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Chapter 1
INTRODUCTION

The Physical Habitat Simulation System (PHABSIM) is an integral
component of the Instream Flow Incremental Methodology (IFIM). In fact,
PHABSIM is so closely identified with the IFIM that many people often
get the two confused. However, these are two distinct methodologies.

The purpose of PHABSIM is to develop functional relations between
discharge and physical microhabitat for a variety of aquatic resources
(Fig. 1). These resources commonly include different life stages or
seasonal microhabitat for stream fishes, but microhabitats for species
of algae, aquatic insects, crustaceans, mollusks, reptiles, amphibians,
and birds have also been simulated successfully using PHABSIM.
Furthermore, PHABSIM has been used to quantify the relative values of
different stream flows for a variety of recreational activities ranging
from kayaking to fly-fishing.

The purpose of the IFIM is to integrate all aspects of an instream
flow problem: physical microhabitat, temperature, water quality,
hydrology, social and economic issues, reservoir operations, conflicting
values systems, feasibility, and risk analysis. Theoretically, the
output from the IFIM is a mutually acceptable solution to a multi-
faceted water and habitat management problem. PHABSIM is a small but
important component in the IFIM.

PHABSIM consists of three components: (1) channel structure, (2)
hydraulic simulation, and (3) habitat suitability criteria (Fig. 2).
The channel structure component incorporates all of the fixed channel
properties that do not change dynamically with stream flow (although
they may change gradually over long time periods). Examples of fixed
channel characteristics include the dimensions and cross-sectional
configuration of the channel, substrate characteristics and
distribution, and the locations of various types of structural cover
within the channel.

Hydraulic properties include those variables that change dynamically
as a function of discharge: water surface elevations, depths,
velocities, wetted perimeters, and surface areas, for example.
Hydraulic simulation programs are used to predict the values of these
hydraulic properties at discharges that were not measured.

In combination, the channel structure and hydraulic components
generate a computerized "map'" of a portion of stream, depicted as a
mosaic of stream cells (Fig. 3). At any particular stream flow
(discharge), each stream cell has a unique combination of depth,
velocity, substrate, and cover. Other properties associated with the
cell include its surface area and position within the channel. When
another discharge is simulated in the hydraulics program, the depths and
velocities in all of the cells change, and in cells near the edge, the
surface areas may also change. The net result is that the mosaic will
look different as the discharge is changed.
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Figure 3. Conceptual depiction of the computerized "map" produced by
the channel structure and hydraulic components of PHABSIM. Stream cells
are characterized by unique combinations of depth, velocity, substrate
and cover at a given discharge.

This computerized "map' provides a picture of what the physical
environment looks like at each simulated stream flow. To translate this
picture into an estimate of microhabitat, you must determine what ranges
of depths and velocities, what types of cover, and which characteristics
of the substrate are important to a species or life stage of a species.
Collectively, information on the tolerances and preferences of organisms
with respect to the hydraulic and structural characteristics of their
microhabitats is termed habitat suitability criteria (HSC). Within
PHABSIM, the physical attributes of each stream cell are compared
against the habitat suitability criteria to determine the relative value
of the cell as microhabitat for a particular organism (Fig. 4).
Sometimes, these relative values are expressed as weighting factors,
ranging from 0 to 1. When these weighting factors are multiplied by the
surface area of the cell, the product is known as weighted usable area
(WUA). The weighted usable areas for all of the cells are then summed
to obtain a single weighted usable area for the reach of stream that was
simulated.
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Figure 4. Conceptual depiction of the computerized "map" of physical
microhabitat for a life stage of a target species, generated by
comparing the physical attributes of each cell with the habitat
suitability criteria for the organism.

During the late 1980"s, there was a television commercial that
admonished car owners to change their oil filters regularly or face an
engine overhaul. '"Pay me now or pay me later," was the catch-phrase of
the commercial, with a strong implication that paying later meant paying
more dearly. In many respects, there is a strong analogy between the
commercial and data collection for PHABSIM. Well-organized, high
quality data greatly facilitate model calibration and quality assurance;
PHABSIM novices can often achieve the same high quality output as their
more expert counterparts. On the other hand, more sophisticated models
and modeling techniques are required to make up for deficiencies in the
field data. Therefore, the trade-off is often between an investment in
high quality field data (pay now) versus an investment in a PHABSIM
modeler with the skill to complete the analysis in spite of the data
(pay later).

The purpose of this field techniques manual is to provide you with
information, ideas, and experiences of many Ffield practitioners of
PHABSIM, so that you can collect the highest quality data possible. The
manual also aims to cover all aspects of field work involved in
applications of PHABSIM, in a variety of stream settings. Accordingly,
individual chapters are organized in approximately the same sequence
that should be followed in an application of PHABSIM:

4



€Y
@
€))
€Y
G
()
Q)

how
how
how
how
how
how
how

to
to
to
to
to
to
to

Chapter 1
test the transferability of habitat suitability criteria,

conduct an inventory of mesohabitats In a stream segment,
establish a PHABSIM site,

collect channel profile data,

collect hydrographic and hydraulic data,

organize and schedule field work, and

prepare data for entry into PHABSIM.

In preparing this document, each of these subjects is initially
described in the most general or usual situation. Where special
conditions warrant special techniques, the technique is discussed in
more detail under the phase of the data collection activity (i.e., you
will not see a separate chapter on large rivers, but rather, references
in appropriate chapters on how to conduct specific measurements in large
rivers).
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Testing Transferability of Habitat
Suitability Criteria

Previous users of PHABSIM often have not considered the evaluation of
habitat suitability criteria to be an integral part of PHABSIM. We
include the subject here for a number of reasons: (1) habitat
suitability criteria are integral to PHABSIM; (2) field techniques for
testing the transferability of criteria are not detailed elsewhere; (3)
the collection of site-specific data for PHABSIM may be influenced by
the variables specified in the criteria; and most importantly (4) the
output from PHABSIM is known to be extremely sensitive to the criteria
used in the model.

Transferability is defined as the ability of a set of habitat
suitability criteria developed in one stream (the source stream) to
correctly distinguish the quality of microhabitat conditions in the
stream under investigation (the destination stream). Transferability
testing is emphasized in this chapter for three primary reasons.

First, tests of transferability are more practical than developing
criteria from scratch every time a new study is implemented. It takes
approximately one-fourth the effort to test criteria as it does to
develop them. Second, the only way to know with certainty that the
criteria are appropriate for a particular destination stream is by on-
site testing. Professional judgment and group consensus, often used in
lieu of a rigorous test of transferability, can never be as definitive
as empirical evidence. Third, it is an official policy of the Fish and
Wildlife Service (Service) to test criteria before they are used in
applications of the IFIM. |If the Service is involved in a study (even
tangentially), the official line is to test before using.

THEORY

Consider a PHABSIM site in a destination stream, divided into a
grid of equal-sized, internally homogeneous cells as shown in Fig. 5.
Because all the cells are the same size, there would be an equal
probability of finding a target species in any cell if the organism were
randomly distributed within the reach. By applying a set of HSC from a
source stream to each cell iIn the destination stream, a microhabitat
quality rating of optimal or usable, and suitable (optimal and usable
combined) or unsuitable can be assigned to each cell (Fig. 6). The site
is then sampled to determine which cells are occupied by the target
species or life stage, and which cells are not (Fig. 7).
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based on a set of habitat suitability criteria to be tested.
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Figure 7. Overlay of locations of target species to determine cell

occupancy for the grid of stream cells classified according to a set of
habitat suitability criteria being tested.

IT the criteria correctly describe the behavior of the target
organism in the destination stream, we expect two results: (1) there
should be proportionately more fish in optimal cells than in usable
cells, and (2) there should be proportionately more fish in suitable
cells than in unsuitable cells.

Sixty-five of the cells in Figure 7 were classified as optimal, 144
were classified as usable, and 79 as unsuitable. Eleven of the 65
optimal cells were occupied by the target organism, 7 of the 144 usable
cells were occupied, and 2 of the 79 unsuitable cells were occupied.
The counts of occupied and unoccupied versus optimal, usable, and
unsuitable cells are cross-classified in two chi-square contingency
tables. The first table tests the optimal versus usable classification
(Fig. 8) and the second one tests the suitable versus unsuitable
classification (Fig. 9).

Optimal Usable Total
Occupied 11 (16.9%) 7 (4.5%) 18
Unoccupied 54 147 201
Total 65 154 219

Figure 8. Contingency table format for one-sided chi-square test of
optimal versus usable classifications of microhabitat.
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Suitable Unsuitable Total
Occupied 18 (8-2%) 2 (2.5%) 20
Unoccupied 201 77 278
Total 219 79 298

Figure 9. Contingency table format for one-sided chi-square test of
suitable versus unsuitable classifications of microhabitat. The
suitable classification is defined as the combined optimal and usable
classifications.

A one-sided chi-square test
random selection of microhabitat conditions by the target organism.
test statistic T is given as:

(Conover 1971) is used to test for non-
The

7= W {ad-bc)]
[(a+B)(c+d)(a+c)(b+d)]"?
where N = the total number of cells,
a = the number of occupied optimal cells,
b = the number of occupied usable cells,
¢ = the number of unoccupied optimal cells, and
d = the number of unoccupied usable cells, (Thomas and Bovee
1993).

For a test of suitable versus unsuitable habitat suitability
classifications,
a = the number of occupied suitable cells,
the number of occupied unsuitable cells,
the number of unoccupied suitable cells,
the number of unoccupied unsuitable cells.

o O T
I

For a set of HSC to be considered transferable, the null hypotheses
(H,,:- optimal cells will be occupied in the same proportion as usable
cells and H,: suitable cells will be occupied in the same proportion as
unsuitable cells) should be rejected at the 0.05 level of significance.
Rejection of the null hypothesis at this significance level occurs if T
> 1.6449. From the data presented in Figure 7, and cross-classified in
Figures 8 and 9, T = 1.7319 for the suitable versus unsuitable test and
T = 3.046787 for the optimal versus usable test. Therefore, we reject
both null hypotheses and conclude that the criteria are transferable to
the destination stream.

Thomas and Bovee (1993) examined the effects of varying sample size
on the reliability of the transferability test procedure. A reduction
in reliability was identified by an increase in the probability of
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committing either a type I or type Il error. A type | error is

committed when a null hypothesis that should have been rejected is
accepted. Type Il errors result from rejecting a null hypothesis which
should have been accepted. Type 1 errors are considered more critical
in IFIM applications because they can result in the acceptance and use
of non-transferable criteria in a destination stream. The rejection of
criteria that are actually transferable, resulting from type Il errors,
is inconvenient but not as serious as using the wrong criteria in a
study.

Thomas and Bovee (1993) found that the probability of committing a
Type | error with this procedure was very small, regardless of sample
size, but that Type 1l errors were common with fewer than about 60
occupied and 200 unoccupied cells. The practical outcome from this
analysis was that the stream grid approach is unnecessary. Occupied and
unoccupied cells can be determined by more efficient and traditional
sampling techniques than the labor-intensive methods used by Thomas and
Bovee (1993). Furthermore, the study suggests that testing of habitat
suitability criteria can be initiated as soon as the first data become
available. If the test results are positive (both nulls rejected) with
a sample as small as 15 occupied and 100 unoccupied cells, the
probability that the criteria are correct is approximately 90%. Further
data collection would be up to the discretion of the investigator, but
the result is unlikely to change. If the criteria are correct for the
stream, additional data collection will simply reinforce their
correctness.

Small initial samples are more likely to produce negative results
that would imply that the criteria should be rejected. The incidence of
Type Il errors in the Thomas/Bovee study rose dramatically when the
number of occupied cells was less than 35. Therefore, if a negative
result is obtained with an initial sample of 20 occupied and 80
unoccupied cells, there is at least a 50/50 chance that the results will
improve with additional sampling. When negative results are still
obtained with samples in excess of about 65 occupied and 300 unoccupied
cells, however, the criteria are probably not transferable to the
destination stream. Additional sampling is not likely to make them
transferable.

I MPLEMENTATION

The greatest (perhaps only) skill involved in conducting microhabitat
observations in streams is to locate fish before they locate you.
Because fish typically orient themselves into the current, one of the
simplest tactics for avoiding detection is to sample In an upstream
direction. Fish are superbly equipped with sensory devices, however,
so no matter how stealthy you are, the fish probably are aware of your

10
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presence. Therefore, the real trick in making unbiased observations of

fish locations is to be as non-threatening as possible. Your movements
should be slow and deliberate to create as little disturbance as
possible. In preparing to conduct a transferability test, you might
want to practice your sampling technique on schools of suckers. In our
experience, if you can sneak up on a school of suckers without
triggering an underwater stampede, you can probably sneak up on anything
else.

Underwater observation by snorkeling is widely considered to be the
least intrusive technique of observing fish for habitat suitability
work. The goal in conducting underwater observations is to achieve
total coverage of the area being sampled. Sampling lanes, less than or
equal to the underwater sight distance in width, are assignhed to
individuals in a team of divers. Enough sampling lanes are established
to cover the entire width of the stream, or in some cases, a zone within
the stream. In relatively slow, shallow water, divers can use rocks and
other handholds on the streambed to pull themselves along.

In deeper and faster water, we have found the static-line and drop-
line arrangement (Fig. 10) developed by Li (1988) to work very well.
Using mountaineering ascenders (Fig. 11) to pull ourselves up the drop-
lines, we have successfully sampled areas of streams with surface
velocities in excess of 10 ft/sec. [Safety note: in some of our older
publications, you might see a diver attached to the ascender by a chest
harness and carabiner. Do not do this! We nearly drowned one of our
colleagues with this arrangement several years ago. Attach yourself to
the ascender with your hands only.]

.-'._ f.‘
Figure 10. Static/drop-line arrangement used by a team of snorkels to
observe fish locations in a deep, fast-moving water.

11
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; o
Figure 11. Diver moving against a relatively strong current with the
use of a drop-line and mountaineering ascender (visible iIn diver®s right
hand).

The dive team should move upstream slowly and deliberately, taking
care to stay in line so that a diver in one lane does not disturb fish
in a neighbor®s lane. When a target organism is observed, its location
is marked. For markers, we have used goose decoy weights attached to
numbered aluminum tags (Fig. 12). Other investigators have used
weighted buoys or floats to mark occupied locations. Data pertaining to
the marker, such as tag number, species, life stage, activity, proximity
to cover, and cover type, are recorded at each sighting. Some
investigators prefer to relay the information to a crew member on shore,
whereas others prefer to have the divers record the information on dive
slates as they make the observations. At the completion of the dive,
the crew returns to each marked location to measure its depth and
velocity (see chapter on hydrographic measurements for description of
techniques). Markers are not retrieved at this time.

12
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Figure 12. Fish location marker constructed from a goose decoy weight
attached to a numbered aluminum tag. Flagging tape is used to re-locate
tags at the end of the sampling session.

The next step in the process is to select several unoccupied
locations in the dive site for measurement. Figure 13 shows the use of
a random walk sampling design (Bovee 1986) to locate unoccupied sampling
points. The location of a sampling point along the longitudinal axis of
the stream is determined by selecting a random distance from the bottom
of the sample site (identified as a transect). A measurement point
along the transect, termed a vertical, is then selected at random. The
reason that the markers are not retrieved at the end of the dive is to
make certain that no occupied locations are included in the pool of
unoccupied locations.

Randomly selected Occupied locations
transect

Randomly selected
vertical

Figure 13. Random walk sampling design, using randomly selected
transects and verticals to obtain measurements of unoccupied cells in a
reach of stream.
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There are no firm guidelines regarding the number of unoccupied
locations to measure at each dive site, except that the same number
should be sampled at all the sites. The number of unoccupied cells
measured at a site should not be based on the number of occupied cells,
because doing so may introduce a bias into the test procedure. Some
sites may contain more Ffish because they also have an abundance of
optimal or suitable habitat. Relating the number of unoccupied cell
measurements to the number of Fish observed can result in an
overestimation of the availability of optimal or suitable cells. Such
an overestimation will result in an unrealistically low value of the
test statistic, T, which in turn, could result in a type Il error.

Despite its advantages, shorkeling is not without limitations and
biases. Restricted visibility due to turbidity is one of the most
common limitations encountered by divers. When the underwater sight
distance is less than about 4 ft, snorkeling is not a very efficient or
practical means of gathering habitat-use data. However, even when
visibility is not so severely restricted, it can be a source of bias.

IT the maximum depth of water is greater than the maximum visibility,
there will be a tendency to make more observations in shallow water.
This form of bias may be overcome by surface diving, if it can be done
with a minimum of disturbance.

Underwater observation also seems to work better for some species and
activities than for others. For example, divers can detect active fish
more readily than resting fish. The movement of an active fish tends to
alert the diver to its presence, whereas resting fish are often cryptic
and easily overlooked. For similar reasons, there is a tendency for
divers to observe large fish more immediately than small fish. [Note:
some species, nhotably the darters, have an annoying habitat of
maintaining just enough distance between themselves and a diver that
identification of the species and the actual focal point location of the
fish are questionable.]

Electrofishing has been used widely in habitat studies over the past
forty years, and its use for this purpose has been praised and
condemned. The most serious criticism of electrofishing is that it is
too disruptive and intrusive to be of value in habitat-use studies.
However, recent advancements in the use of electrofishing gear may
counteract some of these deficiencies. Bain et al. (1985) developed a
pre-positioned electrode for habitat-use investigations. The purpose of
pre-positioning the electrode is to minimize disturbance associated with
a constantly energized, moving electrical field. The anode is
positioned at a location to be sampled, left undisturbed for 10 minutes
or so, and then energized. As soon as the electrode is energized, a
team of dip-netters attack the grid, netting target organisms stunned or
immobilized within the shocking grid (Fig. 14).

14
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Figure 14_. Dip-netters searching an electrofishing grid for stunned
fish in the Deerfield River, Massachusetts. Photo courtesy of M. Bain.

The design of this electrode unit is elegant in its simplicity. A
12-gauge solid copper insulated wire, with the insulation removed at 5-
cm intervals is formed into a rectangle (other geometric shapes could
also be used as long as the area shocked remained the same) and anchored
to the streambed. Power is supplied via an AC generator on shore or
mounted in a shocking barge (Fig. 15).

Electrofishing barge used on the Platte River, Nebraska.
Note the use of a beach seine to recover stunned fish downstream from
the shocking grid. Photo courtesy of M. Bain.

Figure 15.

15
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The design illustrated by Bain et al. (1985) suggests that the
electrical circuit is completed by connecting the hot lead to one side
of the frame and the ground on the other side. In view of the
potentially damaging effects of alternating current on fish and the
heightened awareness of fisheries scientists to avoiding electrofishing
injury, we suggest the following modifications to this design. First, a
variable voltage pulsator (VVP) should be connected to the generator to
convert the electrical field from AC to pulsed DC. Second, instead of
using a single wire loop, we suggest using two parallel straight wires,
one as a cathode and the other as the anode (Fig. 16). This design will
ensure the greatest field strength between the two wires and will tend
to concentrate fish at the anode, making collection easier.

Variable voltage pulsator Generator

Figure 16. Pre—positioned electrode configurations to convert grid to
DC or pulsed DC power source.

The pre-positioned electrode eliminates some of the disturbance
associated with electrofishing, but not all of it. Fish located within
10-20 ft of the anode will undoubtedly be disturbed (but may not be
immobilized) by the electrical field. The greater source of
disturbance, however, results from people splashing around and flailing
at the water with dip nets. This disturbance is unrelated to the
delivery system for the anode, a realization that has lead to
experimentation with a mobile anode electrofishing system. The primary
advantage of the mobile anode over the pre-positioned electrode is a
substantial reduction in the amount of time involved in taking a sample.

The unique characteristic of a mobile anode system is that the anode
is thrown to a sampling location rather than being pre-positioned in it
(Fig. 17). The generator and VVP are carried in the barge, and attached
to 150-300 ft of power cord. The anode consists of a looped cable,
housed in a length of weighted PVC pipe, connected to the power cord
with a waterproof (Turnex®) connector. A three-person crew is

16
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recommended for this sampling procedure (we also recommend that

crewmembers stay in communication with one another by voice-activated
radios). [Safety note: For reasons of safety, one person should stay
at the barge to operate the 'deadman'™ switch that energizes or
deactivates the anode.] This person also records data and keeps track
of sampling locations (data recorder). A second crew member should be
responsible for delivering the anode to the predetermined sampling
location (thrower). The third crewmember acts as the dip-netter.
Generally speaking, the sequence of events involved in taking a sample
proceeds as follows:

(1) The data recorder identifies the next location to be sampled.

(2) The sampling location is approached from downstream, and the
samplers stop 20-30 ft from where the sample is to be taken.

(3) The thrower gathers and coils 20-30 ft of slack power cord, checks
the readiness of the dip-netter, and when prepared to sample, signals
the data recorder to energize the anode.

(4) The anode is energized.

(5) The anode is thrown in a high arc into the pre-selected sampling
location.

(6) As soon as the anode is in the air, the dip-netter moves to the
sampling location as quickly as possible, without compromising safety.
When properly synchronized, the anode reaches the sampling location a
second or so before the dip-netter arrives.

(7) The dip-netter retrieves any target organisms stunned by the anode.
After 10 seconds or so, the anode is deactivated.

(8) The dip-netter marks the sample location with a marker tag and
relays tag number and occupancy data (unoccupied, or species and life
stage 1T occupied) to the data recorder.
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Figure 17. Mobile electrode system used in the Huron River, Michigan to
develop habitat suitability criteria for smallmouth bass.
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Chapter 2
Whenever microhabitat use data are collected by electrofishing,

investigators must be acutely aware of the potential for bias. The
amount of bias associated with electrofishing can be minimized by: (1)
using a recognizable sampling design to avoid the tendency to sample
where you think you will find fish, and (2) spacing sample locations
sufficiently far apart so that fish are not unduly disturbed by the
previous sample. To these ends, we have used the following systematic
sampling design with considerable success.

Transects are spaced at equal intervals along the bank, separated by
a distance considered to be sufficient to minimize sampling disturbance
(Fig. 18). For noisy, high-gradient streams, 50 ft is usually far
enough, but in quiet, low-gradient streams, transects should be spaced
100-150 ft apart. Alternating sampling zones are then assigned to each
transect: Zone 1 near the right bank, Zone 3 at midstream, and Zone 5
near the left bank. Zones 2 and 4 are spaced approximately one-fourth
and three-fourths of the way across the channel. One sampling pattern,
called a "double-diamond', connects straight lines of sequential numbers
forming an overlapping diamond pattern (Fig. 18).

1
-
| |
5

4

50 - 150 ft l

Figure 18. "Double-diamond” sampling pattern designed to prevent data
bias and disturbance, using electrofishing or other potentially
disturbing sampling techniques.

Figure 19 shows another sampling pattern, called a "two-pass'", of
the site laid out in Figure 18. The barge is anchored near the center
of the reach to be sampled, and the anode is carried downstream the full
length of the power cord. On the first pass, Zones 1 and 2 are sampled
in an upstream direction. Tags are placed at each location after
sampling, and the tag number and catch (species, life stage, or "no
catch™) is recorded. After the first pass is completed, microhabitat
measurements are made at all tag locations, whether the target species
was present or absent. By making the measurements after the first pass,
fish that might have been disturbed on the opposite side of the river
will have had time to settle down and resume normal activities. On the
second pass, Zones 3, 4, and 5 are sampled, tagged, and measured. Note
that the distance between sampling zones should be about the same as the
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distance between transects. |If the transects were 50 ft apart and the

stream was less than 150 wide, some of the sampling zones (specifically
Zone 3) would be eliminated.

-}— First pass
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Second pass

Figure 19. Two-pass sampling of the reach of stream illustrated in the
double-diamond sampling design of Figure 18.

This sampling design attempts to accomplish two goals. First, a
rough balance is struck between the number of near-shore and off-shore
samples. This is necessary to achieve a fair test, especially for
species that are oriented to near-shore or mid-channel microhabitat
types. Second, an adequate distance is maintained between samples to
avoid disturbance problems. Any other sampling design that incorporates
the same features (a random walk would probably work quite well) could
be substituted.

Unfortunately, the utility of either the pre-positioned electrode or
mobile anode technique may be limited to relatively shallow water.
Boat-deployed mobile anodes have been used for many years in conjunction
with population estimates, but we are unaware of anyone who has
attempted to use a similar arrangement to test the transferability of
habitat suitability criteria. Theoretically, there is no reason to
believe that boat shocking with a mobile anode would not work. However,
we know that electrofishing efficiency drops off dramatically in more
than about 6 ft of water. Whether a sampling crew could unobtrusively
approach and sample a location while in a boat under power is unknown.

IT the target species is relatively common, and the destination
stream can be sampled efficiently, it should be possible to obtain
enough data to test transferability for a given set of habitat
suitability criteria in a week or two. However, the criteria to be
tested are often seasonal (e.g., spawning, young-of-year), so it is
advisable to reserve a full year to complete the tests for all seasonal
stratifications.

In some cases, the abundance of the target species will be so low, or
the river so difficult to sample, that the methods described in this
chapter will not be feasible. Before giving up on transferability
testing, however, other compatible approaches should be considered. For
example, could you use radiotelemetry to determine occupied locations,
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and then randomly pick some unoccupied locations to collect the data for

the contingency tables? Could you test the criteria in another stream,
similar to the one you are working on, but with a larger population of
the target species?

IT you cannot figure out how to collect the data for a ransferability
test, two alternatives should be considered. A roundtable peer-review
of the criteria might be a workable solution if a critical mass of
experts, knowledgeable about the habitat requirements of the target
species, can be assembled. However, where the species is rare and
knowledge about its habitat requirements even rarer, participants in a
study should be prepared to shut down the IFIM assembly line. Such
species are likely to be central to the stakeholders in a IFIM analysis.
This being the case, it would be a better investment of time and money
to attain a good understanding of the species™ requirements and
tolerances than to proceed blindly through the rest of an IFIM analysis.

SUMMARY

e Results from PHABSIM are extremely sensitive to the accuracy of
habitat suitability criteria used in the model. Model outcomes can
be reversed simply by using a different set of criteria.

e Because microhabitat use by a species may vary from stream to
stream, the transferability of habitat suitability criteria should be
tested in the destination stream prior to using the criteria in a
PHABSIM analysis.

e Criteria can be tested by sampling for the target species in the
destination stream, and cross-classifying occupied and unoccupied
locations in a 2 contingency table. |If the criteria correctly
describe microhabitat selection in the destination stream,
proportionately more optimal than usable locations should be
occupied. Similarly, proportionately more suitable than unsuitable
locations should be occupied.

e Whenever possible, the preferred technique for obtaining cell
occupancy data is by snorkeling. Sampling should be conducted in an
upstream direction to approach fish unobtrusively. The static/drop-
line system allows divers to sample areas of deep or fast water.

e Snorkeling observations can be biased by visibility, and the size
and activity of the fish being observed. Some species are inherently
difficult to observe by diving because of their tendency to leap-frog
ahead of the diver.

e Electrofishing can be used to gather cell occupancy data provided
that: (1) a recognizable sampling design is used, and (2) care is
taken to minimize disturbance during sampling.

20



Chapter 3
Representing the Stream Segment

The stream segment is the basic habitat accounting unit of the IFIM,

a First order subdivision of the study area. Stream segments are
relatively long sections of stream, typified by a geographically
homogeneous flow regime. The discharge at the top of a segment is about
the same as at the bottom (x10% or so). The overall channel
geomorphology (slope, sinuosity, channel pattern and structure, geology,
and land use) is also usually consistent within segment boundaries. The
flow regime, however, is the primary determinant of segments.

Within a segment, there can be several habitat-related subdivisions:
reaches, mesohabitats, and microhabitats. A reach is typically about an
order of magnitude longer than the width of the channel (commonly 10-15
channel widths), and contains many or all of the meso- and microhabitat
types present in the entire segment. A mesohabitat type usually has a
length of about the same magnitude as the width. Mesohabitat types are
commonly delineated by localized slope, channel shape, and structure.
Riffles, runs, glides, shoals, pools, pocket waters, and divided
channels are features commonly ascribed to mesohabitat types. It is
also common practice to stratify mesohabitats into even finer
subdivisions (e.g., low, medium, and high gradient riffles or shallow,
moderate, or deep pools). Microhabitats, are usually shorter than one
channel width, and represent a relatively homogeneous area of about the
size scale utilized by an individual fish. Tree-snags, undercut banks,
the tail-outs of pools, mid-channel gravel bars, and velocity shelters
behind boulders are all examples of channel sub-units at the
microhabitat scale.

This chapter discusses sampling strategies that can be used to define
and determine the proportions of mesohabitat types, so that all of the
measured channel units collectively represent the segment. The next
chapter discusses how to sample microhabitats within a channel unit such
that the mesohabitat type is accurately represented.

SAMPLING STRATEGIES

Over the past fifteen years, two very different strategies have
evolved for the representation of a segment: representative reaches and
mesohabitat typing (habitat mapping). A representative reach is
approximately 10-15 channel widths in length, and assumed to contain
essentially all of the mesohabitat types of the segment. The proportions
of the mesohabitat types in the representative reach are also assumed to
be the same as their proportions in the segment. Mesohabitat typing
involves the definition and explicit inventory of the proportions of
mesohabitats in a segment (Morhardt et al. 1983). This approach was
developed when investigators tried to establish representative reaches
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in streams where mesohabitat types appeared to occur randomly and

inconsistently throughout the segment. The haphazard arrangement and
proportioning of mesohabitat types in these streams lead Morhardt et al.
(1983) to question the validity of the representative reach in these
streams.

Representative Reaches

The underlying premise of the representative reach is that
mesohabitat types (i.e., riffles and pools at the simplest level of
resolution) tend to occur in a somewhat repetitive pattern. This
concept was derived from Leopold et al. (1964) who noted that riffles
tend to be spaced about 7-10 channel widths apart in alluvial streams.
The reasoning behind the representative reach was that each major
mesohabitat type should be represented at least once in a relatively
long reach of stream (e.g., 10-15 channel widths). Because of the
repetitive nature of alluvial channels, the assumption that all (or at
least most) of the segment"s mesohabitat types could be represented in a
single reach was not so far-fetched. Likewise, the assumption of
similar proportionalities between the representative reach and the
segment was supported by the uniformity of spacing suggested by Leopold
et al. (1964).
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River, near LaPorte, Colorado.

A surprising number and variety of streams in the United States actually
conform fairly well to the explicit criteria of the representative
reach. Figure 20 shows a portion of an alluvial section of the Cache la
Poudre River, near LaPorte, Colorado. The spacing of riffles and pools
is remarkably similar throughout this section of river. Where such
repetition and regularity in mesohabitat distribution is exhibited, the
representative reach approach is preferred over mesohabitat typing
because the proportions of the various mesohabitat types can be measured
directly. Generally speaking, the criteria for a representative reach
will be best met in alluvial streams. However, representative reaches
may not be the best way to describe all alluvial streams, but may be
valid in some reaches of bedrock-controlled or colluvial channels.

Bovee (1982) discussed three different techniques for selecting a
representative reach: systematic, random, and stratified-random
sampling. All three of these surveying techniques require a topographic
map of the segment. Systematic sampling is the easiest approach, and is
recommended for segments exhibiting a gradation in slope or channel
shape from the top of the segment to the bottom. The segment is divided
into thirds (Fig. 21) and two representative reaches are established at
the division points.
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Figure 21. Determination of the locations of representative reaches by
systematic sampling in a segment exhibiting a uniform change in gradient
from top to bottom.

A representative reach can be selected at random in the following
manner. First, determine the average channel (bank-to-bank) width and
multiply by a factor of 10 to 15. A factor of 10-12 is recommended for
simple riffle-pool sequences (e.g., Fig. 20), and a factor of 12-15 is
recommended for meandering or divided channels. The channel width times
its appropriate multiplier equals the approximate length of a
representative reach. On a topographic map, locate the segment and mark
off and number candidate reach lengths between segment boundaries (Fig.
22). Reaches containing bridge crossings or channelized sections should
be eliminated from the sampling population, unless they are
characteristic of much of the segment. Using a random number generator,
select four to six candidate reaches for further inspection.
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Figure 22. Selection of a candidate representative reach by random
sampling. Each candidate reach is 10 times the channel width. The
small "wheel-of-fortune" represents a random number generator.

Under the stratified-random sampling strategy (also known as
explicit zonation) the segment is essentially subdivided into two or
more smaller segments. Such stratification may be appropriate if a
segment was defined exclusively on the basis of flow regime, but an
abrupt change in channel pattern and structure occurs midway through a
segment. In reality, the stratification establishes two segments
instead of one, ensuring that measurements will be taken in both channel
types. This outcome is not guaranteed by pure random sampling. Once
the new strata have been defined, representative reaches are selected
systematically or randomly from the two new segments according to the
procedures discussed previously.

Prior to about 1982, representative reaches were often chosen
more on the basis of access and logistics than by the representativeness
of the site. Whether systematic, random, or stratified-random, a
sampling procedure of some sort forces the investigator to seriously
evaluate the representativeness of potential study sites. After
selecting four to six candidate reaches, the investigator should
visually inspect all of them. |If they are all very similar, a
representative reach can be established where access is easiest (and
landowner permission is granted). However, if there are differences
among reaches that are apparent from a visual inspection, it may be
necessary to conduct measurements in two or three of them. |If they are
sufficiently different to justify using all six candidate sites, perhaps
you should consider mesohabitat typing.

25



_ _ Chapter 3
Mesohabitat Typing

Mesohabitat typing may actually be an extreme example of the
stratified-random sampling approach for selecting a representative
reach. Under the paradigm of habitat mapping, as developed by Morhardt
et al. (1983), the mesohabitat becomes the unit of stratification. The
principles of mesohabitat typing are summarized as:

(€D mesohabitat types are defined for the stream under investigation.
(@)) an on-site inventory is conducted to determine the proportion of
the segment represented by each mesohabitat type.

(€)) transects are established to represent the mesohabitat type rather
than the segment.

(€&)) transects in each mesohabitat type are weighted according to the
proportion of the mesohabitat type in the segment.

5) the segment is represented by all of the transects from all of the
mesohabitat types, combined into a single data set (see "Preparing for
Data Entry').

Classifying Mesohabitat Types

Mesohabitat typing has achieved a high level of popularity and
support over the past 10 years or so. Unfortunately, defining and
identifying different mesohabitat types is often easier said than done.
[Note: Defining mesohabitat types will immediately distinguish between
the lumpers and the splitters on your crew. The lumpers will typically
describe three mesohabitat types: riffles, pools, and miscellaneous.
Serious splitters may not find two of any type in the entire segment.]

Numerous habitat classification systems (Fig. 23) are available
for use iIn mesohabitat typing (Pennak 1979; Cobb and Clark 1981; Bisson
et al. 1982; Frissell et al. 1986; McCain et al. 1989; Hawkins et al.
1993). With regard to habitat classifications, Balon (1982)
appropriately stated that the nomenclature of a science is not as
important as clearly understood definitions of terms. In other words,
it should not matter how mesohabitats are named in a particular study,
as long as the definitions are unequivocal and adhered to religiously.
In fact, it might be advisable to name habitat types by letters of the
alphabet or by colors, simply to avoid preconceptions and biases that
investigators might bring along from previous studies. Habitat
classification systems should be used as models, rather than as
absolutes, and the definitions should be tailored to your own
application.

Whatever the definitions, you should conduct a "dry-run"™ on the
segment before conducting the mesohabitat inventory. It is almost
inevitable that the classification system will contain ambiguities or
vagueness when you try to apply it in the field. You might also
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encounter habitat types that are not described at all. It is better to

discover and rectify these weaknesses before the inventory is conducted.
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Figure 23. Hierarchical habitat-type classification systems: (a) from
Hawkins et al. (1993), (b) from Frissell et al. (1986), (c) from Thomas
and Bovee (1993). (The abbreviation CGU refers to "Channel Geomorphic
Unit,"” which is equivalent to mesohabitat types as used iIn this
manuscript).

Conducting Mesohabitat Inventories

Mesohabitat inventories are conducted to determine the proportion
of each mesohabitat type in a segment. Surveys can be conducted in
several different ways, depending on the size and number of segments to
be inventoried. Total-coverage surveys, which inventory all the
mesohabitat types in a segment, are usually conducted in segments less
than five miles in total length. Random-sample surveys are typically
conducted in segments ranging from five to about 25 miles in length.
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For segments longer than 25 miles, a stratified-random survey might be

warranted.

In addition to differences in sampling design, different methods
can be used to determine proportions in a segment or a sample thereof.
Using the cumulative-lengths approach (Fig. 24), the length of each
mesohabitat type is measured with a tape, hip-chain, range finder, or
other distance-measuring device. The proportion of a particular
mesohabitat type in a segment is calculated as the cumulative length of
all like mesohabitat types, divided by the total length of the segment
that was surveyed.

Cumulative length Proportion
1,360 0.267
1,037 0.203
814 0.160
1,000 0.196
i 830 0.174
Total 5,101 1.000

Figure 24. Cumulative-lengths approach for determining the proportions
of different mesohabitat types in a sampled portion of a segment.

Although the cumulative-lengths approach is most commonly
implemented by walking and chaining distances, we have used a similar
technique by floating the study area in a canoe (Bovee et al. 1994). We
marked each break from one mesohabitat type to another on a 7% minute
U.S. Geological Survey (U.S.G.S.) quadrangle map, and later used a map
wheel to determine the lengths of each mesohabitat unit. By extension,
the same approach could be used with aerial photographs or airborne
videography, provided that you can determine the scale and you can
identify mesohabitat units from the air.

The cumulative-frequency approach (Fig. 25) is based on a
systematic or random sampling design. Rather than measuring the length
of each mesohabitat unit, the investigator makes an observation of the
mesohabitat type present at pre-determined intervals along the stream.
The number of "hits"™ iIn each mesohabitat unit is tallied, and divided by
the total number of observations in the segment or sample to obtain
proportions. Generally speaking, this approach is slightly less
accurate than the cumulative-lengths method, but it is considerably
quicker and easier.
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Observation locations

Mesohabitat type Cumulative frequency Proportion
21 0.250
17 0.202
14 0.167
17 0.202
156 0.179
84 1.000

Figure 25. Cumulate-frequency approach for determining the proportions
of different mesohabitat types in a sampled portion of a segment.

Systematic sampling, using the same number of paces along the
streambank between observations, is a convenient way to conduct a
cumulative-frequency inventory. A good rule of thumb is to use a
pacing interval approximately equal to the bank-to-bank width of the
channel. For most streams, this will give you 5-10 observation points
between mesohabitat types.

The cumulative-frequency method can also be used in conjunction
with aerial photographs or airborne videography, with the same caveats
pertaining to the cumulative-lengths method. This iIs not such a good
technique to implement from a canoe or drift boat, because the distance
traveled during a constant interval of time will change as a function of
the velocity of the stream. However, if airborne videography can be
used on a stream, you can systematically sample the videotape. Each
frame of videotape is time-coded, which means that you can specify a
time interval (e.g., 30.00 seconds), stop the tape at the appropriate
frame, identify the mesohabitat type, and tally just as you would if you
had walked the banks. This is an extremely efficient way to inventory
mesohabitats over long distances.

SUMMARY

e Segments are represented by a hierarchy of subdivision units.
Reaches are large subdivisions, typically 10-15 channel widths in
length. Mesohabitats are short sections of stream having unique and
identifiable characteristics that distinguish them from other
mesohabitat types. Microhabitats are less than a channel width in
length and are distinguished by relatively homogeneous conditions of
depth, velocity, substrate, and cover.

e Microhabitat measurements are made along transects, which represent
mesohabitat types. Collectively, all the mesohabitat types represent
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the segment.

A representative reach is defined as a subunit of the segment,
approximately 10-15 channel widths in length, and containing
essentially all of the mesohabitat types of the segment. The
proportions of the mesohabitat types in the representative reach are
also assumed to be the same as their proportions in the segment.

The use of representative reaches to describe a segment is most
appropriate in streams that exhibit a cyclic and regular repetition
of mesohabitat types.

Mesohabitat typing, or habitat mapping, is an alternative to
representative reaches, and is most appropriate in streams exhibiting
a random and irregular distribution of mesohabitat types.

Mesohabitat typing consists of a two-step process of defining
mesohabitat types and conducting an inventory to determine the
proportions of the various types of mesohabitats in the segment.

Widely-accepted, standardized stream habitat classification systems
do not exist, although several existing systems can be used as
models. Consistency in definitions is considered to be more
important than the actual terminology or nomenclature used in
developing a classification system.

Mesohabitat inventories are conducted using the cumulative-lengths or
cumulative frequency method. The cumulative-frequency method is
generally quicker and easier, but slightly less accurate than the
cumulative-lengths method. Both methods can be applied remotely
(i.e., from aerial photography or videography) provided that
mesohabitat types can be identified, and the data are at a constant,
definable, scale.
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Establishing PHABSIM Sites

A geographical hierarchy is used to represent a study area in
PHABSIM (Fig. 26). In the previous chapter, we discussed how a study
area is represented by one or more segments, and that each segment is
described by one or more representative reaches or mesohabitat types.
Representative reaches and mesohabitat types are represented by PHABSIM
study sites. Study sites are divided up into longitudinal stream cells
and transects. Transects are subdivided by lateral stream cells and

verticals.

Study ___ Transects

Mesohabitat site & cells

type Study —_ Transects

— Segment — site & cells
Study —_ Transects

Mesohabltat site & cells

Study ___ Transects

site & cells
Study — Transects

Representative } site & cells

Study
area |

reach Study — Transects

site & cells

— Segment —]

Study — Transects

Representative site & cells

reach

Study __ Transects
site & cells

Figure 26. Hierarchy of geographical subdivisions used in the IFIM to
represent a study area.

A PHABSIM study site is a self-contained microhabitat simulation
unit, whether it describes a representative reach or an individual
mesohabitat type. Representative reaches and mesohabitat types can be
somewhat vague and abstract concepts, but the properties of a PHABSIM
site are concrete. PHABSIM sites have upper and lower boundaries to
define where they begin and where they end. Transects are permanently
located for the duration of the study and any litigation that might
follow. Elevations within the site are all connected to a common

reference elevation.
This chapter discusses how to establish a PHABSIM site to describe
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a representative reach or mesohabitat type. The procedures for setting

up a site are virtually the same, regardless of what mesohabitat type
you are interested in describing:

(1) Upper and lower site boundaries are delineated,

(2) the site is subdivided longitudinally by streams cells and
transects,

(3) horizontal control is established, and

(4) vertical control is established.

UPPER AND LOWER SITE BOUNDARIES

One of the conventions of PHABSIM is that all simulations proceed
in an upstream direction. According to this convention, the site starts
at its lower boundary and ends at its upper boundary. Generally
speaking, the location of the lower site boundary is a more critical
consideration than the placement of the upper boundary.

Hydraulic simulation models are used extensively in PHABSIM. The
foremost constraint of these models is that the water surface elevation
at the first transect must be known for any discharge to be simulated,
or you must be able to predict the water surface elevation accurately.
These conditions are best met at features of channels known as hydraulic
controls, A hydraulic control can be thought of as a constriction in
the channel, either horizontally or vertically. The constriction causes
a reduction in cross-sectional area, which creates a bottleneck to
stream flow. Effectively, water piles up at the bottleneck, resulting
in a backwater effect in the upstream direction.

The crest of a riffle is one of the most common types of vertical
constriction encountered in natural streams. In a meandering stream,
the riffle often forms as a crossing-bar in the straight section between
meander bends. Where channels are divided by a depositional island,
there will usually be a V-shaped control that converges at the head of
the island. Other types of vertical constrictions include submerged
logs, bedrock outcroppings, log jams, boulder fields, beaver dams, and
weilrs. Vertical constrictions are often most effective as hydraulic
controls at low-to-moderate discharges.

It is noteworthy that transects for hydraulic controls are a
requirement for hydraulic simulation models only. Microhabitat
simulations may or may not include transects for hydraulic controls. In
representative reaches, it is common to treat hydraulic controls as part
of the microhabitat mosaic; controls are often excluded when the
mesohabitat typing approach is used.

Horizontal constrictions are often more effective as hydraulic
controls at high discharges. Just as it is hard to detect the presence
of a riffle during a flood, it may be difficult to locate channel
constrictions at low flows. However, you should be alert to any feature
that causes an abrupt narrowing in the channel. Bedrock outcrops and
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knickpoints are often obvious places where the channel suddenly becomes

more narrow. However, the same effect can be caused much more subtly by
point bars, tree snags, or encroaching riparian vegetation.

An important, and often frustrating, aspect of a hydraulic control
is that the dominance of the control can shift with changing discharge.
This phenomenon is called a variable backwater effect, and is especially
common in low gradient streams. At low flow, the hydraulic control may
be the crest of a riffle, located conveniently near where the study site
begins. At high flow, however, the control might be an abandoned mill
dam, a mile downstream from the study site. In this situation, the
lower site boundary would normally be placed at the riffle. An
additional transect would then be tied in to the site at the mill dam,
unless the logistics for doing so become overwhelming. [If the lower
hydraulic control cannot be incorporated into the data for the site, the
next best alternative is to measure a few extra water surface elevations
at the high flows. As long as you can determine the water surface at
the first transect at our site, it does not matter how you get it.
Anticipating variable backwaters, however, iIs an important step in
ensuring that you get water surface elevations one way or another.

You will normally have a little lee-way in the selection of
PHABSIM study sites, so in addition to accessibility, you should also
consider the characteristics of the hydraulic control at the site. As a
general guideline, it is advantageous if the hydraulic control is well-
defined, stable, and most importantly, straight and perpendicular to the
channel. Remember, you will be measuring across the stream along a
straight-line transect. If the control is diagonal to the channel, the
transect must also be placed diagonal to the channel. Some controls are
horseshoe-shaped, which makes i1t nearly impossible to follow the
transect and the control simultaneously. The quality of the control is
not the sole deciding factor in selecting one site over another, but if
two sites are otherwise nearly identical, pick the one with the best
hydraulic control.

The upper boundary to the study site should be placed where the
mesohabitat type or the representative reach ends. This is a more
subjective and less critical decision than the location and
characteristics of the downstream control. In most mesohabitat types,
it will be fairly obvious where the upstream boundary should go. In
representative reaches, Bovee (1982) recommended the inclusion of two
full riffle-pool (or meander bend-crossing bar) sequences. |If the first
transect is at the top of the first riffle, the last transect should be
at the top of the second riffle.

LAYING OUT THE SITE

According to the geographical hierarchy illustrated in Figure 26,
the site represents one or more mesohabitat types that describe a
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segment. In turn, a site is depicted by a series of longitudinal cells

that are represented by transects. The paradigm of the geographical
hierarchy is valuable in making sense out of site layout, because it is
important to remember what you are trying to do. If the site is
described in too much detail (e.g., with too many cells and transects),
it may be infeasible to measure replicate sites. Consequently, the site
may be described very well, but the mesohabitat type represented poorly.
However, if the site is described in too little detail, Important
microhabitats will be missed and the mesohabitat type will not be well-
represented. It may not matter how many replicates are taken, if the
biologically important microhabitat areas are not included in a site
description.

Some investigators approach site layout as though they were
measuring the microhabitat for an individual species. This approach may
be somewhat misleading because it is unlikely that the microhabitat
requirements of all of the life stages of all of the species to be
analyzed are well-known. Consequently, the site will be described for
the species and life stage the investigator knows the most about.

In reality, when we describe a PHABSIM site, we should really
describe the river. It iIs just as important to quantify what is not
microhabitat as it is to quantify what is microhabitat for the species
under investigation. Stratified-random sampling is well suited for
establishing PHABSIM sites, because discrete areas of microhabitat can
be designated as sampling strata. In the jargon of PHABSIM, a discrete
area of microhabitat is defined as a longitudinal stream cell. 1If cells
are so defined, it should not matter where the transect is placed in the
cell. For convenience, | usually put the transect in the middle of the
cell, but purists are free to select the transect location at random if
they wish.

The real trick to the placement of stream cells is to locate them
according to the most random microhabitat variable in the stream. Most
of the time, this variable is cover. |If stream cells are set up to
describe the distribution of cover objects, you will probably describe
the distributions of depths, velocities, and substrate types quite
adequately. Figure 27 illustrates this approach to the placement of
stream cells. Stream cell 1 was placed to describe a large tree snag
along the bank. Stream cell 2 incorporates an undercut bank, a scour
pool on the outside of the meander bend, and a gravel bar on the inside
of the bend. Stream cell 3 is homogeneous in that it contains no cover
at all. The only noteworthy habitat feature within cell 3 is the
continuation of the gravel bar from cell 2. A random scattering of
boulders typifies cell 4.

Arguably, the site depicted in Figure 27 could have been
subdivided differently. For example, stream cell 1 might be subdivided
at the end of the gravel bar, so that one cell contained a gravel bar
and the other did not. The boundary between stream cells 3 and 4 might
be moved downstream (or another small cell added) so that all of cell 3
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contained a portion of the gravel bar. What typically happens during

site layout is that non-homogeneous components, such as the gravel bar,
will occur in some of the cells. Unfortunately, there are only two ways
to deal with non-homogeneity within a cell: either subdivide the cell
or compromise the non-homogeneity (if a transect is placed in the middle
of cell 1, i1t will capture some of the gravel bar, but not all of iIt).
Remember the paradigm! If you describe the site too well, you may not
describe the mesohabitat type very well at all.

Undercut bank

Boulfder
field

Figure 27. Establishment of cell boundaries according to the
distribution of various cover types (including no cover) in a PHABSIM
study site.

Other problems in cell definition can arise in sites where cover
is essentially non-existent, or where it is broadly distributed. In
sites without appreciable cover, the depth distribution is probably the
easiest feature on which to define cells. You can usually identify
three cells in a pool, for example: the tail-out at the bottom, the
belly (deepest portion), and the head at the top. |ITf the site is
totally featureless, having no cover and a uniform depth distribution,
then the entire site can be treated as a single cell.

IT there is a tendency to define sites without cover with very few
cells, the opposite can occur in sites with abundant cover. Among the
most complex of these sites are mesohabitat types we classify as pocket
waters, which are essentially low gradient riffles with an abundance of
large boulders scattered randomly throughout. Scour pools and low-
velocity pockets form around individual boulders, providing an extremely
patchy, heterogeneous environment. Generally speaking, It takes three
cells to describe the microhabitat surrounding a single boulder, one in
front, one in back, and one over the top. Describing each individual
boulder in a pocket water is impractical, if not impossible.
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Fortunately, from the perspective of cell definition, the presence of

abundant and widely distributed cover is equivalent to the no-cover
scenario. No matter where a transect is placed, it will go in front of
some boulders, in back of others, over the tops of some, and will
traverse parts of the channel where there are no boulders.

IT sites are established with random or systematically-placed
transects, each transect is a sample and represents 1/n of the site,
where n is the number of transects. In contrast, each cell (and
transect) represents a portion of the site equal to the ratio between
the cell length and the site length, when cells are established by
stratification (Fig. 27). This is an important distinction in preparing
a PHABSIM site. For sites established with random or systematically-
placed transects, it is unnecessary to place cell boundaries or measure
the lengths of individual cells. In contrast, sites that are stratified
into cells require placement of cell boundaries and measurements of both
cell lengths and distances between transects.

So Many Transects, So Little Time

One of the most frequent technical assistance requests we receive
is for help in scoping out budgets and time schedules for study plans.
Inevitably, the question arises, '"So, how many transects do I need and
how should 1 put them in?" Our stock answer of "That depends,' while
true, is not very satisfying to people who are trying to determine a
reasonable scope of work and a budget. The question of "how many
transects™ is tricky. How many transects to do what? If your goal is
to ascertain the precise distribution of every combination of
microhabitats within a mesohabitat type, you will need many transects.
However, a more reasonable goal might be to reproduce with a few
transects, the WUA-discharge relationship that you would have obtained
using many transects. To this end, a simple sensitivity analysis was
conducted on a pocket water mesohabitat type in the Cache la Poudre
River in Colorado. As part of another study (Thomas and Bovee 1993), we
had placed 20 uniformly-spaced transects in a 200 ft study site. A
discharge versus weighted usable area function was developed for adult
rainbow trout, using all 20 transects. The WUA-discharge function for
the pocket water, developed from all of the transects in the site was
considered to be the best estimate of the true WUA-discharge function
for the site. For the first experiment, | selected five transects at
random to compare results with those obtained using 20 transects (Fig.
28 a). The WUA functions for some of the individual transects (1, 6,
and 10) were quite similar to the one for all transects, but two of the
transects (16 and 19) were very different. |1 used five different draws
of 3-transect combinations for the second experiment (Fig. 28 b). The
first three draws were random combinations, whereas the second two were
systematic. The results using a combination of three transects were
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similar to the results using all the transects, and the sampling

strategy (random vs. systematic) did not seem to make much difference.

I repeated experiment 2 with random and systematic combinations of
five transects (Fig. 28 c), which resulted in slightly greater
similarities among the combinations. Experiment 4 (Fig. 28 d) consisted
of taking 3- and 5-transect combinations in clusters from the bottom,
middle, and top of the study site, to replicate what can sometimes
happen with random sampling. In this particular mesohabitat site, the
results from the two clusters in the middle (both the 3-transect and 5-
transect) were fairly close to those obtained from all transects. WUA
was overestimated from the downstream clusters and underestimated from
those near the top of the site. [Note: With the exception of
experiment 4, each of these experiments was repeated 500 times. The
results given here are representative of the collective experiments.]
These results may not be universal, but from my experiences with pocket
waters, they are probably representative. The sensitivity analysis
suggests that a pocket water mesohabitat type can be accurately
described with three to five transects. Transect locations can be
picked randomly or systematically, but care should be taken to avoid
clustering transects at one end of the mesohabitat site or the other.

ESTABLISHING HORIZONTAL CONTROL

Horizontal control means that relative the locations of transects
and cell boundaries are known. In the simplest sense, horizontal
control is determined by the lengths of individual stream cells and the
distances between transects. For a variety of reasons, however, it is
often necessary to determine the actual positions of cell boundaries and
transects relative to one another. The most common medium for depicting
the relative positions of site subdivisions is on a scale planimetric
map of the site.

Cell boundaries are generally more transient than transects. This
is because transects are revisited often during a study, but cell
boundaries are usually measured only one time. Once the various lengths
of the cells have been determined and associated with a transect, cell
boundaries are essentially disposable. These differences in longevity
are reflected in the way the two types of site subdivisions are marked.
Cell boundaries are usually delineated simply by tying flagging tape in
the vegetation along the channel margin. Transects are usually marked
by headpins and tailpins, pieces of permanently marked rebar or fence
posts. |If extreme longevity is desired in a site, transects may be
marked by a concrete monument.

Although it might seem elementary, one of the most important
procedures in setting up a site is to number cell boundaries and
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transects as they are established. This is best accomplished with a

crew of at least two people, one on each bank and both in constant
communication with one another. When a headpin is driven in on one side
of the river, it is crucial for it to have a mate on the other side.
Flagging and numbering pins as you go will save you from ending up with
20 pins on one side of the river and 18 on the other side. [Note: |IFf
several transects connect to a common pin, such as at the inside of a
meander bend, mark the pin with the numbers of all shared transects.]
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Figure 28. Sensitivity of PHABSIM to transect density and sampling
strategies in a complex 'pocket water' mesohabitat type. Results
compare WUA vs. discharge functions for adult rainbow trout, using 20
transects with results from: (a) individual, randomly selected
transects; (b) random and systematically selected groups of three
transects; (c¢) random and systematically selected groups of five
transects; and (d) three and five transects, clustered at the bottom,
middle, and top of the site.

The degree to which horizontal control is maintained is highly
discretionary among principal investigators. The only horizontally-
related data required by PHABSIM is the distance between transects and
the relative lengths of the cells associated with each transect.

Drawing a scale planimetric map can be time-consuming, and is not
strictly needed for any of the PHABSIM models. However, there are other
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reasons for establishing horizontal control more formally than simply

measuring distances between transects. First, PHABSIM sites are
sometimes vulnerable to vandalism. If you have a good map of your site,
you can reconstruct every transect and cell boundary if only two pins
remain undisturbed in the site. Second, cell lengths and distances
between transects in some streams can be determined more accurately (and
more easily) from a map than from direct measurements in the channel.
Third, high quality site maps are often useful figures to be included in
reports and professional papers.

Direct Measurements of Cell and Inter-transect Lengths

The simplest data requirements for PHABSIM involve the distances
between transects, and the lengths of stream represented by each
longitudinal stream cell. These measurements are usually relatively
easy to make in small streams, where the distances between cell
boundaries or transects are small enough to be measured with a tape.
Generally, this restriction applies to streams where cell boundaries and
transects are less than 300 ft apart. |If the line-of-sight between
transects is relatively unobstructed, it may be possible to use an
electronic distance meter (EDM) to measure distances up to a mile or so.
IT the cell lengths and inter-transect distances are greater than 300 ft
or the unrestricted line-of-sight is less than 300 ft, you should
probably consider mapping the site.

Data for Site Mapping

The procedures for developing a site map are based on the
principle of triangulation, whereby the location of an unknown point is
determined using the unknown point and two known points as vertices of a
triangle (Fig. 29). |IT the locations of two points are known, the
location of a third point can be determined by: (1) measuring the
angles between the two known points and the third point, (2) measuring
the lengths of arcs between the two known points and the third point, or
(3) measuring an angle and an arc length from one of the known points to
the third point. Although the first method is as acceptable as the
other two methods, we tend to use methods 2 and 3 most often in site
mapping -

In the vernacular of PHABSIM, the measurement of arcs from two
known points to an unknown point (method 2) is called the diagonals
method. The measurement of an angle and an arc length from a known
point (method 3) is called the range and bearing method. It is
noteworthy that all three methods are interchangeable in a site survey.
Use the method that is the quickest and easiest for a particular
measurement.
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A - B

Figure 29. Methods of triangulating the position of an unknown point
from two known points: (1) measuring angles ABC and BAC, (2) measuring
sides a and b, (3) and measuring one angle and one side, such as angle
ABC and side a.

Diagonals Method: A diagonal is defined as the cross-channel distance
to a headpin on one transect to the tailpin on another (or from a
transect to a cell boundary, Figure 30). For the purposes of
triangulation, one of the distances could be from headpin to tailpin on

the same transect with no appreciable loss in accuracy.

R
ﬁ&%ﬁﬁ%%% G

’ Hn-ckaek. Seg L, Shallow Puel 1
Horizontal surver notes, 4/28/ 92

From | to | Bearing | US| L8

Bl | IR | laged

_ B AR | taped

2R L tapjed

oL | L Laged
2R | UCBLR 425 384 41
oL | CBLR taped 71
°R | LcmelL | i54 | apa | 71
| IR | UL tabed 60
2R | AL taped 89
oL | a1 taped a2
BM1 4R taped flr
2L ar taped &y
ZR | UBZL taged 71
AR | UL taped &9
2L | I'E2R taped T
aL | uoeR ol 85

Figure 30. Site map and example field notes for horizontal control
established by diagonals.

One important point to remember about diagonals is that you must
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have two independent distance measurements to every pin or cell boundary

in the site. This can get a little complicated sometimes, so it is
helpful to set up your Field book like the example shown in Figure 30.
In this example, all of the measurements to a pin (e.g., 1L, 3R) or cell
boundary (e.g., UCB2R) are written as pairs. The measurements do not
necessarily have to be taken in this order, but by pairing them, you can
substantially cut down the chances of missing a measurement. This is
critical, because if you lose a point that is a reference to other
points on your map, the map cannot be completed.

You may notice the column headings U.S. and L.S. on the example
field book in Figure 30. These data refer to upper stadia and lower
stadia, a handy alternative method for measuring distances. A tape
often becomes impractical when diagonals are over about 150 ft long, or
traverse through a lot of brush. Stadia measurements are made using a
surveyor®s level and a level rod. Most surveying levels are equipped
with two small horizontal cross hairs, above and below the main
horizontal cross hair (Fig. 31). The distance between the telescope and
the rod is found by subtracting the lower stadia reading from the upper
reading and multiplying by a stadia constant (usually 100). Stadia
measurements are only accurate to about the nearest foot, but that is
usually close enough for the types of distances measured during a
horizontal survey.

Upper .
stadia — » —
(5.86)

Lower
stadia
(5.48)

!

T T T II

o O 9N OO ©

Figure 31. View of the stadia hairs through a level, on a level rod 38
feet away from the telescope. The distance between the telescope and
the rod is found by subtracting the lower stadia reading (5.48) from the
upper (5.86) and multiplying by 100.
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When using stadia, be sure that the level and the rod are in the

same units of measurement. Most levels and rods in the United States
are in English units (feet and hundredths). Occasionally, however, you
will run across a metric level or a metric rod, which work well as long
as both are in the same measurement. Strange results will transpire if
a metric level is used with an English rod, or vice versa. They will
work together, but you will have to derive your own stadia constant.
[Note: the stadia markers in a metric level are much closer to the
central cross-hair than in an English level. You should be able to tell
the difference between metric and English rods without much difficulty.]

Range and Bearing Method: As the name suggests, the range and bearing
method is based on a measured angle and a distance from a known point to
determine the location of an unknown point. The use of a surveying
instrument capable of measuring horizontal angles is essential for this
method. Transits, plane-tables, theodolites, and total stations are
specifically designed for measuring horizontal angles. These
instruments come equipped with a 360 compass dial (either analog or
digital) that can be locked onto a zero or true North bearing.
Subsequent angle measurements can be made with extremely high accuracy
(for some of the new electronic instruments, angles are accurate to the
nearest 3seconds). Generally speaking, levels are not very accurate
instruments for measuring horizontal angles. In fact, many levels are
even not equipped with a compass dial. Those that do have compass dials
are usually accurate only to about % degree, and sometimes the dials
cannot be locked down.

The basic procedure for surveying a site by range and bearing is
illustrated in Figure 32. Perhaps the easiest way to describe this
technique is to imagine the site as a huge piece of graph paper. The
surveying instrument is equivalent to a 360 protractor, and the stadia
and taping equipment are the same as rulers. The first step in using a
protractor is to center it over a point, and line up the 0 reference
line with another point on the paper. This initial alignment is known
as the zero azimuth. In Figure 32, the instrument was set up over
station 2R (center of protractor) and sighted to BM 1. When BM 1 was
lined up in the cross-hairs of the instrument, the zero azimuth was set
by turning the compass dial to O . The distance between BM 1 and
station 2R (40 ft) was subsequently measured with a tape, and entered on
the first line in the field notes along with the zero azimuth.

The first sighting in Figure 32 that is not obscured by the sample
field book is from station 2R to station 2L (about mid-way down the
page). When this shot was taken, the rod operator placed the leveling
rod on top of the pin for station 2L. Without changing the position of
the compass dial (i.e., without changing the zero bearing), the level
operator swiveled the instrument around until the cross-hairs again
lined up with the rod. A new azimuth (176 ) was read from the compass
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dial and entered on the data line "From 2R To 2L." The distance between

station 2R and station 2L was determined by stadia.

e i Rock Creek, Seg 1, Shallow Pool 1

B N[ 1 Horizontal survey notes, 4/26/ 02
From | to | PBearing | US | L&

e 2R | BM1 ] Laped
- ; 2R | IR | 100 | 543 | 474 | 68
. 2R | IL | 142 | 577 | 493 | 04

- i..iJCH3 3R i ZR | UBIR| 100 taped e

2R |ooBiL| 150 | 425 | 495 | 70

e 2R 2R | 2L | 178 | 478 | 643 | 65
31—) 2R | URL| 214 | 464 | 383 | 71
% e M 2R | pmer| 257 taped a7
/ : - 2R | gr | 278 | 423 [a77 [ 48
i 4 . : 2R [ 8L | 238 | 388 | 200] a9
/ % s - L | 2m 0 ;
y g - { IL |uemL | 27 Laped 40
i ¥ / 3 3L JumRr | 311 | 408 | 334 | 74

= ucB 2L B <L

iy

Figure 32. Site map and example Ffield notes for a horizontal site
survey conducted using the range and bearing method.

The center of the protractor remained at station 2R for a number
of readings: to both upper cell boundaries for cell 2 and to the head-
and tailpins for transect 3. However, it was necessary to move the
instrument to complete the measurements to the upper cell boundaries for
cell 3. At the left side of Figure 32, notice the new instrument
position indicated at station 3L, and the double line between stations
2R and 3L. The dotted line from station 2R to 3L indicates the original
range and bearing measured from station 2R to station 3L. The solid
line from station 3L back to 2R is used to establish a new zero-bearing.
Essentially, we have centered the protractor over a new point and have
lined up the 0 reference with another known point on the drawing. Once
a new zero bearing was established, ranges and bearings to UCB 3R and
UCB 3L were measured from station 3L.

ESTABLISHING VERTICAL CONTROL

A "'computer picture" of the cross-section for each transect must
be developed for PHABSIM®"s hydraulic models. This picture is generated
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as a series of x and y coordinate pairs, where x is a distance and y is

an elevation. Because the hydraulic characteristics at one transect are
often influenced by the hydraulics of an adjacent transect, all of the
transects must be related in elevation to a common reference elevation,
known as a datum. It is possible to describe the shape of a cross-
section simply by measuring the depth at intervals across a transect.
However, it would be impossible to determine whether transect 2 was
lower than transect 6 (or by how much), or to calculate the hydraulic
slope from transect 1 to transect 5 unless the elevations of all of the
transects are referenced to the same datum. Establishing vertical
control in a site refers to the process by which all locations in the
site are related to a common datum.

The procedure used to establish vertical control is known as
differential leveling, which gets its name from the process of
determining the elevations of unknown points by measuring the vertical
distance (difference) between the point and a horizontal line of known
elevation. As the name of the procedure implies, a level is the most
appropriate instrument for conducting this type of survey, although
satisfactory results can also be obtained with theodolites, electronic
transits, and total stations. Levels, however, are designed
specifically for differential leveling and offer the best overall
combination of economy, accuracy, and versatility. They are also
easiest to explain with regard to establishing vertical control at a
site.

The use of headpins, tailpins, or other monuments to mark the
positions of transects was mentioned in the discussion of establishing
horizontal control. The monuments used to establish vertical control
are known as benchmarks. Every PHABSIM site, regardless of size, should
have at least two benchmarks: the elevations of all secondary benchmarks
related by differential leveling to that of the primary benchmark. 1In
very long or brushy sites, there may be many benchmarks, but usually
there will be fewer benchmarks than transects.

Compared to a headpin, which is supposed to be semi-permanent,
benchmarks should be virtually indestructible. As a general rule,
headpins should not be used as benchmarks because they are too
susceptible to being disturbed. Examples of typical benchmarks used in
PHABSIM sites include:

(1) spikes driven into trees or tree roots (leaving about % in. of nail
exposed),

(2) lag bolts screwed into trees or tree roots (leaving only the hex-
head exposed),

(3) steel fence posts or long pieces of rebar driven flush to the ground
(or with only an inch or two protruding from the ground),

(4) rebar or 1 in. pipe driven into the ground and immersed in concrete,
or

(5) chiseled or spray-painted marks on boulders or concrete abutments.
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Naturally, U.S.G.S. benchmarks are perfectly acceptable if they
are conveniently located close to a site. U.S.G.S. benchmarks are all
referenced to Mean Sea Level as their datum, which is generally
unnecessary for PHABSIM sites. In fact, it is most convenient (and
conventional) to assign an arbitrary elevation of 100.00 ft above datum
to the primary benchmark for each site.

After installation of the primary and at least one secondary
benchmark, the First step in differential leveling is to set up the
instrument and determine the elevation of a level line of sight,
relative to the primary benchmark. The elevation of the horizontal line
of sight is known variously as the Height of Instrument, the HI, or the
Instrument Height. The measurement taken to determine the Height of
Instrument is known as a backsight (Fig. 33), so-called because the
level operator is looking back in his or her notes to a known elevation
(in this case, the elevation of the primary benchmark). To take the
backsight, the rod operator stands the rod vertically ( or "plumbs" the
rod) on top of the benchmark. Once the rod is properly placed, the
level operator reads the backsight to the nearest 0.01 ft This reading
is recorded under the column labeled BS(+) in the field book, and the
Height of Instrument (HI) is calculated by adding the backsight to the
known elevation.

T 11T
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Datum

Figure 33. Differential leveling concepts: the backsight (BS). The
height of instrument (HI = 101.34) was determined by adding the
backsight (BS = 1.34) to a known elevation (BM 1 = 100.00). In this
case, the elevation of BM 1 was assigned arbitrarily as 100.00 ft., a
common practice in PHABSIM field studies.
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The next step in the procedure is to determine the elevation of
other benchmarks relative to the primary benchmark, without moving the
level. This measurement is known as a foresight (Fig. 34). The rod
operator moves to a secondary benchmark, confirms the location, and
plumbs the rod. The foresight is taken to the nearest 0.01 ft, and
recorded under the column FS(-) in the field book. The elevation of the
secondary benchmark is determined by subtracting the foresight from the
HI.

Foresights can be taken from a single location as long as the rod
can be seen without moving the instrument. Sometimes, however, it
becomes necessary to move the instrument in order to carry the elevation
farther through the study site. The process by which the instrument is
moved, while carrying the elevation forward, is called a turn and the
point around which the instrument is moved is called a turning point.
Turns can seem a little daunting at first, but they are really fairly

simple:
| F S = 8.16 [
G N i L]
e HI ;
[ 10134 ft | BM2—wjl
2

Figure 34. Differential leveling concepts: the foresight. The
elevation of BM 2 (98.18) wass determined by subtracting the foresight
(FS = 3.16) from the instrument height (HI=101.34).

(1) a foresight is taken to the turning point (often a secondary
benchmark) to establish its elevation,

(2) the instrument is moved to a position where the turning point and
the next benchmark can both be seen,
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(3) the instrument is 