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Logging-induced variations in dissolved organic
carbon affect yellow perch (Perca flavescens)
recruitment in Canadian Shield lakes

Andrea Bertolo and Pierre Magnan

Abstract: There is increasing interest in the effects of allochthonous carbon on lake food webs. By temporarily
increasing levels of dissolved organic carbon (DOC) in lakes, logging can help us understand how carbon from the
watershed could affect lake biota. The goals of this study were to determine whether (i) logging has a significant effect
on the abundance of young-of-the-year (YOY) yellow perch (Perca flavescens) in Canadian Shield lakes and (ii) any
changes in yellow perch recruitment could be related to increases in nutrients (N and P) and (or) DOC following log-
ging. To do this, we examined 22 Canadian Shield lakes: the watersheds of 13 were not impacted, while 9 underwent
logging (1%-78% of the watershed area). We found that the relative abundance of YOY yellow perch increased after
logging in proportion to the ratio between the area of the logged watershed and the lake volume. We show that this
effect is likely explained by an increase in DOC following logging. This might be related to (i) an increase in second-
ary productivity due to a positive effect of terrestrial carbon on the microbial loop and (or) (ii) an increased hatching
success and (or) larval survival due to a greater protection from UV radiation by DOC.

Résumé : Les effets du carbone allochtone sur les réseaux trophiques lacustres font I’objet d’un intérét grandissant.
En augmentant les niveaux du carbone organique dissous (COD) dans les lacs, les coupes forestieres peuvent servir de
modele pour comprendre comment le carbone provenant du bassin versant peut affecter le compartiment biotique des
lacs. Les objectifs de cette étude étaient de déterminer (i) si les coupes forestieres ont un effet significatif sur
I’abondance des jeunes perchaudes (Perca flavescens) de ’année (YOY) dans les lacs du bouclier canadien et (if) si
d’éventuels changements dans le recrutement de la perchaude peuvent étre mis en relation avec 1’augmentation des
éléments nutritifs (N et P) et (ou) de COD suite aux coupes forestieres. Nous avons échantillonné 22 lacs du bouclier
canadien, dont 13 n’avaient subi aucune perturbation et 9 avaient subi des coupes forestieres dans leur bassin versant
(1-78 % de la superficie du bassin). L’abondance relative des jeunes perchaudes a augmenté suite aux coupes forestie-
res, proportionnellement au rapport entre la superficie du bassin affecté par les coupes et le volume du lac. Nous mon-
trons que cet effet est probablement expliqué par une augmentation du COD suite aux coupes forestieres. Ceci pourrait
étre en relation avec (7) une augmentation de la productivité secondaire due a un effet positif du carbone d’origine ter-

restre dans la boucle microbienne et (ou) (i) a une augmentation du succes de 1’éclosion et (ou) de la survie larvaire
due a une protection accrue contre les rayons UV par le COD.

Introduction

While there is an increasing interest on the effects of
allochthonous carbon on lake food webs, its effects on
higher trophic levels are still not fully understood (Steinberg
et al. 2006). Carignan et al. (2000) found that logging in-
creased ion (i.e., K*, CI", and Ca®"), nutrient (i.e., N and P)
and dissolved organic carbon (DOC) loads. Even though

clear effects of logging were found on lake water chemistry,
relatively small effects have been observed on phyto-
plankton biomass after deforestation (Planas et al. 2000).
The reduced penetration of solar radiation in the water col-
umn, caused by the increased DOC, might explain such a re-
sult. Thus, it is not straightforward to predict to what degree
the nutrient (P and N) and carbon enrichment caused by for-
est exploitation will be transferred to higher trophic levels.

Received 19 October 2006. Accepted 9 January 2007. Published on the NRC Research Press Web site at http://cjfas.nrc.ca on

5 February 2007.
J19611

A. Bertolo! and P. Magnan. Département de Chimie-Biologie, Université du Québec a Trois-Rivieres, C.P. 500, Trois-Rivieres,

QC GYA 5H7, Canada.

!Corresponding author (e-mail: andrea.bertolo@uqtr.ca).

Can. J. Fish. Aquat. Sci. 64: 181-186 (2007)

doi:10.1139/F07-004

© 2007 NRC Canada



182

In fact, it is still largely unknown if allochthonous organic
carbon might be efficiently transferred, directly or indirectly,
via the microbial loop to zooplanktonic consumers and from
these to fish (Steinberg et al. 2006). As fish yield is strongly
correlated to lake productivity (Godbout and Peters 1988),
forest clearance may increase fish productivity only if it in-
duces an increase in the productivity of primary producers
and (or) bacteria.

In a study comparing control vs. impacted lakes, St-Onge
and Magnan (2000) showed that logging was associated with
a reduction in the numbers of small size classes of both yel-
low perch (Perca flavescens) and white sucker (Catostomus
commersonii) (<75 and <160 mm, respectively) 1-2 years
following the perturbation. While these results suggest that
logging could affect fish communities by reducing the sur-
vival of juvenile fish, they do not support the hypothesis of a
positive effect of logging through an increase in fish produc-
tivity. The sampling device (i.e., gill nets) used by St-Onge
and Magnan (2000) did not allow the sampling of small-
bodied and young-of-the-year (YOY) fish, which are proba-
bly the most sensitive to watershed perturbations and varia-
tions in lake productivity. The objectives of our study were
to determine whether (i) logging has a significant effect on
the abundance of YOY yellow perch in Canadian Shield
lakes and (ii) any changes in yellow perch recruitment could
be related to increases in nutrients (N and P) and (or) DOC
following logging. We used a before—after control-impact
(BACI) experimental design to address these objectives.
Lakes were sampled once (1-2 years) before and once (1-
2 years) after the perturbation (i.e., logging).

Materials and methods

Study area

Twenty-two thermally stratified headwater lakes were se-
lected on the basis of comparable size (fetch greater than
1 km), basin morphometry (maximum depth exceeding 5 m),
and catchment properties (<6% of catchment covered by
wetlands). The lakes were accessible only by plane and are
located within a 50 000 km? area surrounding the Gouin
Reservoir, Quebec, Canada (48°50’N, 75°00°W). The forest
is primarily composed of black spruce (Picea mariana), bal-
sam fir (Abies balsamea), jack pine (Pinus divaricata), white
birch (Betula papyrifera) and trembling aspen (Populus tre-
muloides). Only minor logging occurred in the watersheds of
these lakes prior to 2000, while clearcuts occurred between
2000 and 2002 in nine of them (Table 1). Because of their
remoteness, the fish communities of these lakes are gener-
ally unexploited or only lightly exploited. This should
reduce any bias related to potential increases in fishing pres-
sure due to the presence of better access roads following
logging. The most common fish species in the study lakes
were yellow perch (n = 22), northern pike (Esox lucius) (n =
21), white sucker (n = 16), walleye (Sander vitreus) (n =
14), lake whitefish (Coregonus clupeaformis) (n = 14), and
fallfish (Semotilus corporalis) (n = 12). On average, yellow
perch represented 74.6% + 31.6% (mean + standard devia-
tion, SD) of the total catches by seine.

Can. J. Fish. Aquat. Sci. Vol. 64, 2007

Fish sampling

We used a beach seine to estimate the catch per unit of
effort (CPUE) of YOY yellow perch; this technique is well
suited to sampling juvenile fish. For logistic reasons, 7 lakes
were sampled in 2000 and 15 in 2001 (before perturbation),
while all lakes were resampled in 2002 (1-2 years after per-
turbation). Each lake was seined once between June and
August. On average, 34 + 10 samples (mean + SD) were
taken in each lake at randomly selected littoral stations.

Plankton and water chemistry analyses

Water for the analyses of chemical variables, chlorophyll
a (Chl), and zooplankton was sampled in June and August
2000, 2001, and 2002 (the same years as the seine fishing).
We used average summer values in statistical analyses. Sam-
pling for chemical variables and phytoplankton took place in
the euphotic zone, while zooplankton samples were taken
over the entire water column with a 53 um mesh cantilever-
ing net. Total phosphorus (TP) was measured using the mo-
lybdenum blue method, whereas total nitrogen (TN) was
measured as NOj; after alkaline persulfate digestion. Chl was
extracted using hot 90% ethanol, and absorbance was mea-
sured spectrophotometrically. DOC was measured within
72 h by infrared gas analysis after sample acidification and
He sparging followed by Pt-catalyzed oxidation at 700 °C.
Zooplankton samples were fractionated into two size classes
(smaller or larger than 500 pum) before estimating dry
weight. Each zooplankton size class was filtered separately
onto precombusted GF/A (Whatman) glass fiber filters, dried
at 40 °C for 18 h, weighed, ashed at 500 °C for 18 h, and
weighed again to estimate dry weight. See Carignan et al.
(2000), Patoine et al. (2000), and Planas et al. (2000) for de-
tails on the analytical methods.

Statistical analysis

Analyses of variance (ANOVA) were used to compare
physico-chemical and plankton variables between unper-
turbed lakes and lakes that experienced logging in their wa-
tershed. Multiple linear regressions were used to determine
environmental factors that best explained variations in CPUE
(i.e., ACPUE) of both YOY yellow perch and older individu-
als following logging. We also analyzed the before—after
logging variations in the CPUE of other fish species (yellow
perch excluded) and in the total fish CPUE (including yel-
low perch) caught in seines. To take into account the BACI
protocol, the dependent and independent variables used in
analyses were represented by their variation between the
period preceding and the period following deforestation:
changes in dissolved organic carbon (ADOC); total phospho-
rus (ATP); total nitrogen (ATN); chlorophyll a (AChl); and
the biomass of total zooplankton (AZOO), small zooplank-
ton (<500 pm) (AZOO_sy), and large zooplankton
(>500 pm) (AZOO.sgy). To examine differences in seining
dates before and after logging (Table 1), we used the differ-
ence in the day of the year between the two samplings
(Aday) as a covariable. The ratio between the watershed area
logged and the lake volume (hereafter CUT/VOL) was used
as a measure of the potential impact of logging on lake
physico-chemistry (Carignan et al. 2000).

Independent variables included in the models were se-
lected by a stepwise selection procedure in multiple regres-
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Fig. 1. Relationship between the before—after impact variation in dissolved organic carbon (ADOC) and the before—after impact varia-
tion in catch per unit effort (ACPUE) of (a) young-of-the-year (YOY) yellow perch (Perca flavescens), (b) yellow perch >0+, (¢) other
fish species, and (d) total fish in seines. Results of linear regressions are shown when significant. Open circles indicate lakes with un-
perturbed watersheds; solid circles indicate lakes with logged watersheds. The sizes of the solid circles are proportional to the water-
shed perturbation (CUT/VOL). The arrow in panel a indicates lake AB35, which was excluded from the analysis (see text).
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sion analysis (o to enter = 0.10; o to stay = 0.05). Analyses
were performed both including and excluding zooplankton
data because these data were available only for 20 out of 22
lakes.

Results and discussion

CUT/VOL was significantly correlated with ADOC
(Spearman’s r = 0.67, P = 0.0006), but not with nutrients
(ATP and ATN), phytoplankton biomass (AChl), or zoo-
plankton biomass (AZOO, AZOO_sy,, AZOO,5q). ANOVA
confirmed that ADOC differed significantly between unper-
turbed and logged lakes (F|; 5o = 11.2, P = 0.0033), but also
showed that both AZOO_s5y, and AZOO were significantly
higher in logged lakes than in unperturbed lakes (F; g =
4.8, P =0.0419 and F; 1= 5.6, P = 0.0299, respectively).

CUT/VOL was significantly correlated with ACPUE of
YOY yellow perch (Spearman’s r = 0.51, P = 0.015). No
significant correlations were found between CUT/VOL and
the before—after variation in the CPUE of older yellow
perch, other fish species caught in seines, and total fish
ACPUE (P = 0.24, P = 0.07, and P = 0.10, respectively).
ANOVA showed that YOY yellow perch ACPUE tended to

differ between unperturbed and logged lakes (Fyj o = 4.0,
P =0.060). No significant differences were found in ACPUE
for >0+ yellow perch, other fish species, and total fish.

ADOC was significantly correlated with ACPUE of YOY
yellow perch (Spearman’s r = 0.49, P = 0.0218; Fig. 1a) and
ACPUE of total fish (Spearman’s r = 0.51, P = 0.0153;
Fig. 1d). No correlation was found between ADOC and the
ACPUE of yellow perch >0+ or other fish species (Figs. 16—
lc). ATP, AChl, and variations in zooplankton biomass
(AZOO, AZOO 54y, AZOO,5,) were not correlated to any of
the ACPUE variations. ATN was only significantly corre-
lated to the ACPUE of yellow perch >0+ (r = 0.46, P =
0.030).

The stepwise selection procedure selected ADOC (+) and
ATP (-) to explain the ACPUE of YOY yellow perch. This
model explained 52% of the variation in the dependent vari-
able. However, the model was sensitive to lake AB35 (an un-
perturbed lake), which experienced the highest reduction in
the CPUE of both YOY yellow perch as well as a relatively
large increase in TP. Besides improving the normality of the
data, excluding this point improved the relationship with
ADOC, whereas no relationship was found with ATP (Fig. 1).
A similar result was obtained for total ACPUE, with only
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ADOC (+) selected in the model (R? = 0.19, P = 0.0430).
The best model to explain the ACPUE yellow perch >0+
included ATN (+) and AChl (+) (R? = 0.37, P = 0.0118). No
variable was selected to explain the ACPUE of other fish
species.

No significant relationship between Aday and any of the
dependent variables described above was found, suggesting
that our results are not biased by the seining date. Within-
lake variability in total CPUE was significantly higher be-
fore logging (CV = 84.7) than after (CV = 14.1) (x> = 25.9,
P < 0.0001), but no correlation was found between the CV of
total CPUE and CUT/VOL in 2002 (Spearman’s r = —0.006,
P =0.78).

Our study indicates that logging, by increasing DOC, is an
important factor affecting the abundance of YOY yellow
perch (Fig. 1a). This result refutes the hypothesis suggested
by St-Onge and Magnan (2000) that post-emergence mortal-
ity increased after logging. Because yellow perch prefers to
spawn on submerged vegetation or fallen trees rather than on
gravel substrata, it is unlikely that perch suffered from silt-
ation caused by logging. This result rather suggests a poten-
tial pathway linking the watershed perturbations to an
increase in secondary production. This is apparently at odds
with the observed changes in nutrients and Chl and with the
results of a previous study on the impact of logging con-
ducted in the same area by Planas et al. (2000). These au-
thors showed that a relatively small increase in nutrients
caused by logging did not initiate an increase in primary
production because of the concomitant increase in light limi-
tation caused by an increase of water colour; based on this
result, only weak effects on secondary production might be
expected after logging. In contrast, our results suggest that
an increase in secondary production (YOY yellow perch and
zooplankton) is possible despite a lack of effect on primary
producers. To our knowledge, an important contribution of
carbon subsidies from the watershed to fish production has
been observed only in very small lakes (Cole et al. 2006),
which are likely to receive proportionally larger supplies of
allochthonous carbon. Even though the variation in zoo-
plankton biomass was not correlated to CUT/VOL and the
ACPUE of YOY yellow perch, both total and small zoo-
plankton increased in logged lakes. Zooplankton may have
benefited from an increase in the flow of energy and matter
transmitted by the microbial loop, which was boosted by the
increased DOC after logging, or they may have benefited di-
rectly from DOC by consuming colloidal or aggregated car-
bon particles (Kerner et al. 2003; Steinberg et al. 20006).

It is also possible that logging reduced ultraviolet (UV)-
induced damage to yellow perch eggs and (or) larvae by
increasing the DOC concentration and thus reducing the
penetration of UV in the water column (Huff et al. 2004).
Exposure to UV can dramatically reduce yellow perch egg
survival to hatching in lakes with low DOC contents (Huff et
al. 2004). The fact that the ACPUE of YOY yellow perch
was strongly correlated with ADOC, but not with the varia-
tion in zooplankton biomass, lends additional support to the
UV-protection hypothesis over the productivity one. How-
ever, average DOC concentrations in the study lakes before
logging were relatively high (Table 1), and changes in UV
penetration should have been biologically meaningful only
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in the shallower layers of the water column. Considering
that yellow perch tend to spawn in shallow waters in such
lakes (Huff et al. 2004) and that yellow perch larvae are pos-
itively phototropic (see references in Huff et al. 2004), we
cannot exclude a DOC-mediated effect of UV on yellow
perch recruitment in our lakes.

Yellow perch older than 0+ did not show any response to
logging or to variations in DOC. This is not in contradiction
with the UV-protection hypothesis, since these individuals
can easily reduce their exposure to UV by regulating their
depth.

St-Onge and Magnan (2000) observed, as with logging
activities, that fires in watershed areas were associated with
lower numbers of small-sized (<75 mm) yellow perch, even
though this perturbation was not associated with an increase
in DOC. It is thus possible that another mechanism explained
their results. St-Onge and Magnan (2000) excluded any di-
rect effect of the watershed perturbation on fish survival but
hypothesized that the perturbation might have indirectly
affected this size class by reducing the biomass of benthic
invertebrates. Assuming that fine sediment can reach the
lakeshore in perturbed watersheds, macroinvertebrate habi-
tats and survival could have been negatively affected (Miller
et al. 1997), reducing the abundance of food for older yellow
perch. This would also explain why >0+ yellow perch did
not respond positively to DOC in our study. Some studies
have reported a reduction in macroinvertebrate density fol-
lowing timber harvesting (e.g., Vuori and Joensuu 1996).
The increase in yellow perch recruitment following logging
might have increased the intraspecific competition with
other cohorts, with a negative effect on larger individuals. It
has been shown that YOY have a competitive advantage over
larger individuals and that the occurrence of a strong year
class may lead to a drastic reduction of older cohorts in yel-
low perch populations (Sanderson et al. 1999).

Our study showed that yellow perch recruitment increases
following logging and that this increase is correlated with
the related DOC increase. Future work will be needed to
elucidate the mechanisms by which logging and increased
DOC induce changes in yellow perch recruitment.
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