Abiotic control of brown trout (Salmo trutta L.) population dynamics by
highly variable stream flow regimes in a central Iberian mountain basin.

C. Alonso-Gonzalez, D. Garcia de Jalén, J. Gortazar & D. Baeza Sanz
Technical School of Forest Engineering, Polytechnic University of Madrid, Madrid, Spain

ABSTRACT: The main objective of this study is to find out effects of natural variability of stream flow re-
gimes on the principal parameters of a brown trout (Salmo trutta L.) population. Following the work hypothe-
sis from which highly variable hydrological conditions can lead to a clearer response of the population, works
were conducted in a high mountain basin in Central Iberian Peninsula, characterized by a continental climate
and variable natural flow regimes. Both population dynamics parameters and hydrological regimes were esti-
mated annually in fourteen sampling stations spread in the whole basin during a period of five years, between
1998 and 2002. Correlations between hydrological and population variables were analysed and statistical sig-
nificance tests were conducted. Four strong linear relationships were detected: two of them describing a link
between young-of-the-year recruitment and flow variables; and other two relating mean fork length of age
classes 0+ and 1+ to hydrological variables. Meaning of the observed relations is discussed and implications

for river related resources management, as well as for further research, are proposed.

1 INTRODUCTION

“Changes in salmonid population densities are
largely due to negative density-dependent factors in
favourable habitats with high densities, and to den-
sity-independent factors in unfavourable habitats
with low density” (Elliott 1994). Following the
above-mentioned reference, the effects of stream
flow regimes on the limitation of some population
dynamics parameters are expected to be more pro-
nounced in a high mountain watershed with such an
intraannual variability of hydrological regimes like
upper river Tormes basin. This little predictable flow
regime suggests that there might be a kind of abiotic
population control based on the influence of flow on
survival and growth of individuals integrating each
cohort (Baeza Sanz & Garcia de Jalon 1997).

Stream flow regime, through its mean values (af-
fecting the carrying capacity and suitable habitat) as
well as its extreme values (floods and droughts), is
known to act as an important abiotic factor in the
environmental limitation of brown trout populations.
The limitation and control of population parameters
produced by catastrophic events of the stream flow
regime has been profusely studied by several au-
thors. Extreme minimum values of flow regimes re-
flect the intensity of droughts, and can affect indi-
vidual growth (Weatherley et al. 1991), density

(Elliott et al. 1997; Bell et al. 2000) and shelter
availability by brown trout (Elliott 2000). In a simi-
lar way, extreme maximum flows appear to have an
important role in riverine fish population control.
Thus, floods during snowmelt periods govern sur-
vival (Jensen & Johnsen 1999) and recruitment of
salmonids (Latterell et al. 1998). It appears to be
clear that every study on the effect of stream flow
natural variability has to be focussed in each stage of
first year of life of the individuals of the population
(Cattanéo et al. 2002). In this context, annual flow
regime data were studied in the present work after
establishing three periods: (1) spawning till emer-
gence of fry, (2) emergence till first summer of life,
and (3) the whole year before till the date when
sampling campaigns took place.

This work has been planned on the basis of taking
into account the response of a whole brown trout
population inhabiting a basin, supposing that the
whole population might reflect more accurately the
variability of flow regimes through time than iso-
lated studies of a single reach.

In summary the main objective of the present
work is to find out effects of natural variability of
stream flow regimes on the principal parameters of
the dynamics of a brown trout population, following
the work hypothesis from which highly variable hy-
drological conditions can lead to a clearer response
from the population.



2 STUDY AREAS

The study area (mean altitude 1200 m; area ca. 900
km?) involves the basin of the upper river Tormes, in
the Northern slope of Sierra de Gredos Mountains,
in central Spain (40°20°N; 5°42°W). The situation of
the basin and its altitude put it under a highly vari-
able continental climate. Mean air temperatures
range intra-annually between —1 and 18 °C, and an-
nual rainfall regime (mean value ca. 850 mm) has a
marked minimum in summer (ca. 20 mm) and local
maxima in autumn-winter. Geologically, the study
basin is located in a great batholith with a relative
uniform mineralogical granite composition. The
vegetal structure of the basin is made of a series of
extended grazing lands with Scotch pine (Pinus syl-
vestris) forests and meadows when nearing the low-
est points of the slopes.

The river Tormes (tributary of river Duero) flows
through a v-shaped basin for ca. 40 km until it
reaches the limit of the study area.

The study watershed maintains 2 medium-sized
population (mean biomass 5.4 g.m™) of brown trout
(Salmo trutta L.), and cohabiting cyprinid species
(2.4 gm?). Water is mainly acidic or neutral
(6.6<pH<7.5) with a good biotic integrity of the in-
vertebrate community (Alba-Tercedor & Sanchez-
Orte a 1988). The mean annual flow varies from 1.8
nm'.s 1n the upper reaches of the river Tormes to
55.8 m’.s™" in its lower reach in the study basin.

3 METHODS

3.1 Population parameters

Fourteen sampling stations were selected in the
study ranging 1010 to 1470 m in altitude, seven in
river Tormes and seven in tributaries maximizing
representativeness of the watershed. Five annual
survey campaigns were carried out in July during the
five-year period (1998-2002).

During each survey campaign three pass removal
electrofishing were conducted in each net-closed
sampling station. Fork length (L) to the nearest 1
mm and wet weight (W) to the nearest 0.1 g were
measured in every captured fish. Scales were ex-
tracted to a sample of 25% of captured trouts.

Densities (D) were estimated by the Maximum
Weighted Likelihood method (Carle & Strub 1978).
Age was determined for each age class by means of
a combination of scale reading and length frequency
analysis (Bhattacharya 1967 modified by Pauly &
Caddy 1985). Emergence period of each cohort was
estimated by modelling the growth of the captured
0+ class individuals between their emergence and
the date of capture by taking into account the stream
temperature regime during this period (Bagliniere &
Maisse 1990; Alonso-Gonzalez, in prep.). Spawning
season was determined: (1) by subtracting 440

°C.day to the emergence date and (2) by the observa-
tion of spawners during each season.

Loss rate (Z) of each cohort was determined as
the reduction % of each cohort between two con-
secutive annual sampling campaigns. Growth rate
(G) was estimated by the difference of the natural
logarithm of mean fork lengths observed in the same
cohort in two consecutive years. Fulton condition
factor (K) was determined for each individual.

Population variables were In(x+1) transformed in
order to normalise their distribution.

3.2 Stream flow regime

Two series of data each from a gauging station
(Duero Basin Water Authority — C. H. Duero) have
been employed in this work: (1) mean daily flow
data (to the nearest 0.001 m’.s™') from station n°
02006 1in river Tormes headwaters (altitude 1377 m;
catchment area 88 km?), and (2) mean monthly ﬂow
data (to the nearest hm3) from a 54 year historical
series (1931-1990) in gauging stations n° 02006 (see
above characteristics) and n°® 020135 in river Tormes
lower reach, 4.2 km downstream the exit of the
study basin (altitude 976 m; catchment area 900
km?).

Annual stream flow regimes in the fourteen sam-
pling reaches were estimated by flow standardised
data from both gauging stations, adjusted in a linear
model (R?=0.93) that relates flow regimes to catch-
ment area and mean catchment altitude. Transfer-
ability of flow data from both gau ngg stations was
checked by: (1) the similarity (R°=0.74) of down-
pour peak distributions recorded in two meteoro-
logical stations INM adjacent to both gauging sta-
tions; and (2) the homogeneous geology of the basin,
indicative of a similar hydrologic response to rainfall
regimes in separated points.

Five variables were determined for every period
in which years were divided according to the above-
mentioned 1st year of life stages (see 3.1. Popula-
tion parameters): maximum (Qmay), mean (Quneq) and
minimum (Qmin) daily flow, the number of days in
which maximum flow was higher than the value of
percentile 75 of the data series (Qperc7s) and lower
than the percentile 25 of the data series (Qperc2s).
Thus, annual flow, intensity of floods and droughts,
and frequency of both events, were considered.

Hydrological variables were also In(x+1) trans-
formed so as to normalise their distribution.

3.3 Statistical analysis

One of the work hypothesis followed in the present
study is based in the supposition that the samples
captured in all the sampling stations belong to a sin-
gle brown trout population as it exits the possibility
of free movement of individuals in the whole studied
basin. According to this, it can be expected that the



population parameters of the whole population will
vary in a relatively homogeneous manner. For this
reason, electrofishing survey data from all stations
were synthesised so as to quantify yearly variations
of the whole population. Prior to statistical analyses,
two verifications were made: (1) Shapiro-Wilks
normality tests; and (2) the existence of statistically
significant differences between the means, medians
and distributions of the fourteen values of each an-
nual campaign.

Linear relationship between every combination of
population-hydrological variables was analysed by a
correlation matrix. Relations were selected when
matching the three following criteria: (1) r-Pearson
correlation coefficient absolute value higher than
0.9, (2) number of pairs of data values used to com-
pute each coefficient > 4, and (3) p-values below
0.05, which indicate statistically significant non-zero
correlations at the 95% confidence level.

4 RESULTS

A summary of the values observed for each popula-
tion variable is presented in Table 1.

Table 1. Mean values (Mean) and standard deviations (SD) of
the population variables determined in the 14 sampling stations
of river Tormes brown trout population. Where B is trout bio-
mass (gm %); and Di+ density (individual.m?); Zi+ loss rate
(year™); Li+ mean fork length (mm); Gi+ growth rate (Syear h;
W1+ mean wet weight (g); and Ki+ condition factor (10°.g.mm’
’) of age class i+.

B D0+ DI+ D2+ D3+ 70+

Mean 5.42 0.16 0.08 0.02 0.00 -0.76
SD  0.57 0.09 0.03 0.01 0.00 1.14

71+ LO+ L1+ L2+ GO0+ Gl+

Mean 0.73 61.44 15276  209.02 0.88  0.36
SD  0.09 2.69 5.72 9.67 0.03  0.05

WOo+  WI+ W2+ KO0+ Kl+ K2+

Mean 2.65 45.66  123.64 1.11 1.18 1.21
SD 033 5.37 16.28 0.03 0.04 0.02

Table 2. Mean values (Mean) and standard deviations (SD) of
the hydrological variables estimated in the 14 sampling stations
of river Tormes. Where: Q x 1s maximum; Q,.q mean; and
Qpin Minimum darly flow (m’.s’ ) and Qperc7s and Qperc2s are the
number of days in which flow is higher, or lower, the percen-
tile 75 and 25 of the temporal series, respectively. Every vari-
able is determined for each period: Incubation (y,.); emergence
to 1st summer (gy); and the year immediately before sampling

campaign (year).

maxinc medInc minlnc erc75Inc erc25Inc
Mean 28.42 5.28 1.69  56.75 10.57
SD 20.84 3.21 1.00  13.72 6.81
QmaxEJul QmE:dEJul QminEJul QDErC75FJu1 QperCZSEJul
Mean 14.03 326 036  43.00 25.71
SD 10.29 149 031 14.23 2.92
Qmaxvear Qmedvear Qminvear Qperc75year QpecmSyear
Mean 35.44 3.09  0.03 90.66 108.50
SD 29.84 1.50 0.04 14.23 26.81

In a similar manner, Table 2 show the summary
of the values observed in the hydrological variables.

Four correlations presented in Table 3 were se-
lected attending to the explained criteria (see 3.3
Statistical analysis).

Table 3. Population and hydrological variables between which
a strong linear relationship was detected, correlation coeffi-
cients (r-Pearson) and statistical significance (p-value).

Population var. Hydrological var. r-Pearson p-value
DO+ Qperc751nc -0.9425 0.0164
DO+ Qumedyear -0.9568  0.0432
L0+ Qperc25ine -0.9078  0.0332
L1+ Qperc25Eul -0.9649  0.0078

5 DISCUSSION

Four relations were found between both types (hy-
drological and population) of variables.

A strong negative linear relationship appeared to
link the frequency of floods during the incubation
period to the recruitment of fry during the first
summer of life. This relation suggests that the more
frequent floods between spawning and emergence
are, the lower recruitment of young-of-the-year is.
Many authors have found a negative relationship be-
tween the discharge intensity and recruitment of fry,
Jensen & Johnsen (1999) linked intensity of dis-
charge during the emergence of a cohort with a re-
duction on the cohort strength, so does Spina (2001)
who detects a negative correlation between flood
peaks during incubation and the cohort strength.
Cattanéo et al. (2002) found that 0+ trout density
was strongly and negatively related to the discharge
rate during the emergence period, and reports that
other authors found similar effects in salmonids. The
high number of works showing the similar conclu-
sions suggests that intensity of floods during the in-
cubation and emergence are very important factors
determining of trout recruitment. Nonetheless, it is
not so frequent to find references on the effect of
frequency of discharges on annual recruitment. This
effect can be due to the damage occasioned in the
redds when occurring repeated flooding episodes
during incubation. As no relationship between inten-
sity and recruitment has been detected, moderated
but repeated floods could be able to affect to the an-
nual recruitment at least so markedly as big isolated
spates. Moreover, this observed effect could become
a useful basis from which to explain the absence of
effects on the recruitment of a severe spate in a
brown trout population in the North of Spain, re-
ported by Lobon-Cervid (1996). Thus, a big isolated
spate could not be significantly effective in reducing
recruitment but frequent repeated moderated floods
would. The application of this conclusion to popula-
tions inhabiting rivers affected by regulated flows



and hydropeaking episodes can justify further re-
search in this direction.

Other effect found on the influence of natural
flow regimes on the recruitment of young-of-the-
year is the one that relates mean annual flow to the
density of 0+ trouts in summer. This relationship is
harder to explain, as many effects can be masked
into the variable “mean annual flow” such as the ab-
sence of droughts of floods that scour the redds, or
smoother regimes that permit an easier migration of
spawners. More detailed analyses have to be done in
this direction in order to find out what does “mean
annual flow” really mean, and which variables are
responsible of the variability in values of this pa-
rameter.

A reliable negative relationship between mean
length of fry and the frequency of occurrence of low
flow episodes during incubation was also found.
This interesting correlation can suggest an effect of
low temperatures on eggs laid in a redd when it is af-
fected by a reduction in the water column depth. A
lower flow leads to a shallower water column over
the redds and thus a higher influence of wintery air
temperature regimes on the water temperature in the
redd and, consequently, around the eggs or larvae. A
repeated occurrence of these circumstances can lead
eggs or larvae to a slower development and a less ef-
ficient use of energy reserves in the yolk. Further re-
search has to be conducted in order to contrast this
explanation, water temperatures in redds should be
measured and modelled so as to find the relation be-
tween water temperature, air temperature and flow
in redds.

A harder to explain correlation was also found,
which links negatively mean fork length of 1+ age
class trouts to the frequency of days with low flow
in late spring and early summer (between emergence
period of fry and late July). A similar effect was also
observed by Weatherley et al. (1991), who found
that autumn weights of 1+ trouts were 30-40% of
predicted (maximum growth) when droughts oc-
curred. A general explanation would possibly be de-
duced when improving studies on the invertebrate
emergence in river Tormes, which usually takes
place during the mentioned period, and the effects
produced on it by the low flow episodes. If some re-
lation could be detected in this direction, it would be
very likely that growth in 1+ trouts could be affected
indirectly by flow regimes in spring through its in-
fluence on prey availability. This is another direction
in which further research has to be conducted.

As a summary, it can be concluded that natural
variability of flow regimes can act as a major factor
influencing, and possibly controlling, the dynamics
of a brown trout population through affecting annual
recruitment and early development and growth. This
control might be not only driven by the intensity of
discharge and drought episodes but also by the fre-
quency at which these events occur.
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