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Abstract

Arismendi I, Penaluna B, Soto D. 2011. Body condition indices as a rapid assessment of the abundance of introduced
salmonids in oligotrophic lakes of southern Chile. Lake Reserv Manage. 27:61-69.

In South America, salmonids have been widely introduced to lakes, yet there are still many oligotrophic lakes
without current abundance estimates. Catch per unit effort is a good estimator of fish abundance, but its correct
implementation requires an expensive and long-term effort. Thus, there is a need to develop a rapid assessment
to estimate the relative abundance of salmonids. Under well-delimited circumstances, condition indices may be a
good technique to estimate fish population relative abundances. We sampled adult salmonids with gillnets from 6
oligotrophic lakes in southern Chile during the Austral summer. Our data show that as rainbow trout condition indices
decrease, the abundance of salmonids increases both temporally and spatially. Because all 6 lakes are limited by
food, the most likely reason for the change in the rainbow trout condition indices is change in salmonid abundance.
The strong inverse relationship between condition indices of rainbow trout and the relative abundance of salmonids
suggests that our model can be a useful tool for the estimation of relative fish abundance in lakes. This study provides
a model that can be used to improve lake and fishery management decisions for introduced salmonids in southern
South America.
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Relative abundance, expressed as catch per unit effort
(CPUE), is often used as an index of population density.
Its correct implementation requires a long-term continuous
and systematic effort that implies a great expense (Murphy
and Willis 1996, Guy and Brown 2007). In South America,
the use of CPUE is limited because of a lack of long-term
management strategies and the relatively high cost of their
design and implementation. However, there is a current need
to better estimate the relative abundance of introduced game
species and thus improve the management of several emerg-
ing inland recreational fisheries in this part of the world

*Corresponding author: ivan.arismendi @oregonstate.edu

(Vigliano et al. 2000, Shrestha et al. 2002, Arismendi and
Nahuelhual 2007, Nuiiez and Niklitschek 2010).

In lakes of the Patagonia, salmonids (salmon and trout)
have been extensively introduced beginning in the early
1900s, resulting in rainbow trout (Oncorhynchus mykiss)
becoming (1) the most common fish (Soto et al. 2006, Aigo
et al. 2008); (2) self-sustaining (Soto et al. 2006); and (3)
the most desired fish to catch (Arismendi and Nahuelhual
2007). In Chile, further introductions of rainbow trout and
other salmonid species (Basulto 2003) began with modern
salmon aquaculture in the 1980s. Salmonid species are es-
caping from aquaculture net-pens and supplement the fish
stock available to anglers. These escaped fish include Coho
salmon (O. kisutch), Chinook salmon (O. tshawytscha) and
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Atlantic salmon (Salmo salar; Soto et al. 2006, Arismendi
et al. 2009). Abundance levels in some lakes may be at their
carrying capacity limit (Arismendi et al. 2009).

At present, the salmonid recreational fishery represents an
important economic activity in southern South America
(Vigliano et al. 2000, Arismendi and Nahuelhual 2007,
Nufiez and Niklitschek 2010), but many oligotrophic lakes
lack published information on the current abundances of in-
troduced salmonids (Pascual et al. 2002, Soto et al. 2006,
Aigo et al. 2008, Arismendi et al. 2009). Specifically in
Chile, at least 9 of the 15 lakes >10 km? in surface area
located 39-43°S lack fish abundance data. Previous stud-
ies also have resulted in data that are difficult to com-
pare because of varying use and application of capture
techniques (Quirds 1998, Soto et al. 2006, Baigin et al.
2007). Thus, there is a pressing need to rapidly estimate
the relative abundance of salmonid populations to effec-
tively manage those fish populations in southern South
America.

Condition indices have not previously been used to esti-
mate relative population abundances, but they may prove to
be a useful tool to estimate relative fish abundance under
well-delimited conditions. Because condition indices de-
pend mainly on both the relative abundance of food and the
number of individuals using the resource (Bennett 1970),
the well-being of the fish can be directly attributed to their
population abundance. Condition indices provide informa-
tion about the fish body, with a good condition indicating
favorable food availability or a sparse abundance of fishes,
and a poor condition indicating an overpopulation of fishes
(Bennett 1970, Blackwell et al. 2000).

Two body condition indices are widely used to measure the
well-being of fishes (Blackwell et al. 2000, Froese 2006):
Fulton’s condition factor or K factor (Ricker 1975), and
relative weight or Wr (Wege and Anderson 1978). The K
factor is the ratio between a fish’s weight and length raised
to the third power and works under the assumptions of iso-
metric growth that heavier fishes of a given length are in
better condition. The Wr index is the ratio between the ac-
tual fish weight and a standard weight for a fish of the same
length.

In general, “condition indices” have created ongoing con-
fusion about their correct application and interpretation
(Froese 2006) because they may depend on several vari-
ables. For instance, K factor may vary by season (Trudel et al.
2005), animal health status (e.g., Neff and Cargnelli 2004),
differences in growth rates between juvenile and adults (He
et al. 2008, Rennie and Verdon 2008), life-history changes
in the animal body form (e.g., during the reproductive sea-
son; Blackwell et al. 2000) and changes in food availability
(Pothoven et al. 2001, Rennie and Verdon 2008). However,

condition indices can be useful if used correctly by mini-
mizing sources of variability. For example, the K factor has
been used as an indicator of recent feeding activity (Cone
1989), body energy reserves (Neff and Cargnelli 2004,
Pangle and Sutton 2005, Herbinger and Friars 2008), en-
ergy densities (Trudel et al. 2005) and physiological con-
ditions (Rennie and Verdon 2008). In comparison, the ad-
vantages of Wr are that the standard weight compensates
for inherent changes in the body form, and its values can be
compared between fish of different lengths and from differ-
ent populations (Ney 1999, Blackwell et al. 2000). Recently,
condition indices have also been used to track recent ecolog-
ical declines in the well-being and growth of lake whitefish
(Coregonus clupeaformis) populations in the Great Lakes
(Pothoven et al. 2001, Lumb et al. 2007, DeBruyne et al.
2008).

In this study, we measure the well-being of adult rainbow
trout in temperate oligotrophic lakes of southern Chile using
2 body condition indices: K factor and Wr. Because histor-
ically the productivity of these lakes has been described as
limited (Thomasson 1963, Campos 1984, Soto 2002, Stein-
hart et al. 2002, De Los Rios and Soto 2007), we expect
that changes in K factor and Wr are a result of changes
in relative salmonid abundance rather than changes in food
availability. We hypothesize that both K and Wr indices of
rainbow trout will display a strong and inverse relationship
with relative salmonid abundance. Thus, if our hypothesis is
true, condition indices could be used as a rapid estimation of
relative salmonid abundance in temperate oligotrophic lakes
of southern South America. Fishery managers of these olig-
otrophic temperate lakes in southern Chile sought to identify
(1) the relative abundance of introduced salmonids in lakes
where there is a lack of biological information, (2) the poten-
tial for competition among salmonids species, and (3) how
net-pen escapees may influence the quality of recreational
fishery of rainbow trout.

Study sites

We sampled fishes from 6 lakes in the Araucanian Patag-
onian Lake District (Thomasson 1963, Campos 1984,
Geller 1992) of southern Chile, South America (39—
43°S; Fig. 1) because these lakes have the largest sur-
face area of all lakes in the region and are most fre-
quented for sport fishing in the region. In this area, the
climate is temperate with an annual range of precipita-
tion of 1300-2200 mm. All Araucanian Patagonian lakes
have common characteristics, including that they are (a)
of glacial origin with volcanic influence in the soils; (b)
deep (Zmax >100 m); (c) warm monomictic with ther-
mal stratification in the summer; (d) high in water trans-
parency; (e) low in salt and nutrient concentrations; and
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Figure 1.-Location of six lakes sampled in the Lakes District, southern Chile.

(f) oligotrophic with very low chlorophyll-a concentrations
(more limnology details are provided by Thomasson 1963,
Campos 1984, Geller 1992, Woelfl 2007). The 6 lakes
are located at 44-189 m a.s.l., with surface areas ranging
from 119 to 870 km? and mean depths between 76 and
191 m.

Materials and methods

Fish capture and condition indices

We conducted 4 fishing expeditions in each lake from 2000
through 2001. Previous samples for Lake Llanquihue were
included, adding an additional 19 fishing expeditions from

63



16: 25 15 March 2011

lvan] At:

Downl oaded By: [Arisnendi,

Arismendi et al.

1993 through 1999. For all fishing expeditions, we used
two 280 m long x 3.5 m deep experimental gillnets of
varying stretched mesh sizes (3.81, 7.62, 12.06 and 15.24
cm), positioned perpendicular to the shoreline of the lake
beginning at the water’s edge and checked every 4 h for 48
h. Captured salmonids were identified to species, weighed
(g) and measured (cm; total length). We defined CPUE as
the number of fish per fishing hour and used it as an indirect
measure of the population abundance. The sampled lakes
were large (surface area >119 km?), and the fishing effort
was a relatively short-time period; therefore, we did not
consider that fish populations were affected by our fishing
method.

We minimized the potential variability of other factors as-
sociated with fish condition indices so that rainbow trout
condition indices mainly depended on changes of salmonid
abundance. To reduce the influences of season (e.g. Trudel
et al. 2005) and the life-history changes in body form (e.g.
Blackwell et al. 2000), we used the information obtained
from salmonids captured only during the nonreproductive
summer season (Dec—Mar). Further, to avoid the influence
of differences in growth rates between juvenile and adults
(e.g. He et al. 2008, Rennie and Verdon 2008), we only
considered adult salmonids (>30 cm total length, the min-
imum take size allowed by the Chilean law). In addition,
because previous studies conducted in our study lakes re-
ported no evidence of potential diseases or health problems
in salmonid populations (Soto et al. 2006, Arismendi et al.
2009), we assumed no influence of fish health in the es-
timations of condition indices for this study (e.g. Neff and
Cargnelli 2004). Finally, because the lakes in southern Chile
are oligotrophic and have very low productivity (Thomasson
1963, Campos 1984, Soto 2002, Steinhart et al. 2002, De Los
Rios and Soto 2007), the salmonid diet is based on aquatic
insects, freshwater crabs and small-sized native fishes
(Arenas 1978, Campos 1984, Arismendi et al. 2009), and
most likely diets do not have the ability to change abruptly
because the available food resources are so limited. There-
fore, in our study we assumed that food availability has a
low potential to influence rainbow trout condition indices
(e.g., Pothoven et al. 2001, Rennie and Verdon 2008).

We determined the condition factor (K) for each fish cap-
tured (>30 cm total length) as

W
K = (E) x 100 1

where W represented actual fish weight (g) and L total length
(cm). The K factor was multiplied by 100 to get values near
unity. Also, for each rainbow trout individual (>30 cm total
length), the relative weight (Wr) was determined with the

I cainbow trout
[ Coho salmon
[E=1 Chinook salmon
EEE3 Atlantic salmon

proportion of salmonid species

lake

Figure 2.-Proportion of salmonid species found in the six lakes
sampled from the Lakes District, southern Chile.

following formula:

W, = W 100 2
,._<W>x )

where W was the actual fish weight, and Ws was the fish
standard weight for a fish of the same length. The Ws es-
timation was based on the equation provided by Simpkins
and Hubert (1996) for rainbow trout in lentic ecosystems.

Analysis

To show that the rainbow trout length comparison among
lakes is valid (He et al. 2008, Rennie and Verdon 2008),
we tested potential differences in the rainbow trout length
data using the nonparametric Kruskal-Wallis median test.
For Lake Llanquihue, we performed a simple regression
analysis between both condition indices and the total length
of rainbow trout. If no association was found between either
condition index and the total length of rainbow trout, then we
could assume that any change in a condition index was not
influenced by changes in the length distribution of rainbow
trout (e.g. to ensure that the increase in smaller fish that
must be recruiting to the population was not the cause of the
decrease in K and Wr).

To test our hypothesis, we performed a least squares simple
linear regression analysis with K factor and Wr of rainbow
trout as independent variables and CPUE of salmonids as the
dependent variable. We used the condition indices of rain-
bow trout as the independent variable in the model because
this species inhabits most of the Araucanian lakes (Soto
et al. 2006, Arismendi et al. 2009) and represented more
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Figure 3.-Rainbow trout relative length frequency (>30 cm) for the
six lakes sampled in the Lakes District, southern Chile. Each point
marks the center of the length class grouped every 5 cm.

than 70% of the salmonids caught in our study (Fig. 2). We
used CPUE of all salmonids (rainbow trout, Coho salmon,
Chinook salmon and Atlantic salmon) as the dependent vari-
able representing the abundance of all fish game species.
We have not presented Wr values for species other than
rainbow trout because there is no available information for
the estimation of their specific standard weight (Blackwell
et al. 2000); further, these other salmonids species had a low
CPUE.

Results

Rainbow trout had a similar length distribution among lakes,
with the highest proportion of individuals from 35 to 45 cm
(Fig. 3; P = 0.21). On a spatial scale among all 6 lakes,
we found strong evidence of a negative association between
the mean of both K factor and Wr of rainbow trout and
CPUE of salmonid species (Fig. 4). Specifically, a one-level
increase in the rainbow trout K factor was associated with
a decrease in mean CPUE of salmonids of 2.27 units; and
a one-level increase in the rainbow trout Wr was associated
with a decrease in mean CPUE of salmonids of 0.029 units.
Overall, the mean CPUE of salmonid species is explained
by 94% of the variation in the rainbow trout K factor and
91% of the variation in the rainbow trout Wr.

Rainbow trout (Fig. 5) and the other salmonid species (Coho
salmon, Chinook salmon and Atlantic salmon) had similar K
factor values ranging between 0.5 and 2.0. At Lake Llanqui-
hue, Chinook salmon had the higher K factor values (mean
1.18 £ 0.22 SE), followed by Coho salmon (mean 0.98 £+
0.01 SE) and then by Atlantic salmon (mean 0.88 £ 0.03
SE). At Lake Puyehue, we found higher K factor values for
Coho salmon (mean 1.18 £ 0.02 SE), followed by Chinook

1.00

< (a)

Yelcho

0.75 1

Puychue

0.50

Todos
Los Santos

0.25

0.00

65 70 75 80 85 90 95

Wr for rainbow trout

1.00
(b)

CPUE of salmonids (fish/h)

0.75

0.50 1

~ X .
0.25 1 Llanquihue !l. Los Santos
N

0.00

0.7 0.8 0.9 1.0 1.1 1.2
K factor for rainbow trout

Figure 4.-(a) Scatterplot of mean CPUE of salmonids (fish/h) and
mean Wr of rainbow trout with a 95% confidence interval band for
estimated means (dotted lines) in six lakes of southern Chile.
Simple linear regression model:

CPUE _salmonids = 2.89 — 0.029 x W;._rainbow_trout (R% = 0.93;
qu =0.91; P=0.002). (b) Scatterplot of mean CPUE of
salmonids (fish/h) and mean of K factor for rainbow trout with a
95% confidence interval band for estimated means (dotted lines) in
six lakes of southern Chile. Simple linear regression model:

CPUE _salmonids = 2.70 — 2.27 x K actor-rainbow._trout (R% = 0.95;
Riq = 0.94; P = 0.0009).

salmon (mean 1.11 #+ 0.01 SE) and then Atlantic salmon
(mean 0.92 + 0.03 SE). At Lake Rupanco, Coho salmon
had the highest k factor values (mean 1.29 £ 0.11 SE), fol-
lowed by Atlantic salmon (mean 1.09 &+ 0.03 SE) and then
Chinook salmon (mean 0.99 + 0.01 SE). At Lake Ranco,
the K factor values were highest for Atlantic salmon (mean
1.15 £ 0.05 SE), followed by Chinook salmon (mean 1.03
4 0.04 SE) and then by Coho salmon (mean 0.97 £ 0.05
SE). At Lake Yelcho, Atlantic salmon had a K factor of 0.96
+ 0.07 SE, and at Lake Todos Los Santos we did not find
any other salmonid species.
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Figure 5.-K factor and Wr condition indices of rainbow trout by
length (cm) in Lake Llanquihue.

For rainbow trout in Lake Llanquihue (Fig. 5), we did not
find an association between the total length and its K factor
(R? = 0.005; Rgdj =0.001; P =0.23 or its Wr condition in-
dex (R? = 0.002; Rgdj =0.001; P = 0.37). We also found an
increase in the capture of small trout over time (principally
30—45 cm TL; Fig. 6). But, similar to our spatial scale, a
temporal scale across years (1993-2001) showed a decreas-
ing trend in K factor and Wr of rainbow trout, whereas
the relative abundance of salmonids (CPUE) increased
(Fig. 7).

Discussion

The strong inverse relationship between condition indices
of rainbow trout and salmonid relative abundance (CPUE)
suggests that our model can be a useful tool as a rapid
estimation of relative fish abundance for management of
recreational fisheries. Our approach is valid as an index of
population density and has yet to be validated to estimate
absolute population sizes. Our data show that as rainbow
trout condition indices decrease, the relative abundance of
salmonids, expressed as CPUE, increases both temporally,
as is the case of Lake Llanquihue, and spatially, considering
the 6 sampled lakes. Because all 6 of these oligotrophic lakes
are limited by food (Thomasson 1963, Campos 1984, Soto

1992-1993 (n=15)

1995-1996 (n=22)

1997-1998 (n=47)

I 1999-2000 (n=74)

2001 (n=112

L

0.2

0.1

L

0.0
) N e} D o} D o} N N
B I U S IR SR

proportion of rainbow trout

length class (cm)

Figure 6.-Proportion of captured rainbow trout by length class
(grouped every 5 cm) over time in Lake Llanquihue.

2002, Steinhart et al. 2002, De Los Rios and Soto 2007),
the most likely reason for the change in the rainbow trout
condition indices is change in salmonid abundance.

The temporal patterns of salmonid abundance and rainbow
trout condition in Lake Llanquihue support the idea that a
decline in the condition of fishes in these lakes is coupled
with an increase in relative abundance. This suggests the
occurrence of density-dependent mechanisms such as those
proposed in the case of C. clupeaformis in Lake Michigan in
North America (DeBruyne et al. 2008). Density-dependent
reductions in rainbow trout condition indices can result from
competition for food, which is thought to be limiting in our
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Figure 7.-Yearly distribution of mean CPUE of salmonids (+SE;
fish/h) and mean of condition indices Wr (+SE) and K factor (+SE)
for rainbow trout (>30 cm) in Lake Llanquihue, southern Chile
between 1993 and 2001.

study sites. Many studies have suggested that food resources
may limit salmonid abundances in lakes (Lawrie and Rahrer
1972, Fausch and White 1986, Scott et al. 2003).

Although we show that rainbow trout condition is dependent
on salmonid abundance, the presence of more salmonids is
not the only factor that can limit fish condition. Other factors
that we did not consider can influence that relationship, such
as the season, animal health status, differential growth rates
between juvenile and adult fishes, life-history changes of
animal body form and food availability (Blackwell et al.
2000, Pothoven et al. 2001, Neff and Cargnelli 2004, Trudel
et al. 2005, He et al. 2008, Rennie and Verdon 2008). We
could not control for animal health, but we controlled for
season, fish size, fish growth and animal body forms by
limiting the scope of our study to the abundance of adult
salmonids during the Austral summer. Our results in the
range of lengths used here show no differences in the size
of salmonids among lakes. In Lake Llanquihue, trout size
does not influence any condition indices temporally. Further,
because our study took place in oligotrophic lakes shown in
previous studies,to have consistently low productivity, we
made a safe assumption that there was no change in food
availability. Our approach may simplify the study systems,
but our model has high predictive power showing that the
rainbow trout condition and relative abundance, expressed
as CPUE, are inextricably linked, and therefore one can be
used to predict the other.

Salmonid abundance levels estimated from our model could
be used by managers to influence stocking decisions and
fishing pressure. Using our model with potential creel
data from anglers’ trout catches (i.e., species identification,
weight and length sizes), fisheries managers could calculate
rainbow trout condition and estimate the relative abundance

of salmonids. Then, depending on lake-specific manage-
ment plans, managers would modify or adjust the fishing
regulations for the next fishing season (e.g., change the total
fishing quota, extend or restrict the fishing season period,
and/or change the size of trout that anglers are allowed to
keep). Increasing the individual fish size and the number and
well-being of fish caught may also result in economic ben-
efits (Lawrence 2005, Loomis 2006). Thus, by establishing
the specific goals for the next fishing season (e.g., increase in
trout relative abundance or improvements in trout condition
indices) and using additional lake-specific biological infor-
mation (e.g., species composition and length distributions),
fisheries managers can use an adaptive management based
approach to integrated lake management over time.

Specifically, our model can be used as part of an innovative
management approach for recreational fisheries and natu-
ral resource conservation in oligotrophic lakes in south-
ern South America to estimate the abundance of escaped
salmonids in a lake, especially as more lakes are being con-
sidered for in-lake aquaculture production (Leén-Mufiéz et
al. 2007, Arismendi et al. 2009). Salmonid invasions have
been extremely successful in southern South America (Pas-
cual et al. 2002, Soto et al. 2006, Arismendi et al. 2009),
and fisheries managers are in dire need of an effective man-
agement approach to manage recreational fisheries, espe-
cially because local and regional economies depend on these
recreational fisheries (Vigliano et al. 2000, Arismendi and
Nahuelhual 2007, Nuiiez and Niklitschek 2010).

In Lake Llanquihue, for example, if the management goal is
to improve the future condition of rainbow trout, then fish-
ery managers could promote an increase in the capture of
salmon species by extending the fishing season and increas-
ing the fish quota, especially Coho and Atlantic salmon,
which have not been found to have reproducing populations
in Southern Chile (Soto et al. 2006, Arismendi et al. 2009).
Our study showed an increase in salmonid relative abun-
dances and a decrease in the condition of rainbow trout over
time. As a consequence, anglers have started to lose interest
in Lake Llanquihue due to the current poor condition of the
rainbow trout (I. Arismendi, pers. observ.); thus, our model
could help set the harvest levels for fishery management
plans and help control aquaculture salmonid escapees (see
recommendations provided by Belle and Nash 2009). This
study provides insight into the management of lake systems
based on the importance of condition indices and the relative
abundance of salmonids in southern South America.
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