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A sampling program of 9 years revealed that the opossum shrimp Mysis relicta and the amphipod
Diporeia hoyi were present in three boreal lakes in northwestern Ontario, Canada regardless of whether
watershed forests were left completely intact, left as only a narrow buffer strip, or were nearly completely
removed through experimental clearcutting. In fact, Diporeia were actually found to be more abundant in all
lakes following logging. And the decline in Mysis abundance observed in one of the lakes occurred well
before the initiation of timber removal. Consequently, it appears that these keystone, glacial-relic species of
macrocrustaceans are not negatively impacted by clearcutting. This is in direct contrast to the hyper-
sensitivity and extirpation of these same species which has been previously demonstrated in acidifying boreal

lakes.
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1. Introduction

With an annual removal rate of nearly 1%, the
scale of timber harvesting in the boreal forest of
Canada, mostly through clearcutting operations, is
truly enormous (Perera et al. 2000). The great
majority of research on the influences of logging on
aquatic communities comes from studies on small
streams, often conducted in mountainous regions and
which consequently may have only limited
applicability to situations in the boreal forest
(Carignan & Steedman 2000, Pinel-Alloul et al.
2002). In contrast, studies of the implications of
logging on the limnology and aquatic ecology of
boreal lakes are relatively infrequent (Steedman et al.
2004). In general, alterations in the abundance or
biology of fishes in boreal lakes due to watershed or
riparian clearcutting seem to be relatively minor or
nonexistent (Berube & Levesque 1998, Rask et al.
1998, St. Onge & Magnan 2000, Tonn et al. 2003,
Bertolo and Magnan 2006). In the few cases where
changes in fish growth have been detected, some of
these researchers have contended that this might be
accounted for by some unmeasured alteration in the
pelagic foodweb. There is heuristic evidence to
support such an illation.

In the last decade and a half we have learned that
the physical-chemical environment of lakes can be
susceptible to timber harvesting operations, some of
which might be expected to affect the pelagic zone.
Erosion from construction of roads (France 2002,
Steedman & France 2000) and removal of forests
(France 1997a, France et al. 1998) can contribute to
an increased accumulation of sediments in profundal
zones (Blais et al. 1998). Increased sedimentation
often has deleterious impacts upon aquatic organisms.
At the same time, lakes in clearcut watersheds
frequently display elevated concentrations of total
phosphorus (Rask et al. 1998, France et al. 2000a,
Carignan et al. 2000, Winkler et al. 2009). Due to the
‘bottom-up’ resource mediation of zooplankton in
boreal lakes, it is possible that elevated nutrients will
result in more phytoplankton and therefore more
zooplankton. However, clearcutting also
simultaneously increases the watershed export of
DOC to lakes (Rask et al. 1998, France et al. 2000b,
Carignan et al. 2000, Winkler et al. 2009) which,
because transparency is dependent on organic colour
in such lakes, might be expected to decrease the
euphotic zone and thus negatively affect
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phytoplankton and their planktoivores. On the other
hand, increased colour in lakes may provide some
protection against UV-B toxicity and thus might
improve the environment for plankton (France et al.
2000b). Reduced inputs of allochthonous leaf litter
and the resulting decreased release of nutrients and
carbon from lechate following clearcutting (France et
al. 1996, 1997) also has the potential to affect pelagic
productivity (France and Peters 1995). Finally,
riparian tree removal can increase over-water wind
speeds which may lead to thermocline deepening and
an alteration in the thermal habitat of lakes (France
1997b) which could influence plankton biodiversity
and abundance (Scully et al. 2000).

Although synoptic surveys and
paleolimnological research have investigated the
plankton communities of boreal lakes in logged
watersheds (Paterson et al. 1998, Rask et al. 1998,
Planas et al. 2000, Scully et al. 2000, Patoine et al.
2000, 2002a,b, Ghadouani et al. 2006, Rasanen et al.
2007, Winkler et al. 2009, Hausmann & Pienitz
2009), no such work has investigated how keystone
macrocrustaceans in the pelagic zone might respond
to clearcutting.

The purpose of the present study was to provide
the first documentation of the abundance response of
two important glacial relic species: the opossum
shrimp Mysis relicta and the amphipod Diporeia hoyi
to experimental clearcut logging around boreal lakes.

Selection of these particular study species is not
arbitrary but reflects three important attributes of their
ecology. First, the normally high abundance of both
species in boreal lakes means that they can dominate
the profundal zoobenthic fauna in terms of biomass
(Nero 1982, P. Olesiuk, Can. Dept. Fisheries &
Oceans, unpubl. data). Second, both species play an
important role in regulating food web dynamics and
energy flow both through their feeding on lower
trophic categories and their recycling of detritus
(Green 1971, Nero & Sprules 1986; France et al.
1995, Chipps et al. 2000) as well as their predation by
commercially important fishes (Green 1971, France &
Steedman 1996, Guiguer et al. 2002, Hondorp et al.
2005). And third, both species are recognized to be
extremely sensitive to anthropogenic acidification of
boreal lakes (Nero & Schindler 1983, Schindler 1990,
P. Olesiuk, unpubl. data), and possibly may have a
similar potential to serve as early warning indicators
for monitoring the aquatic effects of clearcutting.

2. Methods
2.1. Study Lakes and Experimental Forestry

The study area (49°08°N; 92°09°W) is situated
within the boreal forest of northwestern Ontario,
located on the Canadian Shield 45 km northwest of
Atikokan and about 100 km southeast of the well-
known Experimental Lakes Area. Maps are shown in
France et al. (1998), Paterson et al. (1998), Nicholls et
al. (2003) and Steedman (2003). Details concerning

vegetation, litterfall, topography, and soil properties
of this area are presented in France (1997a), France
and Peters (1995) and France et al. (1998). The 4
study lakes are small, proximally located, headwater
basins characterized by dilute waters, low nutrients,
and cold temperatures (Steedman 2000).

In an attempt to investigate the long-term
sustainability of industrial forestry practices, a multi-
disciplinary study was undertaken to follow the
limnology and ecology of three boreal lakes whose
forests were removed through riparian and watershed
clearcutting (Steedman 2000). During 1996, the
watersheds of Lakes 26, 39 and 42 were partially
clearcut through use of a tracked feller buncher and
chainsaws. Harvested trees were dragged to the
nearest road for de-limbing. Lake 39 (L39) and L42
experienced extensive watershed (60-70%) and
riparian ~ (40-60%)  disturbance, whereas L26
experienced moderate watershed disturbance (33%)
with no harvesting of riparian trees. L20, which is
situated beside and connected to L26 by a small
stream, maintained its riparian forest with the only
watershed disturbance being that taking place in its
L26 sub-basin. During 1998, an additional 19% of the
riparian forest around L42 was removed (which
accounted for 3% of the total watershed area). Also at
the same time, trees were harvested beside from the
inflowing streams to L26 (which accounted for 15%
of the watershed). During the experimental timber
harvest, 5 km of logging roads were constructed in the
watersheds of L.39 and L42 and 2 km of roads were
constructed in the watershed of L26. Further details of
the experiment can be found in Steedman and
Kushneriuk (2000).

2.2. Macroinvertebrate Sampling

Two sampling programs were initiated to
monitor the abundance of profundal-pelagic
macrocrustaceans in the study lakes: (1) intensive
collections were made once before and again during
and finally after clearcutting in 1992, 1996 and 2000,
respectively; and (2) a temporal series of less
intensive collections were made during the duration of
the land management experiment from 1993 to 2000.

Mpysis relicta (henceforth simply Mysis) and
Diporeia hoyi (henceforth simply Diporeia) were
sampled in October 1992 (France & Steedman 1996)
and October 1996 and October 2000 with use of a
meter-square net (Nero 1982) as employed in
previous studies (Nero & Schindler 1983, France et
al. 1995). From 12 to 15 vertical hauls were collected
from the deepwater centre of each lake when the
animals became planktonic at night. Samples were
sorted live within 24 hr of collection. For the temporal
sampling program,. Mpysis and Diporeia were
collected in the same fashion with the same meter-
square net in September 1993, August 1994, August
1995, August 1997, August 1998, August 1999, and
July 2000. Eight vertical hauls were collected in 1993,
and 3 hauls made in subsequent years.
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3. Results

Due to concordance between the results obtained
from the two sampling programs (Table 1) their
findings will be examined together. In 1992,
amphipods (Diporeia) were found in L39 but not in
the other lakes. During the pre-clearcutting years,
Diporeia continued to be observed in L39 and were
detected in L26 in 1993 and again in 1995. Diporeia
were either absent or present at abundances below
detection in L42 and L20 during this period. Diporeia
were first detected in L42 in 1996 coincident with
initiation of experimental logging and also made their

first appearance in reference L20 at the same time.
For all 3 treatment lakes, Diporeia were more
abundant in the last 4 years of sampling (1997 to
2000) after logging compared to the first 4 years
(1992 to 1995) before logging.

The abundance of opossum shrimp (Mysis)
varied through time across the study lakes.
Abundance in each of L20 and L39 were generally
comparable from 1992 to 2000. In contrast, Mysis
abundance in L42 and in L26 were respectively either
consistently smaller or occasionally larger following
termination of experimental logging in 1998
compared to values recorded for 1992 and 1993.

Table 1. Profundal-pelagic macrocrustacean abundance (# m” + SD) in boreal lakes from 1992 to 2000. The shorelines
and watersheds of Lake 42 and Lake 39 and the watershed of Lake 26 were clearcut during 1996 with further

timber harvesting taking place in 1998

Sample |Lake 42 Lake 42 |Lake 39 |Lake39 |Lake26 |Lake26 |Lake20 |Lake 20
Date number
Mysis Diporeia|Mysis Diporeia |Mysis Diporeia  |Mysis Diporeia
1992 Oct |12-15 [260+87 |0 98+45 2+1 47+21 |0 57+10 |0
1993 Sept |8 284+101 |0 58+15 |2+1 52413 |1+1 45+23 |0
1994 Aug |5 296 +64 |0 72+8 |4+2 5+2 0 34425 |0
1995 Aug |5 91 +53 0 70+6 |2+1 29+4 242 45+23 |0
1996 Aug |12-15 [105+96 1+1 76 +26 |4+2 35423 [3+£2 34+21 |1+1
1997 Aug |5 98 +21 0 72+20 |6+3 21+10 [2+2 23+14 2+1
1998 Aug |5 60 +23 2+1 69+39 [2+2 1143 [1+1 68+45 |1+1
1999 Aug |5 38+10 6+6 60+28 |8+6 10+7 [2+1 68+33 |0
2000 July (5 37+22 543 56+33 2+2 106 +11 [6+3 23+16 [1+1
2000 Oct  [12-15 [65+16 6+2 75+24 |9+4 96+23 |8+4 27+21 [2+1
4. Discussion macroinvertebrate  abundance be related to
experimental logging?
The estimated abundance of  both The notable increases in abundance of Diporeia

macrocrustacean species were generally comparable
between the before/after and the trend sampling
programs for near contemporaneous collections made
in either 1992 and 1993 or again in 2000. Further, the
present findings are in agreement with a completely
independent sampling of these two species as part of
the comprehensive assessment of the potential
implications of logging undertaken in the same lakes
over the same time period (R. Steedman, Ont. Min.
Nat. Res., unpubl. data). All this gives credence to the
reproducibility, if not accuracy, of the present
sampling program for assessing potential changes in
relative, and possibly even, absolute abundance in the
study lakes and is in line with other studies in nearby
lakes which have used the same methodology to
assess differences in abundance in response to
experimental acidification (Nero & Schindler 1983; P.
Olesiuk, unpubl. data).

The abundance of the amphipod Diporeia
increased in all three lakes subjected to experimental
clearcutting. The most demonstrative alteration in
macrocrustacean abundance occurred for the opossum
shrimp Mysis in L42 with values in 1999 and 2000
being only a quarter of what they had been in 1992
and 1993. Might any of these changes in

observed in L42, L39 and L26 after experimental
logging must be considered in relation to the more
modest contemporaneous increase in abundance that
occurred in reference L20. This implies the possibility
of a regional, perhaps climate-induced, influence on
the biology of this species. That said, even when this
modest increase is subtracted from the more
substantial increases observed in the other lakes, there
still remains a systematic increase in Diporeia
coincident with watershed and/or riparian logging. It
is possible that an increased deposition of sediments
resulting from accelerated riparian soil erosion
(France 1997, 2002, France et al. 1998, Steedman &
France 2000), which will be concentrated in the
profundal zone (Blais et al. 1998), may have
contributed to more favorable environments for this
deposit-feeding amphipod.

In contrast, variability in Mysis abundance is
independent of logging. The large declines in
abundance observed in L42 occurred between 1994
and 1995. Since experimental logging did not
commence around the lake until 1996, this decrease in
Mysis abundance cannot be related to forestry
operations. Neither substantial alterations in lake
chemistry (Steedman 2000), thermal stratification
(Steedman & Kushneriuk 2000), phytoplankton
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community structure (Nicholls et al. 2003), or
abundance of zooplanktivorous fishes (R. Steedman,
unpubl. data) occurred in L42 at that time which
might be invoked to explain the decrease in Mysis
abundance. The cause of the precipitous population
decline remains unknown.

The tolerance of both these
macroinvertebrate species to removal of trees through
clearcutting seems reasonable given their evolution as
glacial relics in lakes located in a landscape that by its
very nature is characterized by a high degree of
disturbance. Boreal watersheds repeatedly lose their
forests, including riparian trees (France 1997b, Blais
et al. 1998, McEachern et al. 2000), through wildfires
(Perera et al. 2000). The continued existence of
profundal-pelagic amphipods and shrimps in such
lakes implies that limnological and biological
alterations resulting from watershed disturbance
cannot be assumed a priori to be harmful to these
species.

The present findings are consistent with other
research conducted in these same study lakes on a
wide variety of limnological and biological attributes
(Blais et al. 1998, Steedman 2000, 2003, Steedman &
Kushneriuk 2000, Steedman & France 2000, Knapp
et al. 2003, Nicholls et al. 2003) as well as synoptic
surveys of other plankton (Paterson et al. 1998, Rask
et al. 1998, Planas et al. 2000, Scully et al. 2000,
Patoine et al. 2000, 2002a,b, Ghadouani et al. 2006,
Rasanen et al. 2007, Winkler et al. 2009, Hausmann
& Pienitz 2009) and fishes (Berube & Levesque 1998,
Rask et al. 1998, St. Onge & Magnan 2000, Tonn et
al. 2003, Bertolo and Magnan 2006) in indicating that
organisms in boreal lakes can be resilient to removal
of the watershed or riparian trees through logging.

Because wildfires often burn to the water’s edge,
the emulation of such conditions through riparian
clearcutting might also pose no serious threat to the
survival of these particular species. Further studies of
the aquatic effects of sustainable forestry, which by
definition is designed to mimic the patterns of natural
disturbance characteristic of the boreal landscape, are
needed however before a management
recommendation of any confidence can be made
concerning riparian clearcutting around boreal lakes.

5. Conclusions

1. The abundance of two glacial relict species,
Mpysis relicta and Diporeia hoyi, were monitored
for 9 years in 4 boreal lakes in northwestern
Ontario, Canada whose watersheds and
shorelines had been experimentally logged as
part of a large multidisciplinary study.

2. Mpysis abundance was found to be independent of
clearcut logging. Diporeia actually increased in
lakes following timber removal.

3. These two macrocrustacean species are not
negatively impacted by clearcutting in direct
contrast to their acknowledged hyper-sensitivity
to acidification.
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pelagialéje prieS eksperimentinj miSko kirtima ir po jo

R. L. France
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(gauta 2011 m. balandzio mén.; atiduota spaudai 2011 m. birzelio mén.)

Devyneriy mety stebéjimy rezultatai rodo, kad trijuose borealinés zonos ezeruose aptinkama
krevediy Mysis relict ir Soniplauky Diporeia hoyi, nepaisant to, ar baseino miskai yra nelie¢iami,
paliekami kaip apsauginé juosta, ar beveik visisSkai iSkertami. Nustatytas Diporeia pagauséjimas
tuose ezeruose, prie kuriy buvo atlikti kirtimo darbai.Viename i§ ezery Mysis sumaZzéjimas
nustatytas prie§ atliekant kirtimo darbus. Tyrimas parodé, kad minétos nuo ledynmecio islikusios
véziagyviy rasys néra neigiamai veikiamos miSky kirtimy, prieSingai, nei Sios riiSies véziagyviy
didelis jautrumas ir nykimas riig§téjanciuose borealinés zonos ezeruose.
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