
712

Transactions of the American Fisheries Society 130:712–720, 2001
q Copyright by the American Fisheries Society 2001

COMMENTS

Comment: A Review of the Hatchery Programs for Pink
Salmon in Prince William Sound and Kodiak Island, Alaska

Recently, Hilborn and Eggers (2000) have as-
serted that hatcheries in Prince William Sound
(PWS), Alaska, have caused a decline in the pro-
ductivity of wild pink salmon Oncorhynchus gor-
buscha in PWS and that hatchery fish to a large
degree have replaced, not enhanced, pink salmon
returns. Pink salmon catches in PWS are currently
at historic highs, averaging 27 million fish per year
over the past decade. Over 85% of the harvest is
from a system of large hatcheries (Pinkerton 1994;
McNair 2000). There is concern that hatchery pro-
duction may have been deleterious to wild pink
salmon in PWS, complicating management and the
achievement of escapement goals and reducing
productivity (e.g., Tarbox and Bendock 1996). Hil-
born and Eggers estimate that more than 90% of
the recent annual production would have been at-
tained by wild stocks alone in the absence of hatch-
ery production. We, however, find compelling ev-
idence that hatchery fish have greatly increased
the total pink salmon harvest in PWS and that
Hilborn and Eggers’s estimates of wild stock pro-
ductivity in the hypothetical absence of hatchery
fish are not credible. While countervailing trends
in the abundance of wild and hatchery pink salmon
in PWS superficially appear to support Hilborn and
Eggers’s arguments, careful consideration of the
evidence indicates that the program has had sub-
stantial net benefits.

We address three central points of the Hilborn
and Eggers paper: (1) that retrospective analysis
indicates that the proportional increases in pink
salmon production in PWS have been similar to
those in regions of Alaska without major hatch-
eries, on the basis of which Hilborn and Eggers
conclude there is no evidence from between-region
comparisons that the large increases in the catch
in PWS were due to hatcheries; (2) that, because
wild stock productivity is correlated negatively
with the magnitude of fry releases from hatcheries,
wild stock fish would have produced more than
90% of the current record runs in PWS in the ab-
sence of hatcheries; and (3) that wild stock es-
capements (i.e., the number of reproducing wild
salmon) have declined due to deleterious inter-
actions with salmon released from hatcheries.

Proportionality Argument

Hilborn and Eggers retrospectively analyze the
total returns from 1965 to 1997 of pink salmon
from four regions of Alaska, Kodiak Island
(KOD), PWS, southeast Alaska (SEAK), and the
south Alaska Peninsula (SAP), to argue that in-
creases in pink salmon production have been more
or less proportional among regions. They sum-
marize this analysis by dividing this period into
approximately decadal periods: 1965–1975, 1976–
1985, and 1986–1997 (Hilborn and Eggers 2000;
Table 1). They selected these years because of the
relationship between salmon catches and climatic
conditions, which have been used to identify a
‘‘regime shift’’ in 1976–1977 from low productiv-
ity to high productivity for salmon in the Gulf of
Alaska (Mantua et al. 1997; Downton and Miller
1998). The first period thus corresponds to low-
production, ‘‘prehatchery‘‘conditions, the second
to high-production conditions when hatchery re-
leases were increasing but were of lesser magni-
tude, and the third to high-production conditions
when hatcheries in PWS were at full production.

Hilborn and Eggers argue that pink salmon have
increased in PWS due to a climate regime shift in
the Gulf of Alaska that has led to more favorable
oceanic survival conditions. They submit that sim-
ilar proportional increases have occurred among
all four major pink salmon regions since the 1965–
1975 period regardless of the extent of hatchery
production. However, their comparisons actually
indicate a wide range in proportional changes: 1.90
in KOD, 5.74 in PWS, 3.54 in SEAK, and 5.93 in
SAP (Hilborn and Eggers; Table 1).

We took a longer view of the decadal fluctua-
tions in pink salmon productivity to compare the
several regions of Alaska. A previous high-pro-
duction phase for Alaska salmon occurred in the
1930s and 1940s (Figure 1). Such fluctuations in
historical catch data have been used as a proxy for
total abundance (e.g., Beamish and Bouillon 1993;
Downton and Miller 1998). We examined catch
data from 1920 to 1999 (Byerley et al. 1999;
ADFG 2000) for correlations of annual and 10-
year moving average catches among regions and
to compare the relative production among regions
during periods of high productivity. We used mov-
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TABLE 1.—Years and magnitudes of productive-regime maximums and interregime minimums of 10-year average
catches of pink salmon for four regions of Alaska. Catch data are times 1,000. Data are from Byerly et al. (1999) and
ADFG (2000).

Region

Early-regime maximum

Years Catch

Interregime minimum

Years Catch

Current-regime maximum

Years Catch

Southeastern Alaska
Prince William Sound
Kodiak Island
South Alaska Peninsula

1933–1942
1938–1947
1934–1943
1934–1943

36,856
7,884
9,717
6,752

1967–1976
1951–1960
1950–1959
1966–1975

8,615
1,831
5,043

632

1990–1999
1990–1999
1990–1999
1990–1999

50,520
27,386
15,941
7,920

Figure 1.—Ten-year moving averages of pink salmon
catches in four regions of Alaska for the years 1920–
1999, scaled by the average annual catch in each region
for the entire time series. Averages are plotted for the
last year of the 10-year average; SEAK 5 Southeastern
Alaska, KOD 5 Kodiak Island, SAP 5 South Alaska
Peninsula, and PWS 5 Prince William Sound. Data are
from Byerly et al. (1999) and ADFG (2000).

ing averages to examine long-term trends that may
be masked by short-term (in this case, annual) var-
iability, and accounted for autocorrelation in as-
sessing statistical significance (Pyper and Peter-
man 1998). We selected a 10-year moving average
because Hilborn and Eggers compare periods of
approximately decadal duration.

We found that the historical variation of the har-
vest in PWS correlates significantly (P , 0.01)
with that of other regions in both short and long
term. Correlation coefficients were greater for the
moving averages, indicating high correspondence
for the long-term trend but with substantial inter-
annual variation among regions. The percentages
of variation explained (r2) in the temporal variation
in PWS catch data by the 10-year moving averages
for the other regions were 55% for SEAK, 64%
for KOD, and 63% for SAP. In contrast, r2 values
for the annual data were much lower: 32% for
SEAK, 6% for KOD, and 21% for SAP.

This interannual variation results in differences
in the timing of historical maximums and mini-
mums (Table 1). Peak production in the high-pro-
duction phase of the 1930s and 1940s occurred

several years later in PWS than in the other three
regions; historical minimums before the current
production phase occurred in the 1950s in PWS
and Kodiak, and in the 1970s in SEAK and SAP
(Table 1). Hilborn and Eggers use an arbitrary time
period as a basis for their comparisons of different
phases in the regional long-term trends. The sim-
ilarity of recent increases in SAP and PWS in their
comparisons (Hilborn and Eggers; Table 1) is an
artifact of the time periods they select.

The decade of the 1990s records the maximum
peak of both the current production phase and the
entire time series (Table 1). To determine whether
the different regions have comparable productivity
in different regimes, the appropriate contrast is
between the current peaks and the maximum pro-
duction of the prior high-production regime. When
we compared the high production of the 1990s to
the maximum catches of the prior regime, we
found that PWS production has increased substan-
tially more than that of the other three regions
(Figure 2). Although the other regions have in-
creased 1.2–1.6 times, PWS has attained a level
3.5 times its maximum in the previous high-pro-
duction phase. Contrary to Hilborn and Eggers’s
conclusions, the increase in total abundance in
PWS is disproportionately larger than in the other
regions, indicating substantial enhancement by the
hatchery fish. Also contrary to their conclusions,
much of this increase has occurred since the 1976–
1985 returns, and a substantial (30%) part of the
increase during the 1976–1985 period was already
due to hatchery production (Figure 2).

We agree with Hilborn and Eggers that wild pink
salmon production in PWS has changed dispro-
portionately to that of other areas of Alaska. In the
period 1976–1985, wild pink salmon catches were
1.3 times their prior historical (prior regime) max-
imums in PWS, compared with only 0.6 to 1.0
times in the other three regions (Figure 2). In the
1990s, catches of PWS wild stocks declined to 0.5
times their historical maximums, whereas catches
in the other regions increased to 1.2–1.3 times their
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Figure 2.—Ratios of average annual pink salmon
catches in four regions of Alaska for the time periods
1990–1999 (upper panel) and 1976–1985 (lower panel)
to the maximum 10-year average catch in the ‘‘early’’
(pre-1950) productive regime. Data are from Byerly et
al. (1999), ADFG (2000), and McNair (2000).

Figure 3.—Annual average index of returns per
spawner for brood years of pink salmon in two time
periods and four regions of Alaska. Annual averages
were computed by pooling total returns and total index
escapements. Data are from Hilborn and Eggers (2000),
Table 3.

historical maximums. Two competing hypotheses
could realistically explain these changes. Hilborn
and Eggers hypothesize that large-scale hatchery
production in PWS has caused the differential de-
cline. This hypothesis does not explain the differ-
entially greater increase of PWS wild stocks in the
1976–1985 period. The alternative hypothesis is
that the changes in wild stock productivity reflect
environmental variability and that the decrease in
wild stock production would have occurred inde-
pendently of the expansion of the hatchery pro-
gram. In fact, average returns per spawner in PWS
in 1976–1985 are by far the highest observed in
any region, and even after declining in the later
period are still the highest of any region (Figure
3).

If we accept Hilborn and Eggers’s argument that
hatcheries have caused the reduction in wild stocks
in PWS since the mid-1980s and assume that in
the absence of hatcheries these stocks would cur-
rently be as productive (relative to the high-pro-
duction phase of the 1930s and 1940s) as other
regions of Alaska, we calculate that without hatch-
ery production PWS wild stocks would have pro-
duced an average catch of 9.9 million in the 1990s.
Actual catches in PWS in the 1990s have averaged
27.4 million, for a net gain of at least 17.5 million
fish annually. If the changes in wild stock pro-
duction in PWS have been due to ecosystem
changes and are independent of the effects of salm-
on released from hatcheries, then the net gain from

the pink salmon enhancement program is the actual
catch of 23.7 million hatchery pink salmon.

Effects of Hatchery Releases on Wild Stock
Productivity

Hilborn and Eggers use a Ricker model of pink
salmon population dynamics to examine the his-
torical effects of escapement (spawning stock size)
and hatchery releases of fry on the production of
wild pink salmon. This model establishes a statis-
tical relationship of hatchery releases as an aux-
iliary variable affecting returns per spawner. Hil-
born and Eggers use the model to simulate wild
pink salmon production in PWS in the hypothetical
absence of hatcheries. The effect of the auxiliary
variable in the model is to decrease the produc-
tivity of wild spawners as hatchery releases in-
crease.

The outcome of the simulation is not credible.
The model produces simulated returns per spawner
of wild pink salmon that are more than double the
observed maximum for wild stocks in PWS (Hil-
born and Eggers; Table 5). We compared the actual
return per spawner data presented by Hilborn and
Eggers with the return per spawners estimated by
their model given observed escapements (Figure
4). Actual production in PWS for the 1977–1995
brood years did not exceed 11 returns per spawner
and averaged 5.4 returns. For brood years 1977–
1985, the maximum observed was 11 and the av-
erage was 7.0. This ratio is approximately con-
current with the period when catches of wild pink
salmon in PWS had increased relative to their his-
torical maximums to a level equal to that observed



715COMMENTS

Figure 4.—Frequency distribution of returns per
spawner of Prince William Sound pink salmon for the
1977–1995 brood years. Predicted returns are for the
Hilborn and Eggers model assuming no hatchery re-
leases and the observed escapement levels. Data are
from Hilborn and Eggers (2000), Table 5.

Figure 5.—Time series plots of residuals from Hilborn
and Eggers’s population dynamics model for Prince Wil-
liam Sound wild pink salmon. Data are from Hilborn
and Eggers (2000), Table 5.

in any of the other regions to date (Figure 2). Data
presented by Hilborn and Eggers (Figure 3, which
was plotted from Hilborn and Eggers’s Table 3)
show that the productivity of 1977–1985 brood
pink salmon in PWS was remarkably high, 2–3
times that observed in other regions of the state.
Yet Hilborn and Eggers estimate that, absent
hatcheries, there would have been 3 years of re-
turns in excess of 20 returns per spawner, including
2 years in excess of 30 returns per spawner (Figure
4). The average simulated return per spawner in
the absence of hatchery releases for the 1986–1995
brood years was 13.6 when Hilborn and Eggers
used observed escapements in their simulation
model. This level of productivity is far greater than
the actual average historical returns per spawner
observed in PWS and other pink-salmon-produc-
ing regions. Thus the wild pink salmon production
estimated by Hilborn and Eggers in the absence
of hatchery releases (17.5 million fish per year for
1986–1995 using observed escapements in their
simulation) is unrealistically high.

Examination of the Ricker a parameter for the
simulation model also indicated that the model is
unrealistic. In a survey of Ricker a parameters,
Myers et al. (1999) found that the average for 52
pink salmon populations was 3.4, with an SE of
0.07. A simple Ricker model for the observed PWS
returns from the 1977–1995 brood years, with no
hatchery auxiliary variable, estimates a at 6.3,
which is indicative of a very productive pink salm-
on stock. In the Hilborn and Eggers simulation,
the hatchery effect becomes a constant C, and a
is increased by C · a 5 a9, the ‘‘true’’ productivity
parameter for the population in the absence of
hatcheries. For Hilborn and Eggers’s simulated re-
sults, a9 is 20.6, a value far above one leading to

periodic cycles, chaotic dynamics, and even a high
likelihood of extinction in a fluctuating environ-
ment (Ricker 1954; Fagen and Smoker 1989;
Schaffer et al. 1986).

Bias in Hilborn and Eggers’s simulation may
result from the fact their model fits the data much
better for the early ‘‘low hatchery release years’’
(1977–1985 brood years) than for the later ‘‘high
hatchery release years’’ (1986–1995 brood years).
The average absolute residual for the early period
was 0.24; for the latter period it was almost three
times as high at 0.64 (Figure 5). This trend indi-
cates that some other factor may be having a large
effect on the spawner–recruit relationship.

Another possible reason for bias in their esti-
mate of stock productivity is their failure to con-
sider the effects of measurement error, which can
cause considerable positive bias in estimates of
productivity (Hilborn and Walters 1992; Ludwig
and Walters 1981). Measurement error in PWS es-
capement estimates is large both in observer
counts and in estimates of stream life (Bue et al.
1998a). In addition, there is substantial measure-
ment error in the allocation of catch between
hatchery and wild production, especially prior to
the representative tagging programs of hatchery
fish that began in 1988. Allocations of catch in
earlier years between production sources were es-
sentially educated guesses.

Hilborn and Eggers further bias their simulation
of PWS production in the absence of hatcheries
by adding 18% to their simulated production. Their
rationale for doing this is that it accounts for the
increases in returns per spawner seen in other re-
gions of Alaska over a period when returns per
spawner declined in PWS (Hilborn and Eggers’s
Table 3; our Figure 3). We note that even during
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Figure 6.—Prince William Sound (PWS) pink salmon
cumulative escapements for the 1965–1997 brood years.
Escapement data are from Morstad et al. (1998). The
cumulative escapement goal ranges established by
ADFG (Fried 1994) are indicated by the two horizontal
lines.

the ‘‘depressed’’ recent years, pink salmon in PWS
have had higher returns per spawner than other
regions. But more troublesome is that this adjust-
ment in returns per spawner is double counting: it
is added to simulated production that already has
increased returns per spawner to unprecedented
levels. Observed returns per spawner in PWS av-
eraged 7.0 for the 1977–1985 brood years. Using
observed escapements, the Hilborn and Eggers
simulation model estimates returns per spawner of
13.6 for the 1986–1995 brood years, an increase
of 94% over the 1977–1985 average. To add an
increment of 18% on top of this increase is clearly
inappropriate.

Escapement Declines

We disagree with Hilborn and Eggers’s assess-
ment that declines in average escapements of wild
stock in PWS have been caused by increased
hatchery production. We assert that the ‘‘decline’’
they identify was primarily due to the improved
capability of ADFG to enact its management pol-
icy and manage escapements within their defined
target ranges. Average escapements have been
lower for recent years than for the 1977–1985
brood years, but they have also been closer to man-
agement goals in recent years. However, Hilborn
and Eggers explicitly reject the proposition that
management policy and improvements in man-
agement resolution have influenced the decline in
escapements. They argue that a statistical rela-
tionship of escapement to total run strength is ev-
idence that run strength, not managed harvest, is
the determinant of escapements.

The cumulative escapement goal over all PWS
management districts is 1.4 million pink salmon.
Hilborn and Eggers (page 342) used an escapement
goal of 1.8 million pink salmon for PWS. This
apparent discrepancy is due to their recalculation
of the goal to account for the different assumptions
they used for stream life and the resultant expan-
sion of aerial survey counts (Doug Eggers, Alaska
Department of Fish and Game, personal commu-
nication). We used the published ADFG goals and
index escapements because these represent the ac-
tual management target and outcomes.

From 1979 to 1985 (near the beginning of the
hatchery era), escapements over several years were
extraordinarily high, consistently exceeding the
escapement goal range (Figure 6). The reasons for
the high escapements are complex, but in large
part they were a consequence of restricted harvests
owing to conservative management (due, in turn,
to the inability of managers to separate the hatch-

ery and wild components of the catch), strikes by
fishermen over price disputes in three seasons, and
limitations on harvests imposed by processing ca-
pability as total runs increased in PWS. To provide
better management resolution of hatchery and wild
catch composition, ADFG and hatchery operators
began representative marking of hatchery salmon
with coded-wire microtags (Peltz and Miller
1990), which allowed the fishing fleet to target
hatchery fish more effectively through improve-
ments in time-area management. In the 1990s,
coded-wire tagging was supplanted by mass mark-
ing of hatchery pink salmon with otolith thermal
marks, which further improved discrimination be-
tween hatchery and wild fish in the harvest.

When we examine cumulative escapements in
PWS relative to escapement goals, we find clear
evidence that management success in PWS has im-
proved during the ‘‘hatchery’’ era. Management
objectives in PWS are actually expressed as a 10%
range around a point goal (Fried 1994). Before the
regime-shift years defined by Hilborn and Eggers
and before any hatchery enhancement in PWS, cu-
mulative escapements rarely fell in the escapement
range; during the 1963–1976 brood years (1965–
1978 return years), 3 of 14 (21%) escapements
were within the range, and the 11 other escape-
ments were below the range (Figure 6). During the
1977–1985 brood years (1979–1987 return years),
which constitute the ‘‘good’’ years in Hilborn and
Eggers’s assessment of escapements, only 1 of 9
(11%) escapements was within the management
range; 7 were above the range, and 1 was below
(Figure 6). During the 1986–1995 brood years
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(1988–1997 return years), 5 of 10 (50%) escape-
ments were within the management range, 1 was
above the range, and 4 were below (Figure 6). An
increasing ability to manage more precisely for
escapement goals is also apparent from Figure 10
in Hilborn and Eggers (2000); in six of seven dis-
tricts, the absolute deviations from the escapement
goals have been less since 1986 than in previous
periods, including the years of overescapement in
the first half of the 1980s.

The impression given by Hilborn and Eggers is
that consistently exceeding the PWS escapement
goal in the early 1980s was good and that decline
from these high escapements has been a negative
impact of hatchery interactions. This argument
contradicts the long-standing paradigm of pink
salmon harvest management that overescapement
of pink salmon triggers density-dependent reduc-
tions in returns per spawner. Hilborn and Eggers’s
analysis is actually an argument for higher es-
capement goals, not hatchery-induced escapement
decline; certainly their production model indicates
a higher maximum-sustained-yield escapement.
Yet nowhere in their article do they advocate in-
creasing escapement goals. Instead, they imply
that the large investment and effort directed at
meeting existing ADFG escapement goals through
improving management resolution and the regu-
lation of fishing effort have had no effect, and they
conclude that escapement is simply an outcome of
run size.

We are not surprised that Hilborn and Eggers
find a significant relationship between run size and
escapements. Harvest management is not perfect;
it is difficult to balance the need to assess run
strength and provide harvest opportunities for both
hatchery and wild stocks with varying productivity
with meeting district-specific escapement goals.
Larger runs will tend to have larger escapements
and smaller runs smaller escapements, resulting in
a historical relationship between escapement and
run strength. However, this statistical tendency
should not be interpreted to mean that management
efforts do not affect the realized escapements.

Alternate Explanations for PWS Wild Stock
Declines

As Hilborn and Eggers note, the possibility ex-
ists that wild pink salmon stocks have declined in
PWS from their high abundance in the early 1980s
due to factors other than hatchery interactions. Cli-
mate change and oceanographic conditions may
have caused differences in production cycles be-
tween regions; synchrony in the production history

is not perfect, and substantial interannual variation
occurs (Table 1; Figure 1). In PWS, hatchery sur-
vivals have declined over the time periods ex-
amined by Hilborn and Eggers, averaging 5.8%
for the 1976–1985 brood years and 3.7% for the
1986–1995 brood years (Morstad et al. 1998). If
we assume that hatchery survival is an indicator
of wild stock survival, this 36% reduction in sur-
vival can explain virtually all of the reduction in
returns per spawner for the latter years. The change
in marine survival could have been symptomatic
of density-dependent interactions with increasing
numbers of hatchery fish, as proposed by Hilborn
and Eggers. However, the reduction could also be
a density-independent response to declines in zoo-
plankton production in PWS. Since 1986, indices
of spring zooplankton abundance have declined by
45% on average relative to the early 1980s when
hatchery marine survivals and wild stock returns
per spawner were high (T. Cooney, University of
Alaska–Fairbanks, and D. Reggianni, Prince Wil-
liam Sound Aquaculture Corporation, personal
communications). Because the combined abun-
dance of hatchery and wild salmon fry has only a
minimal predatory impact on PWS zooplankton
(Cooney 1993), large fluctuations in zooplankton
abundance probably have strong density-indepen-
dent impacts on pink salmon growth and marine
survival.

Changes in predator populations may also have
affected the survival of pink salmon in PWS. Wil-
lette et al. (1999) found that Pacific herring and
walleye pollock were the primary predators on ju-
venile salmon and that their predation rates on
salmon were a function of the availability of large
copepods. Pacific herring populations in PWS have
fluctuated dramatically, experiencing large in-
creases in biomass in the late 1980s and early
1990s followed by a collapse in 1993 (Marty et
al. 1998). Hydroacoustic surveys have also indi-
cated large increases in walleye pollock biomass
in PWS (Bechtol 1999).

Another event in PWS during the ‘‘hatchery’’
era that could have affected wild stock productiv-
ity was the Exxon Valdez oil spill in 1989. A sim-
ilar ‘‘before and after’’ comparison to the one Hil-
born and Eggers used to argue that hatcheries have
disproportionately depressed returns per spawner
in PWS relative to other regions (e.g., Figure 3)
can be applied to demonstrate that the oil spill
caused the decline. Returns per spawner for the
1977–1988 broods averaged 6.5. For the 1989–
1995 broods spawning after the oil spill, returns
per spawner averaged 3.7, a 43% decline that was
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not observed in regions of Alaska not affected by
the spill. Hilborn and Eggers point out that the
maximum spill-induced losses estimated in the lit-
erature (Geiger et al. 1996) are too small to be
detected on a PWS-wide basis. However, in the
heavily-oiled Southwest District of PWS, Bue et
al. (1998b) found elevated embryo mortality in
oiled streams two generations after oiling. Heintz
et al. (1999, 2000) showed that embryonic expo-
sure to weathered oil not only results in elevated
embryo mortality but also causes reduced growth
and survival of individuals after incubation. Such
indirect losses were a possibility that Geiger et al.
(1996) specifically noted as a potentially large
source of mortality not considered in their loss
estimates. We agree that such effects might not be
detectable in the aggregate production of pink
salmon in PWS, but they would reduce returns per
spawner on a site-specific basis and should be con-
sidered in comparisons of productivity among dis-
tricts in PWS. We also note that simple time series
comparisons can lead to simple, but not necessarily
robust, conclusions.

How can we determine if declines in wild stock
productivity in PWS are due to hatchery interac-
tions or to some other ecosystem change? Both
retrospective and empirical studies are needed.
The retrospective population dynamics model of
Hilborn and Eggers should be expanded to include
a broad array of environmental variables. We are
currently compiling historical data sets for such
factors as temperature during different life history
phases, spring zooplankton abundance, and pred-
ator populations in PWS to examine their effects
relative to the magnitude of hatchery smolt re-
leases on the productivity of the PWS wild stock.

The distribution of hatchery pink salmon in
PWS provides an excellent opportunity for em-
pirical research on the impacts of hatchery fish on
wild stock productivity. The proportion of stray
hatchery fish in streams in the Eastern and South-
eastern districts of PWS is low, whereas in some
streams in the western districts it is very high
(Joyce and Evans 1999; Timothy L. Joyce, un-
published data). Similarly, the potential for inter-
action of wild and hatchery juveniles in nearshore
marine habitats is much greater for wild popula-
tions in the western districts that are near hatch-
eries than for those in the Eastern and Southeastern
districts. If straying and genetic introgression or
competition in the marine environment have
caused the decline in productivity, then very dif-
ferent responses in the different regions of PWS
should be observable. A carefully designed study

comparing spawning success, fry production, and
marine survival between several wild populations
exposed to different levels of interactions with
hatchery fish could quantitatively address the de-
gree of impacts.

Conclusions

Although Hilborn and Eggers have raised im-
portant concerns in their paper, their conclusion
that hatchery pink salmon production in PWS has
been a replacement rather than an enhancement of
wild production is not justified and does not pro-
vide good guidance to policy makers. If Hilborn
and Eggers were correct and their ‘‘best estimate’’
of a 2-million-fish increase in total production an-
nually due to hatcheries were credible, then Hil-
born’s (1992) call for termination of the PWS
hatchery program should be seriously considered.
However, Hilborn and Eggers have greatly over-
estimated the potential for production by naturally
spawning pink salmon in PWS and as a result have
greatly underestimated net hatchery production.
We estimated the net annual gain in the catch of
pink salmon from PWS hatcheries to be 17.5–23.7
million, a range dependent on whether changes in
productivity of PWS wild stocks have been due to
interactions with hatchery fish or to ecosystem
changes independent of the effects of pink salmon
released from hatcheries. Thus, the situation is
more complex than is implied by Hilborn and Eg-
gers’s overstatement of potential wild stock pro-
duction; the enhancement program provides large
benefits, but these benefits may have come with
some degree of impact on wild stocks. Policy mak-
ers and managers need good information on the
interactions of hatchery and wild fish to define
better the impacts on wild populations, so that they
can develop management policies that minimize
the impacts while gaining the substantial benefits.
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COMMENTS

A Review of the Hatchery Programs for Pink Salmon in Prince
William Sound and Kodiak Island, Alaska:

Response to Comment

Wertheimer et al. (2001) raise a number of issues
regarding the analysis in our paper. There are two
competing hypotheses that we test in our paper.
The first hypothesis is that large hatchery pro-
grams such as the Prince William Sound (PWS)
pink salmon hatcheries significantly increase the
total production by augmenting wild production.
The competing hypothesis is that in places where
there are substantial wild stocks large hatchery
programs primarily replace rather than augment
wild production. We will refer to these hypotheses
as augmentation and replacement.

PWS offers an excellent opportunity to test the
augmentation and replacement hypotheses because
there are before-and-after data and three other ar-
eas (Kodiak Island, Southeast Alaska, and the
South Alaska Peninsula) with substantial wild pro-
duction and no major hatchery programs. The data
for these areas are given in Hilborn and Eggers
(2000), but the major data for each area are Mor-
stad et al. (1998) for Prince William Sound, Bren-
nan et al. (2000) for Kodiak Island, ADFG (1997)
for Southeast Alaska, and Campbell et al. (1998)
for the South Alaska Peninsula. The major com-
plicating factor in the data available is the regime
shift in 1977 that caused production in all areas
to rise.

If either hypothesis is correct, one should be
able to see a strong signal; as the aphorism goes,

if you need statistics then there isn’t a very big
effect. Figure 1 shows the 5-year running average
of total returns to the four systems. In this figure,
area A is Prince William Sound, area B is Kodiak
Island, area C is the South Alaska Peninsula, and
area D is Southeast Alaska. We showed this graph
to 18 individuals and asked them if it was obvious
which of the four areas showed a major increase
that was consistent with a large hatchery program
adding to production; we then asked them to guess
in which area and when the increase in production
occurred. Only one respondent thought it was ob-
vious and pointed to area A (which is PWS). Sev-
eral others guessed area A having said it was not
obvious. All who guessed area A pointed to the
beginning of the increase (labeled ‘‘guess’’) as
where they thought the hatchery program started
increasing production. None identified the correct
location in time. Because the augmentation hy-
pothesis fails this simple test, it is not at all obvious
where there was a large augmentation in natural
production.

We then showed the same people Figure 2,
which is the wild production, and asked each per-
son if it was obvious where one of the areas saw
a significant decline; the area designations are the
same. All but one of those interviewed said it was
obvious, and all pointed to area A (Prince William
Sound) and correctly identified when hatchery pro-
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Figure 1.—Five-year running averages of total pink salmon returns in four Alaska areas. Area A 5 Prince William
Sound, Area B 5 Kodiak Island, Area C 5 the South Alaska Peninsula, and Area D 5 Southeast Alaska.

Figure 2.—Five-year running averages of wild stock returns in four Alaska areas.
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Figure 3.—Five-year running averages of total wild
and hatchery returns to Prince William Sound. The more
heavily shaded area represents wild returns, the lighter
area hatchery returns.

duction became large. Because the replacement
hypothesis passes the test, it is obvious where wild
production declined.

Figure 3 shows the total return of pink salmon
in PWS and the wild and hatchery components.
This picture is the simplest, clearest way imag-
inable to show replacement rather than augmen-
tation. The pattern is exactly what one would have
predicted under the replacement hypothesis. How-
ever, because Wertheimer et al. raise a number of
technical points, we will address them.

Proportionality

Wertheimer et al. argue that we have underes-
timated the increase in production due to hatch-
eries since the pink salmon in PWS have increased
more from the previous peak production period in
the 1930s and 1940s than the other three areas
have. We do not dispute that the catch in PWS in
the 1990s was proportionally higher (compared
with that in the 1930s and 1940s) than in the other
areas, but there are four fundamental flaws in their
argument.

First, their argument requires that all areas were
equally exploited in the the 1930s–1940s base pe-
riod. During this period there were a number of
constraints on harvest and processing that differed
among areas. These included the length of the fish-
ing season and the weekly closed periods. The base
period of high PWS catches included substantial
constraints imposed by World War II.

Second, their argument assumes that the pro-
ductive potential for PWS did not change between
the 1930s and the 1990s. In fact, pink salmon hab-
itat was substantially altered by the 1964 earth-
quake. There were some direct negative impacts
on the 1963 brood alevins in the streambed due to
the exposure, shaking, and tsunamic effects. How-

ever, there were substantial new spawning areas
created due to the general uplift of the PWS area
(Noerenberg and Ossiander 1964). It is quite pos-
sible that the potential productivity of PWS is
higher now relative to that of the other areas.

In addition, the pink salmon stocks during the
base years assumed by Wertheimer et al. may have
exhibited the effects of overfishing, and the catch-
es observed were probably below the productive
potential of the stock. During this time, the har-
vesting of salmon was constrained by market con-
ditions, fishing seasons, and a mandatory weekly
closed period that was 48 h in PWS and 36 h
elsewhere. Fisheries were closed by regulation,
generally before the runs were complete, and par-
ticularly so in PWS. Fishing was concentrated both
by harvesting practices and by regulations on the
early portions of the run. In Southeast Alaska, the
pink salmon runs became progressively later and
later in response to the selective fishing (Vaughan
1942, 1947; Alexandirsdottir 1987). The increas-
ing lateness of the run timing in Southeast Alaska
was noticeable in the 1920s. In response to the
declining early runs and intense lobbying by the
Alaska canning industry cartel, fishing seasons
were extended in Prince William Sound and in
Southeast Alaska from the mid-1930s until the late
1940s (Cooley 1963). This action suggested a se-
quential overfishing, first on early portions of the
run and then on later portions. The effects of this
selective fishing on the early portions of the run
were apparent in the observed timing at the Sashin
Creek, Southeast Alaska, weir. The timing of the
pink salmon run past the weir during the late-1940s
was 2 to 3 weeks later than that observed in 1960s
and 1970s (Heard 1978; Vallion et al. 1981). The
number of eggs surviving to become migrating fry
was inversely related to the entry timing of spawn-
ers (Skud 1958), suggesting a loss of population
fitness due to selective fishing that would exac-
erbate the loss of production due to overfishing
(Alexandersdottir 1987). By the 1950s the pink
salmon runs in Prince William Sound, Southeast
Alaska, and elsewhere were overfished and de-
pleted. Although there are no direct observations
on the effects of selective fishing on the early por-
tion of the pink salmon run in PWS, the nature of
the fisheries and management were comparable to
those in Southeast Alaska. The effects of over-
fishing were very apparent in Prince William
Sound with the extremely depleted pink salmon
runs of the 1950s. The preseason run projections
for PWS in 1952, 1954, and 1955 were so low that
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the general fishing district was closed by regula-
tion, effectively canceling the fishery.

Third, Wertheimer et al. ignore the fact that the
high production of pink salmon in the 1990s that
was built largely on hatchery fish was matched in
the 1980s by wild production. The 1984 return of
23.5 million wild fish is larger than the average
hatchery production of the 1990s. Wild returns in
the early 1980s were growing rapidly while the
hatchery program was in its infancy. There is every
reason to believe that the production seen in the
1990s from hatcheries (with some wild contribu-
tion) could have been equaled by wild production
alone because this level of production was nearly
achieved in the mid-1980s.

Finally, while PWS total production declined in
the 1990s, wild production in the other three areas
has grown. This indicates that the wild runs of
20224 million in 1983 and 1984 in PWS could
have been even larger in the 1990s.

Pink Salmon Production Model

Wertheimer et al. argue that our quantitative
model is not credible because of the high estimated
value of recruits per spawner at very low densities.
There are two flaws in their argument. First, the
estimated spawning numbers in PWS are in fact
an index, and the real number of spawners is cer-
tainly higher. Thus, the estimated recruits per
spawner that Wertheimer et al. argue are not cred-
ible should be interpreted as relative recruits per
spawner, not as absolute ones; thus, high values
may indeed be credible.

Second, between 1977 and 1983 the PWS wild
stock produced an average of 8.2 recruits per
spawner with average spawning stock sizes of 2.1
million spawners, and this production was in the
presence of growing but still small hatchery re-
leases. While Wertheimer et al. focus on the tech-
nical details of our model, we are simply saying
that if the high number of wild recruits per spawner
had been maintained in PWS (as it has in the other
pink salmon areas), then wild production alone in
the 1990s would have been nearly equal to that
attained in PWS by hatchery and wild fish during
this period.

Escapement Declines

We find the arguments of Wertheimer et al. on
this point almost totally irrelevant. When the wild
stocks rebuilt in the late 1970s, escapements were
well above the published escapement goal. The
wild stocks produced extremely well at these es-
capements, and any analysis of spawner recruit

data would have indicated that higher escapement
goals were appropriate. The only important ques-
tion is what would have happened in the late 1980s
and 1990s if wild stock returns had remained high.
There are three hypotheses: (1) that escapement is
largely a function of returns and escapements
would have continued to be high; (2) that managers
would have raised the escapement goals as large
escapements consistently produced good returns;
or (3) that managers would have ignored the data
they had in hand and would have reduced escape-
ment. We find it hard to believe that competent
fisheries managers would have followed the third
option.

Conclusions

The three technical issues that Wertheimer et al.
raise are easily rebutted. There is no question that
wild stock production had already increased prior
to the large hatchery production and if that wild
production had been maintained or even grown in
the 1990s, as it did in the other three pink salmon
areas, then PWS would now be producing strong
wild runs without hatcheries. There is no question
that the decline of wild production took place ex-
actly at the time that hatchery production became
significant. This pattern is exactly what would
have been predicted by the replacement hypothe-
sis.The PWS data, combined with the other three
areas, provides strong evidence for the replace-
ment hypothesis.
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