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ABSTRACT

Snorkel surveys to investigate the spawning abundance of steelhead Oncorhynchus mykiss in 10 index
streams in Southeast Alaska have been conducted annually since 1997 and were conducted again during
2004 and 2005. These index streams were surveyed by a two- or three-person team using snorkel gear
during April and May 2004; however only nine index streams were successfully surveyed during April-
May 2005. During the 2004 and 2005 snorkel surveys, observers obtained a peak count bracketed by
lower counts in six of the index streams. The peak survey counts in index streams during 2004 and 2005
were generally similar to the counts recorded in the preceding year. In 2004, three new record high peak
counts were recorded and in 2005, two new record highs were recorded. The number of steelhead
observed during 2004 and 2005 in the Juneau and Prince of Wales Island areas remained stable but
depressed compared to the high counts of steelhead observed during the late 1990s.

Snorkel surveys designed to calibrate observer counts with a weir count have been conducted at Sitkoh
Creek annually since 2003. The average observer efficiencies, or the proportion of fish observed compared
to the total steelhead escapement (i.e., weir count), at Sitkoh Creek has ranged from 45% to 57%.

Key words: steelhead, Oncorhynchus mykiss, emigration, abundance, Eagle Creek, Harris River,

Humpback Creek, Ketchikan Creek, McDonald Lake Creek, White River, Slippery Creek,
Petersburg Creek, Sitkoh Creek, Ford Arm Creek, Peterson Creek, Pleasant Bay Creek, weir,
sex, length, abundance indices, snorkel survey, index stream.

INTRODUCTION

Southeast Alaska has 271 uniquely identified
steelhead Oncorhynchus mykiss systems and an
additional 60 tributaries flow into these systems
for a total of 331 known water bodies containing
steelhead. Most populations are believed to
contain 200 or fewer spawning adults. Major sport
fisheries occur on larger systems such as the
Thorne River on Prince of Wales Island, which
may support up to 1,000 spawning steelhead, and
on the Situk River, which has had annual returns
of over 10,000 steelhead. Steelhead harvests in
Southeast Alaska generally increased from the late
1970s through 1989, but then began to decline
(Mills  1993). As fishery managers and
participants reported lower escapements, an
Emergency Order (EO) prohibiting steelhead
harvests in the Situk River was enacted in 1991.
In 1992, harvests were prohibited by EO in 24
popular systems, and in 1993, the Situk and 47
other systems were closed to steelhead harvest. In
1994, the Alaska Board of Fisheries enacted
conservative regulations for steelhead in Southeast
Alaska, and since 1994, anglers have been limited
regionwide to a harvest of 2 steelhead per year
and a minimum size limit of 36 inches (914 mm).

Intensive research on steelhead stocks in
Southeast Alaska has largely been limited to
Petersburg Creek (Jones 1972-1976) and the Situk

River (Johnson 1990, 1991, 1996; Didier and
Marshall 1991; Johnson and Marshall 1991;
Glynn 1992; Glynn and Elliott 1993; Bain et al.
2003; Johnson and Jones 2003). Estimates of
migratory  timing, abundance, and age
composition have also been made for a few other
systems (Jones 1983; Harding and Jones 1990-92;
Jones et al. 1991; Yanusz 1997). Creel surveys of
steelhead fisheries have also been conducted
(Freeman and Hoffman 1989-91; Hubartt 1989,
1990; Hoffman et al. 1990; Harding and Jones
1991, 1993, 1994; Schmidt 1992), and
enhancement has been studied in one system
(Freeman 1992, 1995).

Although counts of adult steelhead have been
conducted in a few select systems for many years,
consistent foot surveys to monitor peak abundance
were not initiated until 1994. Since then, survey
methodology has evolved, and the streams and
reaches selected to survey have changed as
observers gained experience with each system
(Johnson and Jones 1998-2001; 2003; Harding
2005).

Substantial changes in survey methods were also
instituted in 1997 to increase the proportion of
steelhead observed in index streams and to better
identify dates of peak instream abundance
(Johnson and Jones 1998). All surveys were
converted to snorkel surveys because Shardlow et
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Figure 1.—Locations of the Situk River and the steelhead index systems in Southeast Alaska surveyed in

2004 and 2005.

al. (1987) found that among the most common
survey methods, snorkel surveys by experienced
observers yield the highest proportion counted
(i.e. the number of fish observed/number of
known fish in stream). During late April through
the end of May 2004 and 2005, the primary
objective of the steelhead survey project was to
conduct weekly counts of steelhead, for a
minimum of three weeks, in standardized sections
of 10 index streams. The index streams surveyed
for steelhead in 2004 and 2005 were dispersed
across Southeast Alaska (Figure 1). A new
component of our steelhead snorkel project has
been to investigate the development of “expansion
factors” by comparing snorkel survey counts to
weir counts. During the first three years of the
Sitkoh Creek steelhead project (2003-2005),
comparisons between weir counts and snorkel
counts made by various teams and between the

same team over time, have been made; the results
of this component for 2003—-2005 are presented in
this report.

The Petersburg management biologist opted to
concentrate his survey efforts on Big Creek
instead of Slippery Creek during 2005 due to
newly opened net fishery close to Big Creek. It
was believed that the District 108 Chinook
gillnet fishery might incidentally catch steelhead
destined for Big Creek and that close monitoring
of Big Creek via snorkel surveys was a higher
priority than surveying Slippery Creek.

Area management biologists also conducted
snorkel surveys on several non-index streams
during 2004 and 2005 to address various
management concerns, e.g., a chlorine spill and
proposed development. Non-index streams
surveyed during 2004-2005 included Ward



Creek, Ketchikan Creek, Starrigavan Creek, Big
Creek, and Humpback River.

Additional snorkel surveys were conducted as
part of two federally funded subsistence research
weirs on Prince of Wales Island (Harris and Big
Ratz creeks). The objective of this project was to
correlate snorkel counts to weir counts; the
snorkel survey data are presented in Appendix
A3 and the analysis will be reported by Piazza et

al. (In prep).

METHODS
SOUTHEAST ALASKA SNORKEL SURVEYS

Snorkel surveys were scheduled to provide indices
of peak steelhead abundance for 10 streams in
Southeast Alaska in 2004 and 2005 (Figure 1). All
index streams have been surveyed for steelhead
since 1997 (Johnson and Jones 1998-2001, 2003;
Harding 2005) with the exception of Slippery
Creek, which has been surveyed five times since
2000 (Slippery Creek was not surveyed in 2005).
The percentage of available stream area surveyed
(feet surveyed/feet of anadromous stream)
annually averages 54% and ranges from 19% in
Ford Arm Creek to 100% in McDonald Lake
Creek (Appendix Al).

As in prior years, surveys of index streams were
conducted weekly, up to four times (depending on
the stream), from late April through the end of
May when instream abundance was expected to
peak. A peak count is successfully achieved if it is
bracketed by lower counts; if the highest count
occurred during the last survey, an additional
survey was attempted to obtain a peak count. In
many cases a final survey was unable to be
completed, thus a final lower count was not
obtained and the count is considered a “high”
count.

Surveys were conducted by at least two
employees wearing dry suits and snorkel gear.
One surveyor was always a senior, trained
observer. Data from each survey in each stream
were recorded for discrete sections (reaches) of
the river (Appendix Al). If a shore-side (third)
party was available, counts were verbally
conveyed to them, and they tabulated and then
recorded the counts by reach as the survey
progressed. When a shore-side party was not
available, one or both snorkelers recorded the

counts by stream-reach with a waterproof (wax-
based) marker on a small plastic diver’s slate until
it could be transcribed to conventional data forms.

Observers, as a team, counted all adult steelhead
seen during the survey. The surveyors attempted
to stay abreast of each other in the stream and
coordinated their observations to obtain maximum
coverage. When  passing  through  high
concentrations of steelhead, both observers
counted the number of steelhead in their area of
responsibility before consulting with each other
on their counts. If either or both surveyors felt that
a questionable count was made in a particular pool
or stretch of river, the area was recounted.
Typically, steelhead were minimally disturbed on
the first snorkel pass so second counts of a pool or
run were usually possible.

Surface water temperature (°C), and weather
conditions (cloud cover, wind, and precipitation)
were recorded at the beginning of each survey
during 2004 and 2005. On each index system,
water levels were recorded at a permanent
benchmark established in 1997. This benchmark
was either a permanent mark on a bridge
abutment, a U.S. Geological Survey (USGS)
gauging station, or a mark carved in bedrock.
Water clarity was measured using a Sechii disk;
the Sechii disk was held underwater by one
observer approximately 20 cm below the surface.
The second snorkel observer then backed away
underwater keeping visual contact with the disk
while feeding out the line. The point at which the
Sechii disk disappeared was the distance that was
recorded.

STREAM TEMPERATURE MONITORING

Temperature data loggers (HOBO® temp logger
model H8)! were installed in nine of the 10
snorkel index streams to provide information on
temperature  versus peak abundance (no
temperature logger was installed in McDonald
Lake Creek). The temperature loggers were
retrieved each year during the first survey and
replacement loggers were installed. The
temperature loggers were programmed to record
and store temperatures every 2 hours.

1 Product names used in this report are included for scientific
completeness, but do not constitute a product endorsement.



CALIBRATION OF SNORKEL COUNTS TO
WEIR COUNT

The “peak” survey counts for a given year on
streams with known escapement, i.e., weir count,
may be used to produce an estimate of the survey
count-to-escapement expansion factor for that
year and observer team. The averages of several
yearly estimates of these expansion factors under
differing snorkeling conditions could eventually
be used (for a given observer team and system) to
estimate total abundance when weir counts are
unavailable but peak snorkel counts are obtained.

During the first three years of the Sitkoh Creek
project, expansion factors for Juneau, Ketchikan
and Sitka area snorkel teams who have snorkel
surveyed Sitkoh Creek were calculated. “Peak”
snorkel counts were obtained during surveys on
Sitkoh Creek during 2003, 2004 and 2005. These
“peak” counts were used for calculating snorkel
team-specific  count-to-escapement  expansion
factors (77 ;) for Sitkoh Creek steelhead for the
year surveyed. Snorkel survey expansion factors
using “peak” counts were calculated as the weir
count N; on the “peak” survey day (immigrants
upstream less any adults already passed
downstream and any known mortalities at the
time), divided by the snorkel survey count C; at
the “peak” survey for an observer team in year t,
as per the following equation:

TCt: Nt/Ct (1)

An average (7 ) of k available yearly expansion
factor estimates could then be estimated for
Sitkoh Creek using the following equation:

k
7=y 7 Ik @)
t=1

These average expansion factor estimates could
then be used to evaluate the usefulness of this
method of estimation on Sitkoh Creek. The
average expansion factor (1) obtained would be

used in the following estimator (Nt) for

expanding snorkel counts to estimate abundance,
which then can be compared for their accuracy to
known weir counts:

N, =7 C, 3)

The variance of Nt is:

var(Nt) = Ctz var(z) 4)

The quantity var(r) used to find the variance of

the estimator ( Nt ) in (4) is calculated using:

var(z) = Zk:(rzt 201 (k=1) (5)

where the right-hand-side (rhs) of (5) is simply the
observed yearly variation in m; from the mean

() yearly expansion factor. Note that this
equation applies to the difference in the
population of predicted values of snorkel survey
expansion factors at “peak” counts obtained when
the weir was in place.

The 95% confidence interval around the estimator
(Nt) in (3) above can be calculated using the
product of the statistic Z; ¢, 005 and the SD of the
var (Nt) in (4) above expressed as the square root
of the variance.

RESULTS

SOUTHEAST ALASKA SNORKEL
SURVEYS, 2004

Twenty-nine snorkel surveys were conducted on
the 10 steelhead index streams during April and
May 2004 (Table 1 and Appendix A2). This was
nine fewer surveys than the 36 conducted in 2003.
As a result, observers obtained a peak count
bracketed by lower counts for only six of the
index streams. Three streams were only surveyed
twice: Eagle Creek, White River, and McDonald
Lake Creek. Peak or high steelhead counts ranged
from 39 in Peterson Creek (May 5) to 379 (May
10) in Ford Arm Creek.

Three additional Ketchikan area systems were
surveyed during 2004 that are not index streams
(Appendix AZ2). Three snorkel surveys of
Humpback Creek yieldeda high count of 65



Table 1.-Steelhead index streams surveyed in 2004 along with dates of peak (P; bracketed) or high (H;

unbracketed) counts and numbers of steelhead counted.

Peak/high count

Stream name No. of surveys  Peak/high count date of steelhead General location
Eagle Creek 2 13 May 67 (H) Prince of Wales Island
Harris River 3 5 May 124 (P) Prince of Wales Island
White River 2 13 May 35  (H) Revillagigedo Island
McDonald Lake Creek 2 14 May 76  (H) Southern mainland
Slippery Creek 3 28 April 92 (P) Kuiu Island
Petersburg Creek 4 12 May 330 (P) Kupreanof Island
Pleasant Bay Creek 3 7 May 51 (P) Admiralty Island

Ford Arm Creek 3 10 May 379 (P) Chichagof Island
Sitkoh Creek 4 13 May 354 (P) Chichagof Island
Peterson Creek 3 5 May 39 (H) Northern mainland

steelhead, down from the historic peak of 105
during 2003. Two surveys were conducted in
Ketchikan Creek and yielded a high count of 53,
just below the all time high peak count of 60
recorded during 2003. Ketchikan Creek is on the
Ketchikan road system and has an extensive
history of stocking by the Deer Mountain
Hatchery, which is located on that stream. Four
surveys conducted on Ward Creek produced a
peak count of 252 steelhead.

SOUTHEAST ALASKA SNORKEL
SURVEYS, 2005

Thirty-five snorkel surveys were conducted on the
nine of the 10 steelhead index streams during
April and May 2005; no surveys were conducted
on Slippery Creek in 2005 (Table 2 and Appendix
A3). Observers obtained a peak count bracketed
by lower counts for six of the index streams. One
Ketchikan area stream (White River) was only
surveyed twice. The peak or high 2005 steelhead
counts ranged from 22 (May 5) in Peterson Creek
to 459 (April 29) in Ford Arm Creek.

In addition, surveys were made on three other
Ketchikan area systems and one Petersburg area
system that are not index streams (Appendix A3).
Three snorkel surveys of Humpback Creek
produced a peak count of 38 steelhead, well below
the historic peak of 105 during 2003. Three
surveys conducted during 2005 Ketchikan Creek
yielded an all time high count of 94 which
exceeds the peak count of 53 during 2003 and the
high count of 53 during 2004. Three surveys were
conducted on Ward Creek and the resulting peak
count was 146 adult steelhead. In the Petersburg

area, four surveys were conducted on Big Creek
and a peak count of 132 steelhead was obtained.

STREAM TEMPERATURE MONITORING

Eight of the 10 temperature loggers set in index
streams were recovered during 2004. The Slippery
Creek temperature logger was not read during
2004 and was not seen during 2005, and the
Pleasant Bay logger was not recovered in 2004,
but its replacement was successfully set in 2005.

Several of the temperature loggers were retrieved
during the early surveys in 2004 (White, Harris
and Ford Arm), and therefore a complete spring
temperature profile is not available. Only four of
the temperature loggers were retrieved during
2005 (Figure 2).

Stream water temperatures between April 1 and
June 3 were similar during the 2004 and 2005
snorkel surveys in the three systems (Peterson,
Petersburg and Sitkoh) where we have
comparable data.

Peak and high snorkel counts were recorded in
index streams when the daily average water
temperatures ranged from 4.8°C (Humpback
Creek) to 11.4°C (Eagle Creek). The peak/high
count at Peterson Creek in 2004 and 2005 both
occurred on May 5 when water temperatures were
5.6°C and 8.0°C, respectively.

CALIBRATION OF SNORKEL COUNTS TO
WEIR COUNT

2003

Division of Sport Fish staff from the Sitka area
office (“Sitka team”) conducted four snorkel



Table 2.-Steelhead index streams surveyed in 2005 along with dates of peak (P; bracketed) or high (H;

unbracketed) counts and numbers of steelhead counted.

Peak/high count

Stream name

No. of surveys

Peak/high count date

of steelhead

General location

Eagle Creek 3 30 April 102 (H) Prince of Wales Island
Harris River 11 13  May 122 (P) Prince of Wales Island
White River 2 25  April 67 (H) Revillagigedo Island
McDonald Lake Creek 3 11  May 134 (P) Southern mainland
Slippery Creek 0 Kuiu Island
Petersburg Creek 3 3 May 369 (P) Kupreanof Island
Pleasant Bay Creek 3 29  April 47  (H) Admiralty Island

Ford Arm Creek 4 6 May 459 (P) Chichagof Island
Sitkoh Creek 3 10 May 259 (P) Chichagof Island
Peterson Creek 3 5 May 22 (P Northern mainland

Table 3.—Calibration of steelhead snorkel survey counts to Sitkoh weir escapements, 2003. Multiple counts by
date, weir counts at time of beginning of survey for that day, % of total instream escapement and snorkel conditions
for surveys made by three snorkel teams (Sitka, Juneau 1 and Ketchikan teams).

Snorkel Count above
Date team Snorkel weir % Observed T Snorkel conditions
15 Apr Sitka 10 32 31.3 3.20  Excellent visibility
22 Apr Sitka 72 128 56.3 1.78  Normal/excellent visibility, normal water
29 Apr Sitka 160 379 42.2 2.37  Normal visibility, normal/low water
30 Apr Juneau 1 246 391 62.9 1.59  Excellent visibility (“peak” count)
20 May? Sitka 245 611 40.1 2.49  Normal/excellent visibility, water low
20 May®  Ketchikan 241 617 39.1 2.56  Normal/excellent visibility, water low
Average 45.3 2.33

& Weir count of known adult steelhead above weir when snorkel team finished survey at weir i.e., six steelhead
were passed upstream after the Sitka team finished but before the Ketchikan team.

surveys during weir operations at Sitkoh Creek
during 2003. During their surveys they saw an
average of 43% of the upstream weir count.
Combining the Sitka team’s four surveys with
two additional surveys from other snorkel teams
(Juneau and Ketchikan) resulted in an average of
45% of the total immigrant weir count observed
at the time of each survey. The Sitka team
surveyors observed proportionately more of the
total fish known to have passed the weir when
the weir count was intermediate rather than high
or low (Table 3).

There were also two events conducted at Sitkoh
Creek during 2003 to calibrate snorkel counts to
the weir count on or about the same day/time i.e.,
attempt to calibrate under as nearly identical
conditions and abundance as possible. The first
event occurred on April 29 and April 30 when
Sitka team observed 42% of the escapement
while the Juneau team observed 63%,
respectively. The instream steelhead abundance

was similar for both days but snorkel conditions
were better on April 30. The second event
occurred on May 20 when two surveys were
conducted in Sitkoh Creek approximately 2-3
hours apart. During this event both the Sitka and
Ketchikan teams observed approximately the
same proportion of the weir count. The
individual reach counts however, were different,
suggesting that different fish were counted or the
fish redistributed themselves between surveys.

The area approximately 100 m above the weir
was difficult to count during all but the first
survey (April 15) because the weir tended to
delay fish passage downstream. When large
numbers of fish were concentrated above the
weir (i.e., > 50), reliable counts could not be
made, thus direct comparisons between snorkel
teams were not possible during 2003; the
difficulty of accurately counting the weir-
influenced pools was identified and future
surveys were designed to correct for this.
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Figure 2.—The daily average and high and low water temperatures recorded at steelhead index streams and the
dates of “high” or “peak” snorkel counts during our 2004 and 2005 Southeast Alaska steelhead snorkel surveys.
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2004

Division of Sport Fish staff from the Sitka area
office (“Sitka team”) conducted four snorkel
surveys during weir operations at Sitkoh Creek
during 2004. During these four surveys an
average of 57% of the upstream weir count was
observed. Combining the Sitka team’s four
surveys with two additional surveys from other
snorkel teams (Juneau) resulted in an average of
nearly 54% of the total immigrant weir count
observed at the time of each survey. The Sitka
team surveyors observed proportionately more of
the total fish known to have passed the weir
when the weir count was less than 300 fish and
survey conditions were excellent (Table 4). The
Sitka survey team’s observations appeared to be
less variable in 2004 as compared to 2003 and
they saw a higher proportion of the immigrant
weir count. Clear water, lower water levels and
lower glare made for slightly better than normal
snorkeling conditions in 2004 compared to 2003.
As the weir count increased to over 600 fish, the
Sitka team observed proportionately fewer fish
during their surveys: 67% of 141 past the weir,

as compared to 53% of 617 past the weir (Table
4).

Two Juneau teams conducted surveys on May 19
in an effort to obtain the “peak” survey for 2004.
The count of 335 fish on May 19 was the peak
count and it also corresponded to the highest
cumulative weir count. The two Juneau teams
observed 48% and 40% of the total escapement
on May 19. The individual reach counts were
similar for all reaches except for the pool area
immediately upstream from the weir, which
again was holding a large number of fish.
Excluding the pool counts from the total survey
counts yielded nearly identical counts of 103 and
110 for both survey teams (Table 5).

2005

Three different snorkel teams conducted five
snorkel surveys during weir operations. The
Sitka team conducted three of these surveys
between April 26 and May 18, observing
approximately 62% of total escapement. On
average, all snorkel teams saw approximately
57% of the upstream escapement. The highest,

Table 4.—Calibration of steelhead snorkel survey counts to Sitkoh weir escapements, 2004. Multiple counts by
date, weir counts at time of beginning of survey for that day, % of total instream escapement and snorkel conditions
for surveys made by three snorkel teams (Sitka, Juneau 2 and Juneau 3 teams).

Date Snorkel Team Snorkel Count above weir % Observed 77 Snorkel conditions

19 Apr Sitka 94 141 66.7 1.50 Excellent visibility, low water, clear

29 Apr Sitka 169 329 51.4 1.95 Normal/excellent visibility high water,
clear

6 May Sitka 301 543 55.4 1.80 Normal visibility, high water, less clear

13 May Sitka 329 617 53.3 1.87 Normal visibility, lower water, clear

19 May Juneau 2 335 692 48.4 2.07 Normal visibility, low water, clear,

19 May Juneau 3 274 692 39.6 2.53 Normal visibility , low water, clear

Average 53.9 1.91




Table 5.-Steelhead snorkel counts made by two different teams in Sitkoh Creek on the same day including
(panel A) and not including (panel B) the two pools directly above the weir (Juneau 1 and Juneau 2 teams), 2004.

Date Snorkel Count above weir % Observed Conditions
Panel A
Juneau 1

19 May 335 692 48.4 Low water, clear
Juneau 2

19 May 274 692 39.6 Low water, clear
Panel B
Juneau 1

19 May 110 692 15.9 Low water, clear
Juneau 2

19 May 103 692 14.9 Low water, clear

Table 6.—Calibration of steelhead snorkel survey counts to Sitkoh weir escapements, 2005. Multiple counts by
date, weir counts at time of beginning of survey for that day, % of total instream escapement and snorkel conditions
for surveys made by three snorkel teams (Sitka, Juneau and Ketchikan teams).

Count
above
Date Snorkel team  Snorkel  weir % Observed 77 Snorkel conditions
26 Apr  Sitka 119 166 71.7 1.39 Normal visibility, low water, clear
10 May Sitka 259 412 62.9 1.59 Normal visibility, low water, clear (“peak” count)
10 May  Juneau 1 255 412 61.9 1.62 Normal visibility, low water, clear
10 May  Juneau 2* 148 412 35.9 2.78 Normal visibility, low water, clear
18 May  Sitka 248 488 50.8 1.97 Normal visibility, low water, clear
Average 56.6 1.87

& One snorkeler missing mask at beginning of survey.

and ultimately the peak index was made by the
Sitka team on May 10 when 259 fish (63%) of
the immigrant weir count was observed. The
highest percentage of fish observed during any
survey was 72% and occurred on April 26 during
a period of normal visibility when the weir count
was relatively low (166, Table 6).

Three separate survey teams conducted surveys
on May 10 and there was about a 2-hour hiatus
between surveys. Two of the teams counted
nearly the same number of steelhead in the upper
two survey reaches; one member of the third
team did not have a mask, thus their survey is not
comparable. The snorkel counts for two of the
teams were 55 and 53 fish, respectively, while
the counts for third team (which was missing a
mask) was 21 fish. In the third reach, the counts
for the two fully functional teams were identical,
with a total of 176 fish observed; the third reach
included a pool just upstream of the weir which
contained a significant school of steelhead.
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DISCUSSION

We have consistent snorkel survey data for nine
index streams from 1997 through 2005 (Table 7).
Reviewing the peak/high surveys for index
streams in all years reveals that the 2004 and
2005 counts were similar to the past several
years with the exception of Petersburg and Ford
Arm Creeks which had considerably higher
numbers of steelhead observed. While the
steelhead counts in the Juneau and Prince of
Wales areas were generally stable during 2004
and 2005, the counts remain below peak counts
observed in prior years.

Three of the 10 streams surveyed during 2004 had
peak or high counts below the 2003 counts, four
streams were above, and three were nearly
identical. In 2005, three streams were below the
2004 counts, while five were above and one
nearly identical. The number of steelhead
observed during the 2004 and 2005 snorkel counts
was consistent with anecdotal angler reports made
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Table 7.-Steelhead snorkel surveys conducted on index streams in Southeast Alaska, 1997-2005. Peak count (bold) is defined as a bracketed count or a count
having a lower count before and after the high or “peak” count; high count (italicized) is defined as an unbracketed count and is the highest count for that
year/system.

Year
Management 1997 1998 1999 2000 2001 2002 2003 2004 2005
area Stream name Peak/High Peak/High Peak/High Peak/High Peak/High Peak/High Peak/High Peak/High Peak/High
Juneau Peterson Creek 26 29 38 27 41 13 36 39 22
Pleasant Bay (Seymour) 155 81 132 48 48 36 50 51 47
Ketchikan McDonald Lake 145 86 100 47 74 14 79 76 134
White River 84 93 60 38 48 37 77 35 67
Petersburg Petersburg Creek. 123 152 115 68 64 41 146 330 369
Slippery Creek? NA NA NA 42 41 31 76 92 NA
Prince of Wales Eagle/Luck Creek 90 56 118 82 NA 36 95 67 102
Harris River 104 156 192 79 53 200 195 124 122
Sitka Ford Arm Creek 296 103 89 134 28 122 181 379 459
Sitkoh Creek 329 154 129 112 115 65 296 354 259

& Slippery Creek not surveyed in 1997-1999 and 2005.



to Division of Sport Fish area management
biologists regarding relatively good steelhead
abundance. However, management biologists
remain somewhat concerned about the Juneau and
Prince of Wales stocks.

Steelhead snorkel survey counts in Southeast
Alaska have been made since 1997 to monitor
trends in steelhead abundance (Johnson and
Jones 1998-2001, 2003; Harding 2005). The
initiation of the Sitkoh Creek steelhead weir
project in 2003 provided a unique opportunity to
compare snorkel survey counts to weir counts.
The concept of calibrating snorkel counts is to
investigate conversions for each snorkel team so
that a consistent estimate (defined bias) of true
abundance, with an associated precision, can be
obtained. This would allow calibration of the
various survey teams to one another and allow
more standardized estimation across the various
index streams surveyed by different teams. As
only three years of standardized snorkel survey
counts are presented here, the results should be
considered preliminary because a variety of
confounding factors still need to be evaluated.

The presence of a weir may also bias and
compound the difficulty of calibrating snorkel
counts. Adult steelhead weirs can impact run
timing (e.g., see Bain et al. 2003), and can create
artificially high concentrations of steelhead as
they school prior to migrating downstream
through the weir. The artificially high
concentrations can be created because emigrating
adult steelhead are often “finicky” or difficult to
pass downstream through a weir and weirs are
often located on sites just below pools where
emigrant steelhead would naturally concentrate,
but in much fewer numbers; low water conditions
can exacerbate this problem. Difficulties in
accurately counting large (>50) schools of
steelhead via snorkel techniques should also be
considered when evaluating correlations between
snorkel and weir counts. However, valuable
information can be gained by investigating the
correlation of snorkel counts to immigrant weir
counts. For a detailed analysis of the snorkel
calibration, see Appendix A4.

The average daily water temperatures during
peak snorkel counts ranged from 5.7°C at
Petersburg Creek (2004) to 11.9°C at Harris
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River (2004). The daily maximum temperatures
during the peak surveys ranged from 5.4 to
12.4°C. The water temperatures recorded in
Southeast Alaska fall within the range described
by Behnke (1992) that all western trout species,
including steelhead, spawn when daily maximum
water temperature reaches 6-9°C and where
spawning activity may be initiated by 3-6°C
temperatures.  Implications  between  water
temperature and spawning activity may become
important if significant climate changes occur,
i.e., timing of peak spawning activity may change.

Over 11 years have elapsed since the
implementation of the 1994 regulations, and the
response of steelhead stocks has been mixed.
Between 2003 and 2005, snorkel index counts
were, on average, similar or higher than those
during 2000 to 2002. Four of the 10 index streams
had record high snorkel counts during 2004 and
2005 (Table 7). Collectively these counts suggest
that the steelhead stocks surveyed are stable and
generally have higher escapements than in the
preceding 3 years (2000-2002). However, some
stocks remain low and apparently have not
rebounded from the depressed levels observed in
the late 1980s and early 1990s when ADF&G
issued emergency orders closing 24 and 48
streams to the retention of steelhead in 1992 and
1993, respectively; all streams also had bait
restrictions.

Efforts to develop “expansion factors” comparing
snorkel counts with weir counts should continue
in the future as this procedure continues to be
refined. Ideally, more of the snorkel index streams
will be “calibrated” using this method as
techniques are developed to estimate immigrant
steelhead abundance i.e., resistivity or video
counting (Coyle In prep).
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Appendix Al.-Steelhead index stream name, anadromous stream number, management area, length and percent
of stream surveyed, number of survey reaches, and approximate dates for start of weekly surveys for steelhead in
2004 and 2005.

Target
Anadromous Dist. to be Percent of  Number of survey

Index Streams stream number Area surveyed in feet® stream surveyed reaches  start’
Ford Arm Creek 113-73-10030 Sitka 4,582/24,002 19% 2 30 Apr
Sitkoh Creek 113-59-10004 Sitka 16,192/20,136 80% 3 30 Apr
Peterson Creek 111-50-10010 Juneau 3,663/7,553 48% 1 30 Apr
Pleasant Bay Creek 111-12-10005 Juneau 6,630/12,405 54% 2° 30 Apr
Petersburg Creek 106-44-10600 Petersburg 22,401/72,983 31% 2 30 Apr
Slippery Creek 109-43-10030 Petersburg 9,618/11,491 84% 3 30 Apr
Eagle Creek 107-40-10055 POW 28,716/49,136 58% 4 23 Apr
Harris River 102-60-10820 POW 38,758/96,466 40% 5 23 Apr
McDonald Lake Creek  101-80-10068 Ketchikan 11,259/11,259 100% 4 23 Apr
White River 101-44-10024 Ketchikan 19,719/35,750 55% 3 23 Apr

® Feet to be surveyed/feet of anadromous stream.
b Additional surveys are required if highest counts occur during last of three surveys.

¢ Stream reach 3 was dropped in 2000 due to safety concerns and because <10% of steelhead were ever observed in
this section of river.
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AppendixA2.—Counts of steelhead from 2004 surveys by stream, date, and reach of stream along with measured environmental variables.

Distance  Survey Weather Light  Light Temp
Stream name Date Reach  surveyed type? Live codes” Observers® Codes”  level® trans (C) Comments
Eagle Creek 04/29/04 1 Length S 4 C SM,GF 22,32
04/29/04 2 Length S 5 C SM,GF 22,32
04/29/04 3+4 Length S 45 C SM,GF 22,32
05/13/04 1 Length S 0 C SM,DG 21,33
05/13/04 2 Length S 5 C SM,DG 21,33
05/13/04 3+4 Length S 62 C SM,DG 21,33
Ford Arm 04/30/04 1 Length S 118 C BC,TT 22,33 4.0 Sechii 33' w/ sun; 25' w/ shade; 15'
w/ sun at back
04/30/04 2 Length S 162 C BC,TT 22,33 4.0
05/10/04 1 Length S 161 C BC,TT 22,33 4.0 Sechii 33' w/ sun; 25" w/ shade; 15'
w/ sun at back
05/10/04 2 Length S 218 o BC,TT 22,33 4.0
05/17/04 1 Length S 206 (0] BC,TT 22,33 8.0 Sechii 18' w/ & w/ sun to back
05/17/04 2 Length S 97 0 BC,TT 22,33 8.0
Harris River 04/22/04 4 Length S 6 R BB 21,33
04/22/04 5 Length S 0 R BB 21,33
05/05/04 1 Length S 0 SM,RM 21,33
05/05/04 2 Length S 70 SM,RM 21,33
05/05/04 3 Length S 46 SH,RH 21,33
05/05/04 4 Length S 4 SH,RH 21,33
05/05/04 5 Length S 4 SH,RH 21,33
05/17/04 1 Length S 0 SM 21,33
05/17/04 2 Length S 49 SM 21,33
05/17/04 3+4 Length S 41 JN 21,33
05/17/04 5 Length S 0 JN 21,33
Humpback Creek 04/21/04 1 0.25 S 9 C SHH,GF,CS 22,33 6.0 Sechii 12; 1 RB 1 seen
04/21/04 2 0.75 S 56 C SHH,GF,CS 22,33 6.0 Sechii 12
04/21/04 3 0.50 S 0 C SHH,GF,CS 22,33 6.0 Sechii 12
04/21/04 4 1.00 S 0 C SHH,GF,CS 22,33 6.0 Sechii 12
05/05/04 1 0.25 S 9 C GF,KR 23,32 6.0 Sechii 4.5; Above normal flow
05/05/04 2 0.75 S 21 C GF,KR 23,32 6.0 Sechii 4.5
05/05/04 3 0.50 SIF 12 C GF,KR 23,32 6.0 Sechii 4.5
05/05/04 4 1.00 SIF 0 C GF,KR 23,32 6.0 Sechii 4.5
06/03/04 1 0.25 S 0 C SHH,KR,JG 22,32 12.5 Sechii 10; 2 RB 1 seen
06/03/04 2 0.75 S 1 C SHH,KR,JG 22,32 12.5 Sechii 10; 1RB 12in
06/03/04 3 0.50 S 0 C SHH,KR,JG 22,32 12.5 Sechii 10
06/03/04 4 1.00 S 0 C SHH,KR,JG 22,32 12.5 Sechii 10
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Distance  Survey Weather Light  Light Temp
Stream Name Date Reach  surveyed type? Live codes’ Observers® Codes®  level® trans (C) Comments
Ketchikan Creek 04/28/04 1 0.25 S 4 C SHH,KR 22,31 7.0 Water level 4..3; Sechii 12; 20
RB 4 10" seen 20 DV 6- 10"
04/28/04 2 0.50 S 1 C SHH,KR 22,31 7.0 Sechii 12; 30 RB seen to 20"
04/28/04 3 0.25 S 1 C SHH,KR 22,31 7.0 Sechii 12; 12 RB 6-1 seen
05/24/04 1 0.25 S 30 C SHH,KR 22,31 12.5 4.01 Water level; Sechii 12; 20
RB 4 10" seen 20 DV 6 -10"
05/24/04 2 0.50 S 20 C SHH,KR 22,31 12.5 Sechii 12; 30 RB seen to 20"
05/24/04 3 0.25 S 3 C SHH,KR 22,31 12.5 Sechii 12; 12 RB 6-11 seen
McDonald Lake Creek 05/14/04 1 0.50 S 32 C SHH,AH 22,32 45 F Sechii 16.5ft; 32 RB 8-16"
05/14/04 2 0.50 S 20 C SHH,AH 22,32 45 F Sechii 16.5ft; 36 RB 10-16"
05/14/04 3 0.25 S 15 C SHH,AH 22,32 45 F Sechii 16.5ft; 50 RB 6-12" 100
DV
05/14/04 4 0.25 S 9 C SHH,AH 22,32 45 F Sechii 16.5ft
05/25/04 1 0.50 S 20 C SHH,KR 22,32 52 F Sechii 10; 50 RB 8-16"
05/25/04 2 0.50 S 20 C SHH,KR 22,32 52 F Sechii 10; 36 RB 10-16"
05/25/04 3 0.25 S 20 C SHH,KR 22,32 52 F Sechii 10; 100 RB 6-12"
05/25/04 4 0.25 S 7 C SHH,KR 22,32 52 F Sechii 10; 25 RB 8-18"
Petersburg Creek 04/21/04 1 S 89 C DF,VG,MM 22 7.0
04/21/04 2 S 161 C DF,VG,MM 21 7.0 Water level 21
04/30/04 1 S 81 C DF,VG 22/21,32
04/30/04 2 S 184 C DF,VG 21,32 8.0 Water level 15" to mark
05/12/04 1 S 45 C DF,VG 21,32/33
05/12/04 2 S 285 C DF,VG 21,32 11.0 Water level 18"; Sechii 25' light
19' shade
05/20/04 1 S 9 C DF,VG 21,32/33
05/20/04 2 S 58 C DF,VG 21,32/33 13.0 Water level 16"; Sechii 20'
shade 32' sun
Peterson Creek 05/05/04 1 S 39 C BG,DL 45.0 F Water level 41 cm; 10 RT
05/13/04 1 S 37 C BG,DL 51.0 F Water level 47 cm
05/28/04 1 S 2 BG,RH Water level 47 cm
Pleasant Bay 04/30/04 1 S 45 C BG,RH,DG 40.5/43 F Water level 39 ¢cm; Sechii 4.5 m
05/07/04 1 S 40 BG,DL,MS 42-45F Sechii 12.5m
05/07/04 2 S 11 BG,DL,MS Water level 38 cm
05/11/04 1 S 46 BG,RH,DL 455 F Water level 38 cm; Sechii 9.5 m
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Distance  Survey Weather Light Light Temp
Stream name Date Reach  surveyed type? Live codes’ Observers® Codes® level®* trans (C) Comments
Sitkoh Creek 04/19/04 1 3264' S 0 ] BC,TT,RD 12,21,33 4.5 43; Sechii 10'-12'; 75 CT; 2RB
04/19/04 2 6128 S 28 ] BC,TT,RD 12,21,33 45 43;1DV;70CT,; 30 RB
04/19/04 3 6800' S 66 (0] BC,TT,RD 12,21,33 45 43; 350 DV; 50+ CT; 40+ RB
04/19/04 4f Length S 48 (0] BC,TT,RD 12,21,33 45 43
04/29/04 1 3264 S 15 C BC,TT 22/23,32/31 4.5 Sechii 19" w/ sun, 9' w/o sun
04/29/04 2 6128' S 49 C BC,TT 22/23,32/31 45
04/29/04 3 6800' S 105 C BC,TT 22/23,32/31 4.5
04/29/04 4f Length S 36 C BC,TT 22/23,32/31 4.5
05/06/04 1 3264' S 39 C BC,TT 22/23,32/31 6.0 Sechii 23" w/ sun, 10' w/o sun
05/06/04 2 6128' S 82 C BC,TT 22/23,32/31 6.0
05/06/04 3 6800' S 180 C BC,TT 22/23,32/31 6.0
05/06/04 4f Length S 36 C BC,TT 22/23,32/31 6.0
05/13/04 1 3264 S 43 C BC,TT 22/23,32/33 11.0 Sechii 22' w/ sun, 11' w/o sun
05/13/04 2 6128' S 73 C BC,TT 22/23,32/33 11.0
05/13/04 3 6800’ S 213 C BC,TT 22/23,32/33 11.0
05/13/04 4f Length S 25 C BC,TT 22/23,32/33 11.0
Slippery Creek 04/19/04 1 0 C DF,VG 22 1 big trout
04/19/04 2 85 C DF,VG 21 9.0 Extremely low water; Water level
0.56 staff

04/19/04 3 0 20 ft Sechii

04/28/04 1 S 24 C DF, VG 22,33 5.5 Water level 1.0'

04/28/04 2 S 68 C DF, VG 21,33 Sechii 20'

04/28/04 3 - DF, VG

05/04/04 1 S 13 C DF, VG 22,32 9.8 Water level 1.05'

05/04/04 2 S 63 C DF, VG 21,32 13.0 Sechii 14' shade, 17" sunny

05/04/04 3 S No counts in 2004 - 80% area
uncountable (shallow, high
gradient)

Ward Creek 04/20/04 1 0.50 S 0 C SHH,MW,JG 22,33 6.0 Sechii 3; 40 RB 4 10" seen
04/20/04 2 1.50 S 77 C SHH,MW,JG 22,33 6.0 Sechii 3; 200 RB seen 6 to 20"
04/20/04 3 0.50 S 0 C SHH,MW,JG 22,33 6.0 Sechii 3
05/06/04 1 0.50 S 16 C AH,MW 23,32 10.0 Sechii 3
05/06/04 2 1.50 S 85 C AH,MW 23,32 10.0 Sechii 3
05/06/04 3 0.50 S 25 C AHMW 11*,23,32 10.0 * at lake mouth; Sechii 3
05/06/04 1 1.50 S 16 C MW,AH 22,32 41F
05/06/04 2 0.75 S 85 C MW,AH 22,32 41F
05/06/04 3 0.50 S 25 C MW,AH 22,32 41 F
05/19/04 1 1.50 S 23 C SHH,KR 22,32 46 F  Sechii 15ft; 24 RB 6-14"
05/19/04 2 0.75 S 44 C SHH,KR 22,32 46 F  Sechii 15ft; 24 RB 6-12" 20 DV 8-

12"

-continued-
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Distance  Survey Weather Light Light Temp
Stream Name Date Reach  surveyed type? Live codes” Observers® Codes* level* trans (C) Comments
Ward Creek 05/19/04 3 0.50 S 104 C SHH,KR 22,32 46 F  Sechii 15ft; 300 DV 8-15" 300 RB
6-18"
05/27/04 1 1.50 S 8 (0] SHH,GF 22,33 48 F  Sechii 12ft; 12 RB 6-14"
05/27/04 2 0.75 S 19 (0] SHH,GF 22,33 48 F  Sechii 12ft; 10 RB 6-12" 15 DV 8-
12"
05/27/04 3 0.50 S 68 0 SHH,GF 22,33 48 F Sechii 12ft; 150 DV 8-15" 200 RB
6-18"
White River 05/13/04 1 1.50 S 6 C SHH,AH 22,32 50 F Sechii 24ft
05/13/04 2 0.50 S 8 C SHH,AH 22,32 50 F Sechii 24ft
05/13/04 3 0.50 S 18 C SHH,AH 22,32 50 F Sechii 24ft
05/13/04 4 0.25 S 3 C SHH,AH 22,32 50 F Sechii 24ft
05/20/04 1 1.50 S 0 C SHH,AH 22,33 54 F Sechii 30ft
05/20/04 2 0.50 S 2 C SHH,AH 22,33 54 F Sechii 30ft
05/20/04 3 0.50 S 2 C SHH,AH 22,33 54 F Sechii 30ft
05/20/04 4 0.25 S 3 C SHH,AH 22,33 54 F Sechii 30ft

2 S =snorkel, F = foot, R&R = rod and reel.
C =clear, O = overcast, R =rain, O/C = Overcast with breaks.

¢ Primary observer(s): MS (Mark Schwan), BG (Brian Glynn), KK (Kurt Kondzela), AH (Amy Holm), MW (Mike Wood), BC (Bob Chadwick), GF (Glenn Freeman), RH
(Roger Harding), TT (Troy Tydingco), DF (Doug Fleming), VG (Vera Goudima), SHH (Steve Hoffman), JN (Jeff Nichols), JG (Jodi Goffinet), DG (Dave Gregovich), RM
(Randy Mullen), RB (Rob Dinneford), DL (Dave Love), MM (Mary Meucci), and KR (Kelly Repert).

12 = fish present in the intertidal but not counted, 21 = excellent visibility, 22 = normal visibility, 23 = poor visibility, 31 = high water, 32 = normal water, 33 = low water.
Light levels are EV values from a light meter calibrated to ASA 100.
Area below Sitkoh weir to saltwater.
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Appendix A3.—Counts of steelhead from 2005 surveys by stream, date, and reach of stream along with measured environmental variables.

Distance Weather Light Light Temp
Stream name Date Reach surveyed  Survey type* Live codes” Observers® Codes" level® trans (C) Comments
Big Creek 04/20/05 3 .35 mi S 3 O,R DF,VG,MM 22,31 4.5
04/20/05 4 0.4 mi S 23 O,R DF,VG,MM 22,31
04/20/05 5 1.5 mi S 33 0 DF,VG,MM 22,31 4.5 Staff Gauge -13", Sechii Disk
141t
04/28/05 2 0.6 mi S 20 C DF,VG,MM 21,32
04/28/05 3 .35 mi S 4 C DF,VG,MM 21,32 9.0
04/28/05 4 0.4 mi S 34 C DF,VG,MM 21,32 9.0 Staff Gauge -19", Sechii Disk
18/29ft
04/28/05 5 1.5 mi S 44 C DF,VG,MM 21,32 10.0 Sechii Disk 18/29ft
05/04/05 1 1.35 mi S 29 C DF,VG,MM 21,33 9.5 Headwater section (1.35 mi
total length) includes flood
channel habitat that is ~1.3
mi up from falls.
05/04/05 2 0.6 mi S 5 C DF,VG,MM 21,33 9.5
05/04/05 3 .35 mi S 7 C DF,VG,MM 21,33
05/04/05 4 0.4 mi S 48 C DF,VG,MM 21,33 10.0 Staff Gauge -20", Sechii Disk
20/24ft
05/04/05 5 1.5 mi S 43 C DF,VG,MM 21,33
05/16/05 2 0.6 mi S 2 C DF,VG,MM 22,33 12.0 Canyon Creek was surveyed
on 5/11/2005 by hiking in to
the creek to a location 1.25
mi. up of the confluence with
Big Creek.
05/16/05 3 .35 mi S 1 C DF,VG,MM 22,33
05/16/05 4 0.4 mi S 16 C DF,VG,MM 22,33 1 net marked steelhead
05/16/05 5 1.5 mi S 15 C DF,VG,MM 22,33 12.0 Staff Gauge -20.5", Sechii
disk 17ft sun, 13ft shade. 4
net marked steelhead.
Eagle Creek 04/30/05 1 S 2 O SM, ES 22,33
04/30/05 2 S 8 0] SM, ES 22,33
04/30/05 3 S 82 O SM, ES 22,33
04/30/05 4 S 10 0] SM, ES 22,33
05/10/05 1 S 10 C SM,RH,KM 22,33
05/10/05 2 S 15 C SM,RH,KM 22,33
05/10/05 3 S 42 C SM,RH,KM 22,33
05/10/05 4 S 32 C SM,RH,KM 22,33
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Distance Weather Light  Light Temp
Stream name Date Reach surveyed  Survey type®  Live codes” Observers® Codes® level® trans (C) Comments
Eagle Creek 05/20/05 1 S 0 (0] SM 22,33
05/20/05 2 S 5 (0] SM 22,33
05/20/05 3 S 26 0] SM 22,33
05/20/05 4 S 4 (0] SM 22,33
Ford Arm 04/22/05 1 1723 S 94 C TB,HR,TT 22,31,41 4.5 Staff Gauge 17", Sechii disk
18.5/17 ft
04/22/05 2 2859’ S 56 C TBHR,TT 22,31,41
04/29/05 1 1723 S 167 C BC,TT,HR 11,22,31 7 Staff Gauge 20.5", Sechii
disk 17/21 ft
04/29/05 2 2859' S 197 C BC,TT,HR 11,22,31 7 Staff Gauge 20.5", Sechii
disk 17/21 ft
05/06/05 1 1723 S 207 C BC,TT,AC 22,41 6.5 Staff Gauge 25"
05/06/05 2 2859' S 252 C BC,TT,AC 22,41 6.5 Staff Gauge 25"
05/17/05 1 1723 S 128 C BC,TT,AC 12,22 11.5 Staff Gauge 25" Sechii Disk
11/12'
05/17/05 2 2859' S 108 C BC,TT,AC 12,22 11.5 Staff Gauge 25" Sechii Disk
11/12'
Harris River 3/18/05 Upper 5,4,3 S 0 C JH, KM 22,33 1 5 unmarked caudal, first
survey after weir installation
3/18/05  Lower-2 S 5 C KR, TP 22,33
3/25/05 Upper 5,4,3 S 0 (0] AK, JH 21,33 1  5unmarked; Staff Gauge 92
3/25/05  Lower-2 S 6 0] KM, TP 21,33
4/8/05 Upper 5,4,3 S 0 O/R KM, TP 22,32 3 3unmarked, increase in
water velocity;Staff Gauge
167
4/8/05  Lower-2 S 20 O/R JH 22,32
4/14/05  Upper-5 S 0 O/R WW,JS,JH 22,32 2 2 unmarked; Staff Gauge 150
4/14/05  Upper-4 S 0 R WWJSJH 22,32
4/14/05  Upper-3 S 11 R WWJSJH 22,32
4/14/05  Lower-2 S 21 R KM, HK,KR 22,32
4/22/05  Upper-5 S 0 C Paul, Greg, PB  22/23,32 4 5unmarked; Staff Gauge 194
4/22/05  Upper-4 S 8 C Paul, Greg, PB  22/23,32
4/22/05  Upper-3 S 23 C Paul, Greg, PB  22/23,32
4/22/05  Lower-2 S 54 C KM, WW, HK  22/23,32
4/22/05  Lower-1 S 2 C KM, WW, HK  22/23,32
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Distance Weather Light Light  Temp

Stream name Date Reach surveyed Survey type®  Live codes” Observers® Codes® level® trans (C) Comments

Harris River 4/29/05 Upper-5 S 0 C PB,HK,KM 21,33
4/29/05 Upper-4 S 8 C PB,HK,KM 21,33
4/29/05 Upper-3 S 38 C PB,HK,KM 21,33
4/29/05 Lower-2 S 72 C TP, GM, PL 21,33
4/29/05 Lower-1 S 1 C TP, GM, PL 21,33
5/5/05 Upper-5 S 0 C JS 21,33 7
5/5/05 Upper-4 S 1 C JS 21,33
5/5/05 Upper-3 S 45 C KM 21,33
5/5/05 Lower-2 S 76 C KM 21,33
5/5/05 Lower-1 S no survey C 21,33
5/7/05  Fubar Creek S 0 C KM, AK 21,33 Walked Fubar Creek, water

low, saw zero fish;

5/13/05 Upper-5 S 0 R PB, GM, PL 23,33 8 Staff Gauge 8
5/13/05 Upper-4 S 3 R PB, GM, PL 23,33 Wolf sighted on gravel bar
5/13/05 Upper-3 S 14 R KM, ES, HK 23,33 Beaver sighted underwater
5/13/05 Lower-2 S 106 R KM, ES, HK 23,33
5/13/05 Lower-1 S no survey R 23,33
5/19/05 Upper-5 S 0 R HK, WW 22,32 6 Staff Gauge 142
5/19/05 Upper-4 S 4 R HK, Ww 22,32
5/19/05 Upper-3 S 19 R JS,JH 22,32
5/19/05 Lower-2 S 64 R JS,JH 22,32
5/19/05 Lower-1 S no survey R 22,32
5/25/05 Upper-5 S 0 C TP, GM 21,32 8 Staff Gauge 137
5/25/05 Upper-4 S 4 C TP, GM 21,32
5/25/05 Upper-3 S 11 C KM,PB 21,32
5/25/05 Lower-2 S 29 C KM,PB 21,32

Humpback Creek  4/22/05 1 .25 mi S 1 C GF,KR,JG, LL 23,32 Sechii disk 4 meters
4/22/05 2 25 mi S 3 C GF,KR,JG,LL 23,32 Sechii disk 4 meters
4/22/05 3 0.5 mi S 4 C GF,KR,JG,LL 23,32 Sechii disk 4 meters
4/22/05 4 1.0 mi S 0 C GF,KR,JG,LL 23,32 Sechii disk 4 meters
5/4/05 1 25 mi S 6 C SHH,GF, KR 22,33 4.5  Sechii disk 5 meters
5/4/05 2 .25 mi S 23 C SHH,GF, KR 22,33 4.5  Sechii disk 5 meters
5/4/05 3 0.5 mi S 9 C SHH,GF, KR 22,33 4.5  Sechii disk 5 meters
5/4/05 4 1.0 mi S 0 C SHH,GF, KR 22,33 4.5 Sechii disk 5 meters
5/17/05 1 25 mi S 4 C SHH,BP, GF 22,32 11.0 No Sechii data
5/17/05 2 25 mi S 12 C SHH,BP, GF 22,32 11.0 No Sechii data
5/17/05 3 0.5 mi S 5 C SHH,BP, GF 22,32 11.0 No Sechii data
5/17/05 4 1.0 mi S 0 C SHH,BP, GF 22,32 11.0 No Sechii data
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Distance Weather Light Light Temp
Stream name Date Reach surveyed Survey type®  Live codes” Observers® Codes® level® trans (C) Comments
Ketchikan Creek  04/27/05 1,2 25 mi S 11 C APWW, TJ 22,32 6.5 Staff Gauge 27.2 in., Sechii

disk 7 meters

04/27/05 3 25 mi S 10 C APWW, TJ 22,32 6.5 Sechii disk 7 meters, 6
steelhead below falls.

05/23/05 1 25 mi S 77 O SHH 22,33 9.0 Sechii disk 10 meters

05/23/05 2 25 mi S 15 0] SHH 22,33 9.0 Sechii disk 10 meters

05/23/05 3 25 mi S 2 O SHH 22,33 9.0 Sechii disk 10 meters

06/25/05 1 .25 mi S 0 C SHH 22,33 13.0 Survey conducted due to
chlorine spill at power
plant. 8 dead steelhead in
reach one. No Sechii disk
data.

06/25/05 2 25 mi S 3 C SHH 22,33

06/25/05 3 25 mi S 0 C SHH 22,33

05/27/03 3 S 7 0 SH, TB 22 9.0

McDonald Lake 04/26/05 1 0.5 mi S 13 C SHH,WW, AP 22,32 4.5 Sechii disk 5 meters
Creek

04/26/05 2 0.5 mi S 20 C SHH,WW, AP 22,32 4.5 Sechii disk 5 meters

04/26/05 3 0.5 mi S 13 C SHH,WW, AP 22,32 4.5 Sechii disk 5 meters

04/26/05 4 0.7 mi S 7 C SHH,WW, AP 22,32 4.5 Sechii disk 5 meters

05/11/05 1 0.5 mi S 55 0] GF,WW,TJ 21,33 8  Sechii disk 7.3 meters

05/11/05 2 0.5 mi S 20 0 GF,WW,TJ 21,33 8

05/11/05 3 0.5 mi S 29 0 GF,WW,TJ 21,33 8

05/11/05 4 0.7 mi S 30 e} GF,WW,TJ 21,33 8

05/25/05 1 0.5 mi S 15 C GF,WW,SH 21,32 9  Sechii disk 9 meters

05/25/05 2 0.5 mi S 21 C GF,WW,SHH 21,32 9

05/25/05 3 0.5 mi S 18 C GF,WW,SHH 21,32 9

05/25/05 4 0.7 mi S 19 C GF,WW,SHH 21,32 9
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Distance Weather Light Light Temp
Stream name Date Reach surveyed Survey type®  Live codes” Observers® Codes® level® trans (C) Comments
Petersburg Creek 04/26/05 1 S 72 C DF,VG,MM 22,32
04/26/05 2 S 73 C DF,VG,MM 22,32 9.0 Staff Gauge 14", Sechii
Disk 14ft shade/25ft sun
04/26/05 3 S 52 C DF,VG,MM 22,32
05/03/05 1 S 118 ] DF,VG,MM 22,33 9.0
05/03/05 2 S 78 ] DF,VG,MM 22,33 10.0 Staff Gauge -20", Sechii
Disk 20ft shade/20ftsun
05/03/05 3 S 173 0 DF,VG,MM 22,33
05/12/05 1 S 38 O.R DF,VG,RL 22,33 12.0 Light rain and overcast,
massive amounts of pollen
in and around water
05/12/05 2 S 36 ] DF,VG,RL 22,33 13.0 Staff Gauge -19.5", Sechii
Disk 18ft shade/19ft sun.
One net marked steelhead
noted.
05/12/05 3 S 74 ) DF,VG,RL 22,33
Peterson Creek 04/28/05 1 S 11 C BJ. JG, RH 22,31 8.0 Water level 13.25"; Sechii
Disk 3.0 meters
05/05/05 1 S 22 BG 9.0 Water level 18.5"
05/15/05 1 S 13 BG 12.0 Water level 19"
Pleasant Bay 04/29/05 1 S 36 (0] BG,JG,MS 21,32 8.0 Staff Gauge 17.0", Sechii
Disk 10+ meters
04/29/05 2 S 11 0O BG,JG,MS 21,32 7.0
05/06/05 1 S 30 BG 8.0 Staff Gauge 17.0", Sechii
Disk 10 meters
05/06/05 2 S 16 BG 8.0
05/17/05 1 S 5 BG Staff Gauge 16.5" Sechii
Disk 10 meters
05/17/05 2 S 8 BG
Ratz Creek (Big) 03/21/05 Length S 0 O,snow ACBPDB,ES 23,33 2 Length surveyed in all
2005=Trumpeter Lake to
weir
04/01/05 Length S 0 O,snow BP,AC,LP 23,31 4
04/07/05 Length S 13 0] BP,AC,DB 23,32 5
04/12/05 Length S 24 C BP,WW,KR,TT 22,31 5 weir to saltwater=0
04/22/05 Length S 19 C AC, KFTT 23,31 8 weir to saltwater=11
04/26/05 Length S 50 C AC,ES 23,33 9 weir to saltwater=7
05/02/05 Length S 85 (0] BP,KF,ES 23,33 9 weir to saltwater=15; small
trout in each hole-too many
to count
05/10/05 Length S 140 C BP,KR,ES,KF 23,33 12 weir to saltwater=24
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Distance Weather Light Light Temp
Stream name Date Reach surveyed Survey type®  Live codes” Observers® Codes" level® trans (C) Comments
Ratz Creek (Big) 05/17/05 Length S 99 C/O BPESWS,AC 23,33 10 weir to saltwater=3
05/24/05 Length S 77 0 KF,TT,BP 23,33 11  weir to saltwater=8
06/01/05 Length S 78 C KM,BP,KF 23,33 13
Sitkoh Creek 04/26/05 1 3264 S 9 C BC,TT,HR 12,22 6  Sechii disk 6/21 ft
04/26/05 2 6128' S 28 C BC,TT,HR 12
04/26/05 3 6800' S 82 C BC,TT,HR 12
05/10/05 1 S 9 C JN,JG,BG 22,23,33
05/10/05 2 S 44 C JN,JG,BG 22,23,33
05/10/05 3 S 176 Cc JN,JG,BG 22,23,33
05/10/05 4 S 26 Cc JN,JG,BG 22,23,33
05/10/05 1 S 9 C TT,BC,PR 22,23,33
05/10/05 2 S 46 C TT,BC,PR 22,23,33
05/10/05 3 S 176 C TT,BC,PR 22,23,33
05/10/05 4 S 28 C TT,BC,PR 22,23,33
05/10/05 1 S 6 C DL,RM,JL,AC 22,23,33
05/10/05 2 S 15 C DL,RM,JL,AC 22,23,33
05/10/05 3 S 109 C DL,RM,JL,AC  22,23,33
05/10/05 4 S 18 C DL,RMJL,AC 22,23,33
05/18/05 1 S 8 o/C TT,JAHR 22,33 11.5 Sechii Disk 11'/ 17
05/18/05 2 S 16 O/C TT,JAHR 22,33 11.5 Sechii Disk 11'/17'
Starrigavan 04/27/05 1 S 5 C HR,TT 21,31 6.4 Staff Gauge 10.7
Ward Creek 04/28/05 1 S 4 C KR,WW,MW 23,32 4.5 Sechii disk 4 meters
04/28/05 2 S 65 C KR,WW,MW 23,32 4.5 Sechii disk 4 meters
04/28/05 3 S 2 C KR,WW,MW 23,32 4.5 Sechii disk 4 meters
05/13/05 1 S 6 (0] KR,WW 22,33 8 Sechii disk 5 meters
05/13/05 2 S 136 0 KR,WW 22,33 8  Sechii disk 5 meters. Many
redds lake - swinging bridge
05/13/05 3 S 4 (0] KR,WW 22,33 8 Sechii disk 4 meters
05/24/05 1 S 9 0] SHH,WW 5.5 Sechii disk 5.5 meters
05/24/05 2 S 76 0 SHH,WW 55
05/24/05 3 S 0 0 SHH,WW 55
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Distance Weather Light Light Temp

Stream name Date Reach surveyed Survey type®  Live  codes® Observers® Codes’ level® trans (C) Comments

White River 04/25/05 1 1.5mi S 26 C KR,WW,AH 22,33 Sechii disk 4 meters
04/25/05 2 1.4 mi S 14 C KR,WW,AH 22,33 Sechii disk 4 meters
04/25/05 3 0.8 mi S 27 C KR,WW,AH 22,33 Sechii disk 4 meters
05/10/05 1 1.5 mi S 14 C SHH,WW,AH 23,33 10
05/10/05 2 1.4 mi S 7 C SHH,WW,AH 23,33 10  Sechii disk 10 meters
05/10/05 3 0.8 mi S 17 C SHH,WW,AH 23,33 10

2 S =snorkel, F = foot, R&R = rod and reel.
C =clear, O = overcast, R = rain, O/C = Overcast with breaks.

¢ Primary observer(s): MS (Mark Schwan), BG (Brian Glynn), AH (Amy Holm), MW (Mike Wood), BC (Bob Chadwick), GF (Glenn Freeman), RH (Roger Harding), TT (Troy
Tydingco), DF (Doug Fleming), VG (Vera Goudima), SHH (Steve Hoffman), JN (Jeff Nichols), JG (KTN: Jodi Goffinet), RM (Randy Mullen), DL (Dave Love), MM (Mary
Meucci), TB (Tom Brookover), HR (Heather Riggs), JL (Judy Lum), JG (JNU: Jason Gasper), AC (Ford Arm: Anne Chadwick), AC (Sitkoh: Anthony Crupi), KM (Kristopher
Maledy), ES (Elizabeth Smith), WW (Weston Wade), AP (Andy Piston), and KR (Kelly Reppert).

12 = fish present in the intertidal but not counted, 21 = excellent visibility, 22 = normal visibility, 23 = poor visibility, 31 = high water, 32 = normal water, 33 = low water.

¢ Light levels are EV values from a light meter calibrated to ASA 100.



Appendix A4.—Detailed analysis and discussion of calibration between snorkel counts and immigrant weir counts
at Sitkoh Creek, 2003-2005.

Snorkel survey expansion factors ("'t) for the various surveys conducted during 2003-2005 on Sitkoh Creek
were variable within and between snorkel survey teams and snorkel dates (Tables 3, 4, and 6). The “peak”
surveys were made by two Juneau teams in 2003 and 2004, and by the Sitka team in 2005; snorkel counts-to-

escapement expansion factors (7°t) for each were calculated. “Peak” counts did not coincide with the highest
instream abundance during 2003 and 2005, but did produce estimates of abundance (Nt) that included the true
annual escapement counts during the survey. Four methods for calculating an average (7 ) of k available yearly
expansion factors were used to calculate estimators ( Nt) for each of the three years of survey. These expansion

factors were then applied to the “peak” survey counts in each year to estimate: 1) I\]t based on average “peak”
snorkel count expansions (7 peak all) regardless of snorkel team, 2) Nt based on the average of all snorkel
count expansions ( 7 average all) for all teams, 3) I\]t based on average “peak” snorkel count expansions (7 peak

Sitka) for the Sitka team, and 4) I\]t based on average of all snorkel count expansions (77 average Sitka) for the
Sitka team (Table 8).

Ignoring team differences and using the expansion factors only for those surveys in 2003, 2004, and 2005 having
“peak” counts regardless of snorkel team (Method 1), the estimated abundance ( N ) was 430 fish (SD = 67.5, 95%

Cl =298-563) in 2003. This compares to the highest escapement in 2003 during “peak” surveys of 391 and 611
(weir count at time of the Sitka team survey) on 30 April and 20 May, respectively. Note that the 95% CI of 298-563
fish does not encompass the annual escapement based on weir count (biased but precise). In 2004, the estimated
abundance was 586 fish (SD = 92.0, 95% CI = 405-766), compared to a weir count on the day of survey of 692, and
an annual escapement of 764. In 2005, an estimate of 453 fish (SD = 71.1, Cl 95% = 314-592 fish) was calculated,
compared to 412 fish in the stream at the time of the survey and an annual escapement of 543. Estimates of
abundance based on Method 1 produced the second most precise confidence intervals that included the actual
escapement.

Estimates of abundance calculated by averaging all expansion factors for all surveys and teams (Method 3)
yielded the most accurate and precise estimates (Table 8). The averages of the “peak” counts (Method 2) and all
the counts (Method 4) that the Sitka team made produced the most variable estimates of all methods (unbiased
but imprecise). The Sitka team expansion factors calculated for 2003 were the most variable of all teams and
appeared to reduce precision when applied, on average, to other years of survey (Table 8).

Multiple teams making multiple surveys under different survey conditions throughout the spring steelhead
immigration would be necessary to evaluate and develop known-precision expansion factors for each team. Lacking
an excess of snorkel team staff time, comparison of the consistency of the observations by survey team was not
possible. However, the Sitka team surveyed more than any other team so that comparisons of their survey results
within and between years was possible. The Sitka team expansion factors were less variable during years subsequent
to 2003. If 2003 data are excluded and the “peak” Sitka team expansion factors are averaged (7 = 1.72) for surveys
conducted in 2004 and 2005, the most precise estimate of any of the methods above (Methods 1-4) can be

obtained using Method 1. “Peak” Sitka count in 2004 (329) times average 7 (1.72) gives N; of 567 fish (SD =

43.3, Cl =482-652). Note that the 95% CI around the estimator (Nt) does not include the annual escapement in
2004. However, the known escapement on the day of the survey does fall within the estimated confidence
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interval. In 2005, the estimated abundance was 446 fish (SD = 34.1) and the 95% CI was 379 to 513, which again
does not encompass the annual escapement based on weir count. This estimate is precise but biased low
compared to the true value because only a “high” count was obtained in 2004 and the “peak” count in 2005 for
team Sitka was obtained when instream abundance was not at its highest, thus biasing the estimator away from
the true (weir count) peak abundance.

Between years, snorkel surveyor’s efficacy at sighting fish after repeated surveys in the same system appears to
improve. For consistency, snorkel surveys on Sitkoh Creek were scheduled on approximately the same date each
year and made by the same snorkel team (the Sitka team) throughout most of the survey season. Conditions
varied for each date and snorkel year, but generally were good to excellent. Note the increase in the percentage
observed over time for the Sitka team, probably the most experienced team that surveys Sitkoh Creek. The Sitka
team observed 43% of all fish present in 2003, 57% in 2004 and 62% in 2005. This was not true for the other
snorkel teams, who surveyed only once each year. The average percentage of the escapement observed by these
teams was 51% in 2003, 44% in 2004 and 49% in 2005. The Sitka team surveys seemed to confirm that as
snorkelers’ experience increases, the precision of the survey count improves although the estimator may be biased
if the peak snorkel count doesn’t correspond to the peak instream abundance on the day the count was made.

Counts made during snorkel surveys in individual stream reaches appeared to be similar except when large
numbers of fish were encountered in the pools. The individual reach counts made during the survey on May 10,
2004, were similar for all reaches except in the deep water immediately upstream from the weir, which was
holding a large number of fish. Excluding this pool from the total survey count increased precision, indicating
that larger numbers of fish in deeper, faster water pools are more difficult to accurately count. Calculation of
expansion factors by stream reach would certainly identify reaches requiring more diligence during survey and
may help tighten the estimates.

Average observer efficiencies (proportion of total observed) on Sikoh Creek of 45% to 57% compare favorably to
other reported methods used on other systems. Observer efficiencies for a snorkel mark—recapture study designed
to estimate steelhead escapement on Cheakamus River, British Columbia varied from 0.03 to 0.61, and averaged
0.25 (Korman et al. 2002). However, a relatively small number of tagged fish were released into the survey area,
moved through at differing rates, and were more easily counted in the different survey reaches. The lower section
of their survey area was lower gradient, narrower and easier to survey, yielding average observer efficiency of
35%. Physical conditions during the Cheakamus River surveys explained most of the variation in observer
efficiency: discharge and visibility explained 69-78% of the variation. At Sitkoh Creek, the situation was
different. First, spawner arrival timing was known as essentially all fish were counted passing upstream and
downstream through the weir on an hourly basis. Second, the duration of time each fish spent in the system could
be determined prior to snorkel surveying by accounting for kelts that had already been counted. Third, inter-
annual variation in observer (snorkel team) efficiency could be quantified as the total number of fish present prior
to any given survey could be determined.

Most variation in aerial and foot survey counts is between observers and the bias is lowest when there is a single
observer (Jones Il et al. 1998). Likewise, observer efficiency for the snorkelers most familiar with Sitkoh Creek
(the Sitka team) increased from 2003 to 2005, as did the overall precision of their surveys (Tables 3, 4, and 6). For
pink and chum salmon, prior knowledge of a stream can improve accuracy in escapement counts (ADF&G 1964).
Three of the four other snorkel teams that were less familiar with Sitkoh Creek were less consistent in their counts
and generally counted fewer fish. Only the Juneau 1 team, another experienced snorkel team, counted similarly high
percentages of the total escapement. This increase in observer efficiency by the Sitka team may, in part, be due to

-continued-
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learning those sections of the river that likely hold steelhead, given that snorkel conditions during all years were
similar. Regardless of snorkel survey team, good survey conditions appeared to positively affect counts. When the
river was clear and water levels were low, the likelihood of experienced snorkel teams seeing more fish was
generally higher. Finally, the weir itself appeared to affect snorkel counts. By impeding downstream migration of
kelts, a dense school of steelhead adults may occur upstream from the weir as the run progresses. Because observers
tend to underestimate true values when large schools are present (Eicher 1953), observer efficiency should decrease
through time. A decrease in observer efficiency (the Sitka team) appears to be the case in 2004 and 2005, especially
above a minimum escapement of approximately 200 fish (Tables 4 and 6). If fish counted in the weir pool are
excluded from the overall snorkel count, the discrepancy between snorkel teams also appears to decrease for surveys
conducted the same day under identical survey conditions (Table 5)

While observer efficiency (precision) can be improved with experience, bias in snorkel surveys (at least on Sitkoh
Creek during 2003-2005) seems instead to be determined by timing of obtaining the “peak” snorkel count. Arrival
timing and stream residence time must be known in order to utilize snorkel surveys for accurately estimating total
abundance. On Sitkoh Creek during 2003-2005, a large number of kelts continued to leave the river while
immigration of fresh spawners was still occurring prior to about 20 May each year (Love and Harding In prep).
Consequently, peak surveys obtained early in emigration, while instream abundance was still high should have
produced a more accurate estimate of total escapement, although precision might be less due to difficulties such as
accurately counting large schools of fish. Thus, expansion factors for high or peak counts obtained prior to the
highest instream abundance should bias estimates of total escapement low. This appears to be the case if one
compares 2003 peak count to 2004 and 2005. It should be noted, however, that these estimates appear to be more
precise and 95% CI about the estimator appear to contain the instream abundance on the day of the survey.

Applying Method 2, wherein estimates of abundance were calculated by averaging all expansion factors for all
surveys and teams may be the best overall method as it is slightly more precise, but accurate enough to encompass
the range in expansion factors, corresponding abundance estimates, and total escapement. Ideally, experienced teams
familiar with the stream being surveyed should cross train with new survey teams and should conduct concurrent
surveys to cross-validate new survey teams’ survey techniques and minimize variation; however, given management
staff’s busy spring schedules, getting experienced survey teams to the index streams each year is not always

possible. Using Method 2, an estimate of abundance can be generated: three years (2003-2005) of weir (Nt) and
snorkel counts (Ct) are available from Sitkoh Creek. In 2003, the average survey count yielded 7z; = 2.33, and in
2004, the average expansion factor was 7y = 1.91. In 2005, the average snorkel survey yielded an expansion factor
of = = 1.87. Averaging these and calculating an abundance estimator based on the peak survey counts yield

estimates (Nt) of 501, 682 and 527 for 2003-2005. The 95% confidence intervals (za, 0.05=1.96) around the

estimates would be 378-624 for 2003, 515 to 850 for 2004 and 398-657 for 2005. The 2004 and 2005 confidence
intervals about these estimates encompassed the known escapement for those two years of survey, but not for 2003.
As the relationship between observer efficiency, bias and abundance can be quantified for the various snorkel teams,
team-specific correction factors under various fish densities and water conditions and for different reaches of the
stream can be developed. Future estimators using both peak expansion factors and average of all surveys should
calculated for comparative purposes. Comparisons to weir or other counting device counts on other index streams
should begin to provide total abundance estimates based on snorkel surveys for index streams in Southeast
Alaska.
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Table 8.—Escapement counts based on weir counts, estimators ( Nt) based on averages of snorkel survey expansion factors by year of survey, and SD of the

variance of the estimators ( Nt) based on averages of expansion factors for peak snorkel survey counts, average counts and for either the Sitka team or all teams
combined.

Year
Estimation Method 2003 2004 2005
Escapement (count above weir) 679 764 543
Method 1: Estimator ( N t) - peak counts, all teams 430 (67.5) 586 (92.0) 453 (71.1)
Method 2: Estimator ( N t) - peak counts, Sitka team 485 (113.8) 651 (152.8) 513 (120.3)
Method 3: Estimator ( N t) - average counts, all teams 501 (62.7) 682 (85.4) 527 (66.0)
Method 4: Estimator ( N t) - average counts, Sitka team 475 (110.6) 638 (148.5) 502 (116.9)
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Appendix B1.—Computer data files used to prepare and generate estimates for the Southeast Alaska Snorkel
Surveys of Regional Index Streams, 2004-2005. All files are organized on the Region 1-Douglas Sport Fish Server
under G:\Trout-SF\REGIONSH\SURVEY S\2005 REPORT\FDS_REPORT.

File Name Description

HOBO_TEMPS_05.XLS EXCEL spreadsheet with HOBO temperature data and graphs for
2004 and 2005.

SURVEY_DATA 97-05.XLS EXCEL spreadsheet with snorkel survey data for 1997-2005.

SNORKEL_CALIBRATE.XLS EXCEL spreadsheet containing data and analysis for snorkel
calibrations.

ALL SURVEY_APPEND TABLES.XLS EXCEL spreadsheet with detail survey data by year.
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