the available con-
ditions in the fi rst data set. Integration of the two data 
sets in the GIS format then are used to evaluate change 
in “suitable habitat” as a function of changing water 
fl ow. Instead of determining independent curves for 
habitat components as with IFIM (Instream Flow In-
cremental Methodology) or similar approaches, GIS 
analysis generates an integrated coverage represent-
ing all major hydrological and biological components 
of island streams. Flow data then can be manipulat-
ed to observe the effects on this interdependent group 
of habitat components. The construction of a working 
GIS model that accurately represents island streams 
involves intensive fi eldwork and substantial computer 
development time. Procedures described here focus on 
collection from the stream. 

The fi eld gear required for GIS stream characterization 
includes four reinforcement bars (“rebars”) in about 
one-meter lengths, hammer (for driving rebars into 
substrate along stream margin) 100-m plastic measur-
ing tape, a second tape (can be less than 100 m), fl ow 
meter, rod graduated in cm and with adjustable holder 
for fl ow meter, and a Hydrolab® or other equipment 
capable of measuring temperature, conductivity, total 
dissolved solids (TDS), dissolved oxygen (DO), pH, 
salinity, and reduction potential (Redox). 
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Basic hydrological parameters for each stream are de-
termined from available data (topographic maps, pub-
lished studies, information from the internet, etc.) and 
from additional fi eld measurements. Background in-
formation includes area of the watershed, rainfall pat-
terns, and stream gradient; fi eld measurements during 
the survey obtain water-quality features such as dis-
solved oxygen, conductivity, pH, salinity and temper-
ature. These features are the basis for determining the 
range of “normal” conditions in study streams. Ran-
domly selected sites are surveyed in each reach (low-
er, middle, and upper) of a stream during conditions 
of both high and low fl ow. Each study site is mapped 
(Field Input Form 9) by using a grid pattern of ap-
proximately 100 m lengths divided into 10m cross sec-
tions. A minimum of 10 sampling points are evenly 
distributed on the cross sections. The stream is mea-
sured from left bank full (when facing upstream) to 
right bank full by noting watermarks or growth of veg-
etation, and then to the water’s edge from the left and 
right. At each sampling point, data for the predeter-
mined habitat components are recorded. These include 
width (distance to sampling point from left bank full 
mark when facing upstream), water depth, substrate 
type (silt, sand, gravel, boulder, or bedrock), estimate 
of percent algal cover on hard surfaces, surface water 
velocity, mean water-column velocity (taken at 4/10 
the distance from the bottom to the surface), bottom-
water velocity, and others that may be added by the 
investigator. The intention is to include all biologi-
cally relevant habitat components. With this method, 
each site is characterized by no fewer than 100 points 
for each habitat component. Additional points are in-
cluded where needed to adequately represent observed 
conditions.

The second phase of the fi eld sampling (Field Input 
Form 20) is used to develop habitat-use graphs for the 
biological and hydrological habitat components sam-
pled during the stream-characterization stage. Non-
random (observer selects sampling points within a 
selected reach of stream) and stratifi ed random sam-
pling protocols (randomly selected sites within a se-
lected reach of stream) are used for the point quad-
rat visual survey technique. In the non-random proce-
dure, the swimmer moves slowly upstream and marks 
spots (lead weights with bright plastic tape attached) 
where fi shes or other animals are seen. The observer 
then returns to marked spots to take the instream mea-
surements indicated on the fi eld form. “Focal point” in 
association with substrate, cover, position, depth, and 
water velocity (i.e., focal point velocity) are taken pre-

cisely at the spot where the animal(s) was seen. The 
type of behavior (sitting, swimming, feeding, defend-
ing area, courting, etc.) of the animal is noted, and the 
presence or absence of leeches can be recorded also. 
During random sampling, the modifi ed point-quad-
rat method is used. Descriptive measurements (sub-
strate type, depth, etc.) are recorded at each random-
ly marked site whether or not animals were seen in 
the vicinity. The survey concentrates on indigenous 
stream fi shes, but when possible, macroinvertebrates, 
introduced fi shes, and marine fi shes common in estu-
aries are included. These observations also are record-
ed at high and low water. 

Use of a GIS Model to Assimilate 
Physical and Biological Information

Finally, complete fi eld data, encompassing site char-
acteristics, species complement, recruitment, instream 
distribution, density and relative abundance, behavior, 
reproduction, time budgets, parasites, and microhabi-
tat preferences are incorporated into a general comput-
er-generated model for island streams. The adjusted 
model for a specifi c stream then can be used to answer 
a variety of hydrological and biological questions that 
relate to change over time and through space. Howev-
er, four considerations are perhaps foremost in respect 
to water use and conservation: The model can indicate 
the (1) amount of water needed to maintain a certain 
stream or the (2) amount needed to restore it to condi-
tions that enhance the likelihood of its acquiring a nat-
ural complement of stream organisms through recruit-
ment. When it is essential to use a stream for potable 
water, agriculture, hydropower production, or other 
purpose, the model also can estimate (3) the amount 
of water that can be withdrawn to meet human needs 
with little or no effect on stream animals. Finally, (4) 
when it is necessary to identify a stream for complete 
diversion, the information in these stream assessment 
procedures, when incorporated into a GIS format, can 
assist in making the best possible choice.
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Field No. Station No.

Geographical Data

Island group Island

Stream name

Stream location

Survey site location

Latitude Land use @ survey site %
Longitude conservation reserve

forest
Temporal Data grassland

grazing/pasture
Date agriculture crop

residental
Time survey started industrial

other specify
Duration (hours or days)

hours
days

Survey team members name affiliation
1
2
3
4
5
6

Form 1: General description of study site, time of survey and team members
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Form 2: General diagram of study site

Site diagram (sketch of stream section studied) Important elements
north direction
map scale
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Form 3: Conditions at survey site

Water body check Bottom check
estuary pahoehoe

stream/river bedrock
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Form 4: Conditions at survey site (continued)

Shoreline vegetation check
shore barren
shore grassy
shore bushy

shore forested

plant amount check
none
some

moderate
much units

plant amount

Aquatic plants check
encrusting

foliose
submergent

emergent
floating

predominant species

plant amount check
none
some

moderate
much units

plant amount

Channel condition check

natural channel

evidence of alteration

altered channel

channel widening

Active downcutting or widening. >50% of the steam section with 
riprap or channelization. Dikes or levies prevent access to the flood 
plain.

predominant species

No structures or dikes. No evidence of rapid down-cutting or 
exceessive lateral cutting.

Past channel alteration but with significant recover of channel and 
banks. Any kikes or levies are set back to provide access to an 
adequate flood plain.

<50% of the reach with riprap and/or channelization. Excessive 
aggradation; braided channel. Dikes or levees restrict flood plain 
width.



Biodiversity Assessment of Tropical Island Ecosystems
Stream Ecosystems 125

Location

Riparian Zone
check The active channel width is the stream width at the bankful discharge.

Natural vegetation extends at least two active channel widths on each side.

Natural vegetation extends one active channel width on each side, or if less than one 
width, covers the entire flood plain.

Natural vegetation extends half of the active channel width on each side.

Natural vegetation extends a third of the active channel width oneach side or filtering 
function moderately compromised.

Natural vegetation less than a third of the active channel width on each side, or lack of 
regeneration, or filterin function severly compromised.

Bank Stability
check

Banks are stable; banks are low or high, all or most of the surface area of banks is 
protected by boulders and/or sheets of lava that extend to base-flow elevation.

Banks are stable; banks are low or high, 50-75% of the surface area of banks is protected 
by boulders and/or sheets of lava that extend to base-flow elevation.

Banks are stable; banks are low (at elevation of active flood plain); 33% or more of eroding 
surface area of banks in outside bends is protected by roots, large bounders, or sheets of 
lava that extend to the base-flow elevation.

Banks moderately stable; banks are low (at level of active flood plain); less than 33% of 
eroding surface area of banks in outside bends is protected by roots, large boulders, or 
lava sheeets that extend to base-flow elevation.

Banks moderately unstable; banks may be low, but typically are high; outside bends are 
actively eroding (overhanging vegetation at top of bank, some trees falling int stream, 
some slope failures apparent).

Banks unstable; banks may be low, but typically are high; some straight sections and 
inside edges of bends are actively eroding as well as outside bends (overhanging 
vegetation at top of bare bank, numerous trees and shrubs falling into stream, numerous 
slope failures present).

Form 5: Conditions at survey site
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Form 6: Conditions at survey site

Location

Water Appearance
check

Very clear, or clear but tea-colored; objects visible at depths of 1-2 m (less if slightly 
colored); no oil sheen on water surface; no noticeable film on submerged objects or rocks.

Slightly cloudy; objects visible at depths of 0.5-1 m; may have slightly brown or green color; 
no oil sheen on water surface.

Considerably cloudy; objects visible at depths less than 0.5 m; slow sections may appear 
brown or pea-gree; bottom rocks or submerged objects covered with heavy brown, green, 
or olive-green film, or moderate odor of ammonia or rotten eggs detectable.

Very turbid or muddy appearance; objects visible only at depths less than 15 cm; slow 
moving water may be bright green; other obvious water pollutants; floating algal mats, 
surface scum, sheen or heavy coat of foam on surface, or strong odor of chemicals, oil, 
sewage, other pollutants.

Nutrient Enrichment
check

Clear water along entire survey section of stream; small amounts of filiamentous algae 
(tufts less than about 3 cm).

Fairly clear or slightly greenish water along stream section; moderate growth of filamentous 
algae on stream substrates (tufts to about 10 cm).

Greenish water along entire stream section; overabundance of aquatic macrophytes; lush 
green and/or blue-green filiamentous algae (tufts exceeding about 10 cm).

Pea green, gray, or brown water along entire stretch of stream; dense macrophytes clog 
stream; blooms or filamentous algae create thick algal mats.



Biodiversity Assessment of Tropical Island Ecosystems
Stream Ecosystems 127

Form 7: Conditions at survey site

Location

Barriers to fish movement in survey section of stream
check

No barriers.

Waterfall(s) less than 2 m height.

Waterfall(s) greater than 2 but less than 10 m height.

Waterfall(s) between 10 and 20 m height.

Waterfall(s) greater than 20 but less than 50 m height.

Waterfall(s) greater than 50 m height.

Drop structures, culverts, dams, or other diversions block 1/4 or less of stream channel.

Drop structures, culverts, dams, or other diversions block about 1/2 of stream channel.

Drop structures, culverts, dams, or other diversions block between 1/2 and 3/4 of stream 
channel.

Drop structures, culverts, dams, or other diversions block more than 3/4 but not all of 
stream channel.

Drop structures, culverts, dams, or other diversions completely block the stream channel.

Stream intermittent (bed partly dry within survey site).
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Form 8: Conditions at survey site

Location

Pools
check

Deep and shallow pools abundant; greater than 30% of pool bottom is obscure due to 
depth, or the pools are at least 1.5-2 m deep.

Pools present but not abundant; from 10-30% of pool bottom is obscure due to depth, or 
the pools are at least 1 m deep.

Pools present but shallow; from 5-10% of pool bottom is obscure due to depth, or the pools 
are less than 1 m deep.

Pools are absent, or the entire bottom is discernible.

Canopy Cover
check

>75% of water surface shaded and equivalent stretches above and below survey area 
generally well shaded.

>50% shaded, or >75% in survey area if equivalent stretches ab ove and below survey area
poorly shaded.

20 to 50% shaded.

<20% of water surface shaded.

Water surface without shade.

Riffle Embeddedness

check

Riffle embeddedness indicates the depths to which objects are buried in sediment. Pull 
cobbles from the bed and estimate the percent to which they are buried. Probing with piece 
of rebar can be used to test for complete burial of a stream bed.

Gravel or coble particles are <20% imbedded.

Gravel or coble particles are 20-30% imbedded.

Gravel or coble particles are 30-40% imbedded.

Gravel or coble particles are >40% imbedded.

Riffle is completely imbedded.
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Date Observer Time in Time out

Stream Elevation Salinity Temp

Substrate: sediment sand gravel cobble boulder bedrock

Count
Native stream fish

Marine fishes, introduced fishes

Crustaceans, mollusks

Form 11: Line Transect Survey

Species NotesSize Range
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Form 12: Point Quadrat Survey

Date Observer

Stream Elevation

Distance Surveyed (m) Area (vol.) (L x W x D)

Substrate: sediment sand gravel
cobble boulder bedrock

Circle one: Run     Riffle     Pool     Sidepool     Plungepool     Cascade

Circle one: No water     Dirty water     Clear enough for observations

Species Male Female Juvenile Unknown
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Form 13: Maintenance Behavior

Date Observer

Stream Elevation

Species (write in names) Feeding Defense of feeding area No activity

Notes



Biodiversity Assessment of Tropical Island Ecosystems
134 Stream Ecosystems

Form 14: Social Behavior

Date Observer

Stream Elevation

Species

males, females, juveniles in loose aggregations; no agnostic behavior

males, females, juveniles in loose aggregations; territorial defense or maintenance of 
individual distance by some males

males, females, juveniles spaced apart; few or no interactions

frequent agonistic displays mostly among conspecific males

frequent agonistic displays seen among males, females, and juveniles

aggressive behavior includes occasional contact (closed mouth, no biting) among males

aggressive behavior includes occasional contact (closed mouth, no biting) among males, 
females, and juveniles

aggressive behavior includes occasional contact (open mouth, biting) among males

aggressive behavior includes occasional contact (open mouth, biting) among males, 
females, and juveniles

Notes
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Form 15: Evidence of Reproduction

Location

Names

newly hatched larvae

spawning

eggs

behavior

courtship coloration

ovigerous females

territoriality

Notes
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Form 16: Parasites in native fishes

Location

Fish Names

Leeches

Specimens preserved

Counts
number of fish examined
number infested

Roundworms

Specimens preserved

Counts
number of fish examined
number infested

Notes
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Form 17: Parasites in introduced fishes

Location

Fish Names

Leeches

Specimens preserved

Counts
number of fish examined
number infested

Roundworms

Specimens preserved

Counts
number of fish examined
number infested

Notes
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Form 18: Time Budgets

Date Stream Map Quadrangle

Elevation Time in Time Out Temperature

Substrate % silt % sand % gravel
% cobble % boulder % bedrock

Algae % cover

Habitat Run Riffle pool Side pool Plunge pool Cascade (circle one or more)
Comments

Site Diagram

flow �

Species Sex Estimated size

Amount of time observed

Behaviors (use hatch mark for each time behavior observed)

Sitting

Swimming

Feeding

Courtship

Defense of territory and other aggressive behavior
Estimated % time spent Sitting

Swimming
Feeding

Courtship
Aggressive behavior

Other behaviors observed and notes


