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Abstract Communities of benthic invertebrates from a series of intermittent headwater streams spanning over
a short elevation gradient (i.e., ~ 180-500 m) were investigated in April-July 2010 and May—July 2011. The
main purpose of this study was to better understand whether the potential future effect of environmental
change on biological communities of the Precambrian Shield’s freshwaters can be detected using elevation as
a substitute for time. Since obtaining long-term environmental data is a time-consuming process, substituting
space for time could instead generate similar information in a shorter time. In this study, environmental
differences associated with short elevation gradient were correlated with differences in benthic invertebrate
communities. Therefore, elevation gradient provides a spatial proxy for anticipated future environmental
change impacts over time. It was determined that water temperature accounts for the greatest variation in
communities along the elevation. Many community metrics such as abundance, functional feeding groups,
diversity, and evenness were significantly different based on the difference in elevation. Result indicates that
even a short elevation gradient can potentially be used as a surrogate to look at the effect of environmental
change.
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Introduction

Environmental factors such as water temperature, water velocity, food availability, and food type influence on
the benthic invertebrate communities’ structure along longitudinal stream profiles and with changes in altitude
(Camargo and DeJalon 1995; Hawkins et al. 2000; Vannote et al. 1980). This is because a complex interaction
exists between water temperature, flow regime, food quality, type and availability, and the substrate that
determines environmental heterogeneity and contributes to species diversity (Minshall et al. 1985). This
spatial heterogeneity has been investigated in terms of stream longitudinal profile from the headwater to the
mouth within the context of the river continuum concept (e.g., Carter et al. 1996; Minshall et al. 1985;
Scheibler et al. 2014; Scheibler and Debandi 2008; Vannote et al. 1980). However, few studies have compared
streams at similar latitudes yet located at different elevations and inquired whether the spatial variation in
altitude within the same geographic region can affect the community of benthos in streams (Jacobsen
2003, 2004, 2008; Jacobsen et al. 1997; Ramirez and Pringle 1998; Ramirez et al. 2008; Yule et al. 2009).

Jacobsen et al. (1997) have shown that when physical parameters such as size and current are accounted for,
benthic assemblages from the tropical stream located at different altitude can be compared based on their
thermal differences. In the same study, Jacobsen et al. (1997) have further illustrated that these streams are
comparable with streams in different geographical regions (i.e., lowlands of Denmark). In addition, Jacobsen
(2003, 2004) studies of Andean streams indicated that richness and diversity of benthic invertebrates of
streams that are physico-chemically comparable changes along the altitudinal gradients. Therefore, altitude
was not only useful to compare the benthic communities of several streams stretched along an elevation
gradient, but was also a useful surrogate for detecting the effect of local environmental change on benthic
communities. In areas with large elevation gradients, such as Andean regions, it would be easier to charac-
terize and separate the streams spatially. This is because taxonomically different communities of benthic
invertebrates are usually encountered. However, streams stretched over a short elevation gradient most
probably have assemblage of similar invertebrates (i.e., taxonomically) that have differences only in abun-
dance. The community difference based on the abundance can be detected if streams are in close geographical
proximity, and therefore, species can migrate along the elevation gradient (Hughes et al. 2008).

Previous studies have proposed that freshwater systems of Ontario Precambrian Shield are vulnerable to
effect of environmental change such as climatic change (Magnuson et al. 1997; Schindler et al. 1996).
Obtaining long-term data on environmental variables is an expensive and time-consuming process. It should
be possible to substitute space for time instead to generate similar information in a shorter period. The
differences of environmental variables associated with an elevation gradient (e.g., temperature) corresponding
to change in benthic invertebrate communities of comparable freshwaters can be potentially used for this
purpose. In this study, we compared communities of benthic invertebrates from several hydrologically
comparable intermittent headwater streams spanning an elevation gradient (i.e., 180—472 m) over a specific
period (i.e., April-July 2010; May—July 2011) to determine whether their communities are different from one
another based on community abundance and indices such as functional feeding groups (FFG), diversity,
richness, and evenness. The objective was to determine whether the variance in biotic communities can be
explained by local variable(s) that are associated with regional variable(s) as elevation changes. If variance is
detected it would suggest that elevation can be a useful surrogate to look at the long-term effect of envi-
ronmental change (e.g., climatic change) on freshwater biotic communities of the Precambrian Shield.

Methods
Study area

Streams were located from Georgian Bay- Massassauga Provincial Park to Algonquin Provincial Park with a
rapid elevation increase extending from 180 to 472 m at 45°N on the Canadian Precambrian Shield (Fig. 1).
Based on the region’s topography, three headwater streams in Algonquin Provincial Park (i.e., D1, G1, and
El) were chosen at higher elevation. Two streams in Arrowhead Park (E2 and F1) and an additional stream
near Harp Lake, Dorset (HP3A) were chosen at mid elevation. At the lower elevations, a stream in Mas-
sasauga Provincial Park (H1) and a stream in the District of Parry Sound (H2) were chosen. Period of the
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Fig. 1 Location of study streams in Precambrian shield, Ontario, Canada, 2010-2011

samplings was based on the start of the freshet each year, accessibility to the streams after the freshet, and also
the time when streams dry up (i.e., presence of flow). The corridor from Massassauga to Algonquin sits on
metamorphic bedrock with thin top soil layer. Streams were all fishless.

Sampling benthic invertebrates

Monthly samples of benthic invertebrates were obtained between April-July 2010 and May—July 2011 using a
small net with a flexible frame and a mesh size of 250 pm. Samples were collected by walking along the width
of the stream, vigorously kicking the substrate to disturb it to a depth of ~ 5 cm for about 3 min. Samples
were collected from one reach (i.e., two riffles and one pool). In all streams, pools and riffles are near each
other, so that with exception of sedentary benthos (e.g., bivalves), most benthic species occur in both habitats.
The mesh size, sampling procedure including the effort time, and habitat types were determined and stan-
dardized based on a pilot study that we conducted in the previous year (April-June 2009). Samples of benthos
transported in 3 L whirl-packs and preserved in ethyl alcohol anhydrous solution (85.5% ethanol and 13.7%
methanol, and 0.85% ethyl acetate; ACP Chemical Inc). The benthos samples were sieved and sorted in the
laboratory and all insects were identified to genera and species level. Individual species were subsequently
placed in appropriate functional feeding groups based on Merrit et al. (2008) and Barbour et al. (1999). A
detailed list and abundance of species collected are provided in Online Appendix 1.

Temperature and precipitation
Water and air temperatures were obtained using iBTag Alpha Mach Inc. temperature data loggers from April

to July for 2010 and May to July at every 3 h interval for 2011, as no significant pattern of change were
detected on hourly basis. For each study, stream two sets of loggers were installed: one at the designated reach
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and one monitoring the air temperature adjacent to the stream (i.e., attached to a tree adjacent to the designated
reach). All the temperature loggers were synchronized, so that the air and the stream temperature recordings at
all the elevations and streams were running simultaneously.

Degree day (DD) was calculated April-July 2010 and May—July 2011 based on accumulated temperature in
each stream above 0 °C and below 16 °C. Poikilotherm development is best modelled using DD as the unit of
temperature-time (Baskerville and Emin 1969; Beresford and Sutcliffe 2009). DD is defined as 1 °C per 24 h
above some developmental threshold temperature. Based on the 2 years, our investigation and monitoring of
the stream temperature we found that streams dry up as soon as water temperature exceeds 16 °C (i.e., being
intermittent headwater streams), so we used the number of DD accumulated based on this measure to estimate
the developmental threshold of benthos. In addition, since the streams dry up, there was a clear indication that
ground water by means of water from the saturated zone had no influence on these streams or on their
temperature (J.M. Buttle, School of Environment, Hydrology, Trent University—personal communication,
November 05, 2010). We calculated mean monthly precipitation based on the data collected from the his-
torical climate data of Environment Canada for Algonquin Provincial Park (streams D1, G1, and El),
Arrowhead Provincial Park (streams E2 and F1), Harp Lake, Dorset (stream HP3A), Massasauga Provincial
Park (stream H1), and the District of Parry Sound (stream H2) (http://climate.weather.gc.ca/).

Chemical data

Stream pH and conductivity were measured monthly (April-July 2010, July 2011) using an Accumet AP85,
Fisher Scientific Instrument. In addition, water samples were collected monthly for total phosphorus (TP) in
35 ml p-tubes and for total nitrogen (TN) dissolved organic and inorganic carbon (DOC and DIC) in 500 ml
PET jars in 2010 and only in July for 2011 (Online Appendix 2). Chemical analyses were performed at the
Dorset Environmental Science Centre, Dorset, Ontario or Trent University following the Ontario Ministry of
Environment and Climate Change standard method (Sutey et al. 2015).

Data analysis

Ordinations of benthic community data were performed by non-metric multidimensional scaling (NMDS)
based on the Bray-Curtis similarity index and were performed after fourth-root transformation to down weight
the influence of dominant species and to normalize the data. The stress value function was used to assess the
representations of NMDS solutions according to (Clark and Gorley 2015). The guideline indicates that a stress
value of < 0.05 gives an excellent representation with no misinterpretation. The significance of any dis-
crimination between sites was tested using analysis of similarity (ANOSIM) test with R ranging from —1 to 1
at o = 0.05. Similarity percentage test (SIMPER) was used to calculate the contribution of individual species
to similarity or dissimilarity between streams. NMDS analyses were performed using PRIMER v 7 (Clark and
Gorley 2015).

A detrended correspondence analysis (DCA) of benthic communities was performed for 2010-2011. This
was done to determine whether species have a linear or a unimodal distribution and to determine what
ordination analysis is appropriate to correlate benthos abundance data with environmental variables. For each
DCA analyses, we down-weighted the rare species. Based on the first axis lengths gradient of DCA in 2010
(i.e., 1.4), species had a linear distribution. Therefore, redundancy analyses (RDA) were used to correlate the
communities of species in 2010 (May—July) to environmental variables (i.e., chemicals, water temperature,
DD, precipitations, and catchment area). Result of first axis length gradient of DCA for July 2011 was
inconclusive (i.e., 2.2); therefore, canonical correspondence analysis (CCA) and RDA were used to correlate
July benthic data to July environmental data. For each set of RDAs and CCAs, we sequentially removed
variables with high inflation rate (i.e., > 10) and a Monte-Carlo permutation test (999 unrestricted permu-
tation) was ran to account for the variables that significantly (i.e., P < 0.05) contribute to the species vari-
ations. A correspondence analysis (CA) was performed on the benthos community 2010-2011. The first and
second CA axis (CA1l and CA2) scores (i.e., for streams) obtained were correlated with environmental
variable(s) that significantly accounted for variation in benthic communities along the elevation gradient. This
will determine if the environmental variable correlates with the variation of benthic community in streams and
whether this is elevational dependent. We fourth-root transformed the species relative abundance and
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normalized the environmental variables before these ordination analyses. The CANOCO for Windows 4.5 (ter
Braak and Smilauer 2002) was used for DCA, RDA, and CCA. CA analyses was conducted in PAST v 2.14
(Hammer et al. 2001). Species codes are provided in Online Appendix 3.

Following the ordination analyses of communities, a two-way ANOVA (i.e., difference in elevation and
month) was performed in PAST v 2.14 (Hammer et al. 2001) on the communities’ richness, Shannon-Weaver
Diversity (H'), evenness, and FFGs. A two-way ANOVA was also used to compare the chemical variables
between streams at different elevations in 2010. For 2011, only the July pH, TP, and TN data were available
which we compared using a one-way ANOVA. In addition, linear regressions were performed to predict the
effect of air temperature on stream temperature variation, 2010-2011. This analysis will determine whether
change in air temperature along the elevation will influence the streams temperature variation. Analysis for
each year was kept separate to determine if similar trend of variation (i.e., both biotic and abiotic) along the
elevation can be detected.

Results
Environmental variables and variations in community data

The 2010-2011 DD accumulated was higher in higher elevation streams compared to those at lower (Table 1).
The 2010 air temperature regression with streams temperature produced R” value of 0.86, which was sig-
nificant (F; 304r = 186.4, P < 0.001). The 2011 air temperature regression with stream temperature produced
R? value of 0.75, which was significant (Fy 54 = 64.6, P < 0.001). This result indicates that change in air
temperature along the elevation can account for variation in stream temperature.

Stepwise backwards elimination in RDA retained DD, catchment area, and water temperature as variables
that were correlated with benthic communities in 2010 (April-July; Fig. 2a). Water temperature was the only
factor in 2010 that significantly correlated with the communities (P = 0.03). CCA explained greater amounts
of species variation in July 2011 compared to RDA (29.9 vs. 23.4%). Therefore, CCA results are presented
here. Stepwise backward elimination in CCA retained catchment area, TP, TN, and water temperature as
variables that were correlated with benthic communities in July 2011 (Fig. 2b). Water temperature was the
only factor in July 2011 that significantly correlated with communities (P = 0.002). In 2010, CA1 did not
significantly correlate with temperature (R = — 0.225); however, CA2 significantly correlated with temper-
ature (R = 0.557). For 2011, both CA1 and CA2 significantly correlated with stream temperature (R = — 0.67
and R = 0.78). Results of the correspondence analysis are provided in Online Appendix 4.

Results of two-way ANOVA showed all FFG significantly differed between elevations in 2010 (Table 2A).
Shannon-Weaver diversity index, evenness, and both CAl and CA2 also differed significantly in 2010.
However, richness did not vary significantly (Table 2A). Similar results were obtained for 2011 for FFG,

Table 1 Study streams’ geographical location, elevation, location in Ontario Provincial Parks or district, mean DD accumu-
lated = SD, and mean stream temperature £ SD for April-July 2010 and May-July 2011

Streams Latitude Longitude Elevation Provincial =~ DD April- DD May- Temperature Temperature
(m) park/ July 2010 July 2011 April-July May-July
district 2010 2011
D1 45°27'03"N  78°48'05"W 472 Algonquin 845+ 112 23.6+ 120 11.4+32 129 £ 24
Gl 45°28'16"N  78°48'17"W 445 Algonquin  113.8 £4.3 282+ 41 113 £ 3.1 122 £2.0
El 45°28'42"N  78°48'55"W 425 Algonquin 1105 =39 280444 107 +34 11.3 £ 2.1
E2 45°25'51"N 79°11'17"W 373 Arrowhead 1124 +4.1 27.74+49 109 £33 11.6 £ 2.3
HP3A  45°22'24"N  79°08'56"W 362 Muskoka 755 £ 11.6 220+ 129 11.8 £3.1 135 £ 1.7
F1 45°23'52"N  79°11'35"W 337 Arrowhead 754 £ 11.0 21.0 £ 123 12.0 + 3.4 132 £ 2.1
H2 45°13'27"N  79°43/34"W 240 Parry sound 58.6 £ 82 224 £+ 103 128 £ 2.6 137 £ 0.5
H1 45°07'29"N  79°59'52"W 185 Massasauga  58.6 £ 82 13.7+93 128 £2.6 144 £ 1.6
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Fig. 2 Redundancy and canonical correspondence analyses of benthic communities and environmental variables, 2010-2011
a RDA April-July 2010 b CCA July 2011. Circles are study sites, and blue arrows (RDA) and triangles (CCA) are species, and red
arrows are environmental variables

Table 2 Two-way ANOVA results of community variables, (A) April-July 2010 (B) May-July 2011

Variables (A) 2010 (B) 2011

Elevation (8) Month (4) Interaction Elevation (8) Month (3) Interaction

F P F P F P F P F P F P
Shredders 143 <0.001 271.6 <0.001 143 <0.001 179 <0.001 3322 <0.001 17.6 <0.001
Collector filterers 140 <0.001 2554 <0.001 144 <0.001 179 <0.001 3189 <0.001 175 <0.001
Collector gatherers 144 <0.001 2489 <0.001 142 <0.001 172 <0.001 3300 <0.001 18.2 <0.001
Scrapers 145 <0.001 287.6 <0.001 143 <0.001 179 <0.001 364.6 <0.001 18.0 < 0.001
Predators 147 <0.001 259.5 <0.001 139 <0.001 17.7 <0.001 3013 <0.001 17.0 <0.001
Parasites 144 <0.001 290.5 <0.001 144 <0.001 18.0 <0.001 3647 <0.001 18.0 <0.001
Shannon-Weaver H  12.5 < 0.001 88.8 <0.001 14.1 <0.001 105 <0.001 92.1 <0.001 146 <0.001
Evenness 141 <0.001 2413 <0.001 145 <0.001 169 <0.001 2985 <0.001 182 <0.001
Richness 1.6 0.14 240.1 <0.001 24 0.01 1.5 0.2 1834 < 0.001 1.9 0.05
CAl 172 <0.001 262.1 <0.001 11.8 <0.001 15.1 <0.001 160.6 <0.001 74 <0.001
CA2 12.8 < 0.001 2379 <0.001 11.7 <0.001 16.1 <0.001 2834 <0.001 13.5 <0.001

The number of months and elevation sites (i.e., streams) is in the brackets

Shannon-Weaver diversity index (H'), evenness, and CA1l and CA2, and richness did not significantly vary

again (Table 2B).

Based on the results of the two-way ANOVA water temperature significantly differed between streams at
different elevations (i.e., lower to higher elevations) in 2010. However, precipitation did not vary significantly
in 2010 (Table 3A). Result of the two-way ANOVA indicates that for 2010, all water chemistry variables were
significantly different between streams at different elevations (Table 3A). Results of the 2011 two-way
ANOVA water temperature showed significant difference between streams at different elevations. However,
precipitation did not vary significantly in 2011 (Table 3B). Result of the one-way ANOVA indicates that July
2011 water chemistry variables did not vary significantly between streams at different elevations (Table 3B).
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Table 3 (A) Two-way ANOVA results of environmental variables, April-July 2010. (B) Two-way ANOVA results of tem-

perature and precipitation May—July 2011 and one-way ANOVA of July 2011 chemical variables

Variables (A) 2010 (B) 2011

Elevation (8) Month (4) Interaction Elevation (8) Month (3) Interaction

F P F P F P F P F P F P
pH 129 <0.001 2152 <0.001 154 <0.001 091 0.55 - - - -
DOC (mg/L) 2.5 0.02 7.2 < 0.001 1.2 029 - - - - - -
DIC (mg/L) 7.3 < 0.001 11.3 < 0.001 26 <0.001 - - - - - -
TP (pg/L) 1.6 0.16 6.0 < 0.001 1.6 0.1 0.96 0.52 - - - -
TN (pg/L) 13.7 <0.001 2275 <0.001 134 <0.001 1.0 0.49 - - - -
Conductivity (uS/cm) 30.6 < 0.001 3519 <0.001 283 <0.001 - - - - - -
Temperature (°C) 33 0.005 164.7 < 0.001 14 0.16 3.9 0.002 2616 <0.001 19 0.05
Precipitation (mm) 0.3 0.94 1232 < 0.001 0.34 0.99 0.1 0.99 127.6 < 0.001 0.03 0.99

The number of months and elevation sites (i.e., streams) is in the brackets
DOC dissolved organic carbon, DIC dissolved inorganic carbon, TP total phosphorus, TN total nitrogen

Community data 2010-2011

NMDS ordination of 2010 abundance data (April-July) in two-dimensional space yielded a clear separation
between streams (stress value 0.04). Streams E2, F1, and HP3A and D1 sit in center of biplot; E1 at bottom-
left and G1 at middle-top of biplot; HI and H2 at right of the biplot (Fig. 3a). One-way nested ANOSIM yields
a significant difference between benthic communities at different elevations (global test R = 0.380,
P =0.001). Pairwise ANOSIM test indicates that D1 and E1 are significantly different from H1 and H2
(global test RD]—HI = 0854, PDl—Hl = 003, RD]—H2 = 0635, PDl,HQ = 003, REl—Hl = 0896, PDl—Hl = 003,
Rei_m2 = 0.833, Pgi_pp = 0.03). E2 and F1 significantly differed from H1 and H2 (global test Rg, gy = 0.729,
PE27H1 = 003, RE27H2 = 0635, PE27H2 = 003, RFlle = 0688, PFlle = 003, RFlfHZ = 0479, PFlfHZf
= 0.03). HP3A significantly differed from H1 (global test R = 0.573, P = 0.03). NMDS ordination of 2011
abundance data (stress value 0.04) in two-dimensional space yielded a clear separation between streams that
are located at high and mid elevations (i.e., D1, G1, E1, E2, HP3A, and F1) from those at the lower elevation
(i.e., H1 and H2). The 2011 result was similar to 2010; however, stream F1 sit closer to H2 (Fig. 3b). One-way
nested ANOSIM yield a significant difference between benthic communities at different elevations (global test
R = 0.496, P = 0.001). Pairwise ANOSIM test for 2011 was slightly different. E1 and G1 were significantly
different from H1 (global test Rgi_yg; = 0.926, Ppi_g; = 0.03; Rgi_ga = 0.778, Pgi_g1 = 0.03).

Based on the 2010 results of SIMPER test on benthic communities, the highest dissimilarity was between
streams E1 and H1 (SIMPER average dissimilarity = 72.0%) with top five contributor species Crangonyx sp.
(5.2%), Caecidotea sp. (4.4%), Prosimulium sp. (4.1%), Parapsyche apicalis (4.0%), and Notopanisus sp.
(3.8%). Streams G1 and H1 showed the second highest dissimilarity (SIMPER average dissimilarity = 71.6%)

—
2D Stress: 0.04

A .G1 2D Stress: 0.04 B E2 G1 -
[
DA D1 H2
[ ] H2 ] ¢
PSR % 5 HP3A | ®
oF1 [ )
OE2 H"I
E.1 H1
¢

Fig. 3 Non-metric multidimensional scaling analyses of benthic communities, 2010-2011 a April-July 2010 b May—July 2011.
Diamonds are lower elevation streams (185-240 m), circles are mid elevation streams (337-373 m), and squares are higher
elevation streams (425-472 m)
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with top five contributor species being Crangonyx sp. (7.3%), Caecidotea sp. (6.2%), Micropsectra polita
(5.5%), Prosimulium sp. (5.5%), and Sweltsa naica (3.9%). Results of SIMPER test for 2011 were slightly
different. The highest dissimilarity was between streams E1 and F1 (SIMPER average dissimilarity = 73.0%)
with top five contributor species Siphlonurus marshalli (3.4%), Isoperla richardsoni (3.1%), Parametrioc-
nemus lundbeckii (2.7%), Micropsectra polita (2.5%), and Sweltsa naica (2.4%). Streams E1 and H1 had the
second highest dissimilarity (SIMPER average dissimilarity = 67.5%) with top five contributor species
Simulium sp. (4.1%), Nemoura trispinosa (3.7%), Crangonyx sp. (3.1%), Thienemannimyia group (3.1%), and
Siphlonurus marshalli (3.0%).

Discussion
Delineating the effect of temperature

In this study, streams of similar size and same order were chosen, and in addition, we eliminated or minimized
the effect of the predatory fish, bedrock geology and ground water influence to limit the local environmental
variables that may obscure the effect of elevation. Therefore, due to close geographical proximity (i.e.,
< 100 km) and similarity in habitats (i.e., first-order streams in mixed-deciduous forest), much of the com-
munity differences can be inferred to be caused by elevation, with any differences in the hydrological
properties of the streams (e.g., order: substratum, size) having minimal effect on benthic communities’
composition. This argument is further supported by the fact that the variation in the different stream com-
munities was mainly attributed to differences in temperature between streams. Parameters such as water
chemistry and catchment area did not explain the observed community variations. We also found that changes
in air temperature along the elevation gradient accounted for variations in stream temperature. Given that
precipitation (i.e., another climatic factor) did not vary with elevation, we argue that any changes in air
temperature due to elevation directly influence stream temperature.

From this, we infer that temperature associated with elevation can account for differences in abundance,
diversity and FFG of communities. This is supported by the results of the 2010-2011 pairwise ANOSIM and
SIMPER analyses, which indicate that the main differences in benthic communities were between high and
low elevation streams, with the greatest difference accounted by cold-stenothermic species, e.g., insects such
as Plecoptera species Sweltsa naica, Nemoura trispinosa and Isoperla richardsoni, Ephemeroptera species
Siphlonurus marshalli, Trichoptera species Parapsyche apicalis, and Diptera species Prosimulium sp.,
Simulium sp., Parametriocnemus lundbeckii and Micropsectra polita. Haidekker and Hering (2008) have
previously shown that in small streams with differences of up to 3 °C, cold-stenothermic insects can account
for majority of the variation in benthic communities. Given that mean April-July 2010 and May—July 2011,
temperature difference between high and low elevation streams (i.e., E1, D1, G1, and H1 and H2) was 2.1 and
3.1 °C, respectively, it appears that only the higher elevations had streams close with optimal temperature
condition (i.e., cooler) for high benthic insect abundance and diversity.

Distinguishing the effect of water temperature on communities of streams benthos from other environ-
mental variables (i.e., physical and chemical) is a challenging task. This is especially true if streams are of
different size, depth, flow, and substrate types (Arai et al. 2015; Duggan et al. 2007; Phillips et al. 2015; Quinn
and Hickey 1990; Statzner and Higler 1986). Headwater streams naturally control for many confounding
factors as they have significantly lower or no anthropogenic impact and lower variation in flow regimes and
water quality year around (Arai et al. 2015; Cummins 1974; Karr and Dudley 1981; Moore and Wondzell
2005; Richardson and Danehy 2007). Therefore, temperature plays a significant role for benthic invertebrates
of headwater streams (Arai et al. 2015; Chang et al. 2012). For example, few eurythermic species are found in
headwater streams in general (Haidekker and Hering 2008). Increasing a stream’s temperature can have a
significant impact on physiology, ecology, and life history of organisms living in streams (Angilletta 2009;
Sheldon and Tewksbury 2014a, b). We are still at the preliminary stage of understanding of how temperature
change shifts the communities in freshwaters as a whole and in long term. Moreover, consensus on how this
change occurs varies perhaps due to differences in geographical regions, scale of the study and type of the
freshwaters. In this study, data are only suggestive that temperature accounts for variation among community
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of benthos (i.e., based on the CA analysis species scores correlation with stream temperature, RDA and CCA
analyses, DD, and temperature data).

Intermittent nature of the streams, flow regime, and drawbacks

The intermittent natures of the streams in addition to their inaccessibility were major drawbacks in our study.
This means that many routine or daily measurements such as water chemistry, DO, and flow regime were not
obtainable throughout the sampling season. The year around flow of the streams has influence on abundance
and function of benthic communities (Boulton and Lake 1988; Hose et al. 2005), yet cannot be determined
with certainty in this study. In the 2010, freshet started in April and stream flow lasted until late July with all
streams at higher elevation (i.e., D1, G1, and E1) and those at mid elevation (i.e., E2, HP3A, and F1) having
flow during this period. However, in 2011, freshet started in mid-May and stream flow lasted until mid-July
with many streams experiencing (i.e., at all elevations) drought after this period. These combined with the
2 year accumulated DD indicate that streams at mid-to-high elevation dry up much later in summer compared
to those of lower elevation which further could indicate a prolonged period of drought for the latter. Given that
precipitation did not significantly varied between streams, we can suggest that difference of air temperature
driven by difference in elevation may accounts for considerable variation in flow regimes as well. That is if we
exclude the influence of the ground water or subsurface flow which were minimized in this study. Therefore, at
least for the summer months when the community data are obtained we can expect a lower community
measures such as abundance, diversity, and functional differences in low elevation streams compared to those
at mid-higher elevation. Results of DD and temperature data suggest that streams water at lower elevations
evaporate faster than those in mid-higher elevation. Furthermore, similarity of benthic community of stream
F1 located at mid elevation (at lower range for this elevation) to stream at low elevation in 2011 suggests that
during prolonged low flow regimes, streams at mid-higher elevation can eventually resemble those of the low
elevation. This is because shorter growth periods for benthos can limits their resources such as food, timing of
emergence, and synchrony of emergence among competing species (Hynes 1958; Boulton 2003; Cowx et al.
1984) and hence limit space and time for many benthic invertebrates. Therefore, based on the 2010-2011
results of abundance, diversity, and FFG, we can only suggest that higher elevation streams provide a better
condition for insect’s growth and colonization during the months that optimal conditions are not obtainable in
lower elevations. This also suggests that flow regime change in this region will be more detectable for streams
of lower elevation. However, further increase in temperature and drought can eventually impact streams at
higher elevations as well.

Elevation and community of benthos

Past studies in their accounting the community differences of invertebrate communities along elevation
gradient (e.g., Huey 1978, Jacobsen et al. 1997; Jacobsen 2003, 2004; Lawton et al. 1987; MacArthur 1972;
McCoy 1990; Stevens 1992; Scheibler et al. 2014; Vinson and Hawkins 1998) have used large elevations
(i.e., > 100 m of difference). These studies in general encountered communities with different taxonomic
groups stretched along large elevation. However, in this study, communities are stretched over a short
elevation gradient (i.e., 287 m of difference). Therefore, the difference in communities is mainly driven by the
change in abundance of benthos along the elevation, and not necessarily driven by different taxonomically
structured communities (Hughes et al. 2008). Therefore, for geographical areas such as the Precambrian
Shield of Canada which large elevation gradient is not obtainable, task of discriminating communities of
benthic invertebrates should rely on this abundance difference and probably lowest possible taxonomic
identification of benthos (i.e., genus and species) is also required.

The 2010-2011 result obtained from richness did not produce a support for our objectives of showing
difference in communities of benthos along a short elevation gradient. The fact that richness did not signif-
icantly vary among the streams is due to the fact that the difference in communities is not based on difference
in the number of taxonomically different species but on differences in abundance. An effect on richness per se
might be found across a larger elevation gradient (e.g., Jacobsen 2003; McCoy 1990; Monoghan et al. 2000;
Ramirez and Pringle 1998; Stout and Vandermeer 1975). We found that only the abundance of different FFG
varies between streams of different elevation and not the type of FFG which further indicates that communities
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are not taxonomically different. Therefore, result of the richness obtained in this study is not comparable with
other studies having large elevation gradients (e.g., Jacobsen 2003; McCoy 1990; Monoghan et al. 2000;
Ramirez and Pringle 1998; Stout and Vandermeer 1975), so that variation in abundance (i.e., species and FFG)
and diversity is better measures for community difference compared to richness using low elevation gradients.
Richness, however, varied monthly within and between streams. Therefore, we can assume that certain taxa
could locally go extinct during the months that streams dry up or harsh stream conditions (e.g. high tem-
perature) sets in. This also means that populations of these species can thrive in other elevations with
suitable environmental conditions (i.e., via migration). Many benthic invertebrates in this study streams (i.e.,
insects) have high natural dispersal capability and, therefore, capable of rapid colonization of other waters.

In this study, we showed that difference between benthic invertebrate communities of several physico-
chemically comparable head water streams stretched along a short elevation gradient can be detected. The
variation among benthic communities was mainly based on their abundance, FFG and diversity and not
richness. Furthermore, among several obtainable and measured physico-chemical variables, stream temper-
ature associated with altitudinal difference accounted significantly for the variation among benthos. Therefore,
effects of change in environmental variables (e.g., temperature) on freshwater communities, associated with
short elevational difference, can be inferred and used as a proxy for anticipated environmental change (e.g.,
climate) over time.
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