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Abstract 
 
Arctic ecosystems are amongst the most vulnerable on Earth to ongoing climate change. While 
the responses to these changes are well studied on land, less is known about how aquatic 
communities may respond to a warmer arctic. For stream invertebrate communities, 
predicting such responses requires basic understanding of how and why different taxonomic 
groups fluctuate throughout the year. However, few studies have assessed the community 
dynamics of stream macroinvertebrates across seasons in the Arctic. In this project, I asked 
how macroinvertebrate community structure changes between months and across seasons in 
a small Arctic stream in northern Sweden. I expected that community change over time would 
reflect changes in the supply of organic matter (e.g., leaf litter and algae) to dominant 
consumers. A total of five transects were sampled for macroinvertebrates each month from 
July to April using Surber sampling. I used descriptive and multivariate analyses to evaluate 
changes in community structure between months and seasons. Marked differences in 
community composition were found between the seasons with detritivores (shredders) 
dominating the autumn months possibly reflecting input of birch litter and high abundances 
of grazers during and post winter, possibly reflecting primary production early in spring. 
Expected climate change effects in the Arctic include warmer temperatures and increases in 
the terrestrial plant productivity. My results suggest that these shifts could cause changes in 
stream community composition, driven by increases in deciduous litter inputs that promote 
shredders and/or by increases in primary production during spring that favour grazers and 
collector-gatherers, which feed on algae. 
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1. Introduction 
 
 
In the Arctic, several effects of the changing climate have been shown, one of them being that 
temperature has increased more than twice as fast as the global average, also referred to as 
arctic amplification (Kivinen et al. 2017). This warming is expected to change plant 
composition, including shifts from vascular plants to more deciduous and woody species, 
which may result in increased litter input into the stream as well as a decrease in light 
availability (Laerkedal Sorensen & Michelsen 2011). Oligotrophic waters in the Arctic are 
thought to be extra sensitive to changes in terrestrial productivity as a warming climate alters 
terrestrial-aquatic linkages due to permafrost thaw and associated increases in nutrient supply 
(Kendrick et al. 2018). Overall, while responses to climate changes in the Arctic are relatively 
well studied for terrestrial ecosystems, much less is known about how aquatic communities 
may respond to warmer temperatures, partly due to the major logistical challenge of accessing 
field sites in the winter. However, to assess these responses, basic understanding of how and 
why communities fluctuates throughout the year is needed. 
 
Aquatic habitats across the Arctic share harsh environmental conditions, with extreme 
seasonality that includes long and dark winters followed by short, light, and cool summers (Ehl 
et al. 2019). This seasonality drives strong temporal variation in the availability of food for 
aquatic consumers. Consumers in aquatic environments are usually dependent on resources 
from both within (autochthonous e.g., periphyton) and outside (allochthonous e.g., leaf litter) 
the ecosystem and are affected by extreme variation in food quantity and quality (Junker & 
Cross 2014). In Arctic streams, changes in light availability are particularly dramatic and gross 
primary production (GPP) is thought to show variation following these light trends, with 
highest production during spring and summer (Huryn & Benstead 2019). Because algae is an 
important food source, the abundance of macroinvertebrate consumers in Arctic streams often 
track these seasonal patterns of primary production. In addition to this, inputs of coarse 
particulate organic matter (CPOM) usually occur when photosynthesis is low (in autumn) and 
generally provides seasonal energy pulses in forms of leaf litter but also provides substantial 
energy throughout the year (Allan 1995). While the importance of the autumn litter fall is 
widely recognised, the role of these inputs in the Arctic are not well studied. 
 
Stream macroinvertebrate community dynamics (i.e., community changes over time) are 
influenced by a range of life history attributes that vary among species (Poff 1997) and 
determine such things as development from egg to adult, as well as the abundance and duration 
of these stages (see review by Huryn & Wallace 2000). One important life history trait is 
voltinism, or the number of generations per year. Differences in voltinism among 
macroinvertebrates is expected to follow a latitudinal gradient where lower latitudes offer a 
longer favourable environment for larvae to grow and thus result in several generations per 
year. By contrast, at higher latitudes, the same taxon tends to become univoltine (i.e., one 
generation per year) (Shama et al. 2011). In addition to these life history traits, stream insects 
in extreme environments may also enter diapause, which is a state of dormancy in the 
physiological development and can be important for many insects’ over-wintering success. For 
example, diapause allows insects to survive environmental stress events as well as coordinate 
growth, development, and reproduction within taxa. After terminating diapause, 
macroinvertebrates are reactive to environmental cues to initiate growth (i.e., post-diapause 
quiescence) (Bale & Hayward 2009). For many insects, synchronous life-cycle events are 
important factors which can have advantages in utilizing short periods abundant in food 
availability (e.g., autumn detritus). For most macroinvertebrate communities however, details 
about these previously mentioned processes are missing (Huryn & Wallace 2000). 
 
One key life history trait of stream macroinvertebrates relates to their mode of feeding, usually 
referred to as the functional feeding groups (FFGs) (Allan 1995). Complex and dynamic stream 
ecosystem processes can be further understood using FFGs and they are today widely used in 
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both biomonitoring and ecological assessments (Rawer-Jost et al. 2000). These FFGs are 
divided into shredders, collector-filterers, collector-gatherers, grazers and predators 
(Cummins & Klug 1979; Allan 1995). Some FFGs are thought to be more plastic to changes in 
food availability (e.g. collector-gatherers), while others more fixed FFGs (e.g., shredders and 
grazers) are thought to be more sensitive to changes in food availability (Rawer-Jost et al. 
2000). Grazers mainly feed on periphyton and shredders generally feed on non-woody CPOM 
in the form of e.g., leaf litter (Allan 1995). An example of the feeding habits of shredders was 
shown in the study by Benstead & Huryn (2011) where the peak in growth rates and biomass 
for two dominant shredders (Nemouridae and Limnephilidae) during mid-winter matched the 
trends of litter breakdown (Benstead & Huryn 2011). Different FFGs are thus thought to track 
the abundances of different food sources (Kendrick et al. 2019) and therefore may be important 
in driving community composition changes after fluctuations of these. 
 

1.1 Study aim and hypothesis 
The Arctic has been shown to be extra sensitive to the effects of global warming yet the 
responses to these effects in Arctic aquatic ecosystems are poorly understood, partly due to the 
hard access of sampling during winter conditions, and partly due to the huge area the Arctic 
covers. To assess these responses, basic understanding of how and why the community 
fluctuates throughout the year is needed. 
 
In this paper, I asked how macroinvertebrate community composition changes across seasons 
in the Swedish Arctic. To answer this question, I analysed family-level abundance estimates 
from July to April in a small birch forest stream in northern Sweden. The hypothesis for the 
study was that the community shifts between seasons following the temporal fluctuations in 
food resources, as suggested by previous studies. If so, I predicted to see an increase in 
shredder abundances during periods of high leaf litter input, as well as an increase in grazers 
during times when primary production is expected to be high. 
 
 

2. Material and methods 
 
 

2.1 Study site  
The study was conducted at site ‘M16’ in a third order stream in the Miellajokka catchment 
(fig. 1) near the town Abisko (68°19’23’’N, 18°51’57’’E) in northern Sweden. The drainage area 
of Miellajokka catchment is 51.6 km2 and the altitude alters from 1731 m.a.s.l. at the headwater 
streams down to 384 m.a.s.l. at the outlet at Torneträsk. The vegetation in the riparian zone 
above altitudes of approximately 550 m is dominated by heath/meadow with willow (Salix 
ssp.) while deciduous forest (Betula pubescens Ehrh. spp czerepanovii) dominates the lower 
altitudes below the tree line (Giesler et al. 2014; Hauptmann 2019). The mean precipitation in 
the area is 307 mm yr-1 and the mean temperature is -0.5 ˚C yr-1 (Kivinen et al. 2017; 
Hauptmann 2019). During the study period, the mean temperature month-1 ranged between 
0.3 to 8.5 degrees. The bedrock in the catchment area consists mainly of granitoid, amphibolite 
and quartz arenite and the soil cover is predominantly moraine (The Geological Survey of 
Sweden n.d. a; The Geological Survey of Sweden n.d. b). The average substrate size at the site 
is 3.4 cm (Myrstener, unpublished). 
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Figure 1 Position of Abisko in Sweden where Miellajokka catchment is. Sample site M16 in the Miellajokka 
catchment and the ten transects used in the sampling. 
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2.2 Sample collection 
Macroinvertebrates were collected approximately monthly from July 2018 until April 2019 
from site M16. Ten transects were first established along this site (ca. 20 m apart) and used for 
a range of biological and chemical sampling. At seven of these transects, a Surber sampler (0.05 
m2) with a mesh size of 500 µm was used to collect quantitative macroinvertebrate samples. 
Standard field sampling protocol was followed. First, the largest substrata (i.e., rocks) within 
the Surber sampler frame were individually scrubbed into a bucket, which was then poured 
through the sampling net. Second, the stream bottom within the frame area was agitated 
manually to 2-4 cm depth for 1 minute. All the benthic material captured in the net was 
transferred to 1-liter bottles and preserved in 96 % Ethanol. For this study, data from five of 
these transects was analysed each month (T1, T3, T6, T7, T8). Exceptions were February (T1, 
T3, T5, T7, T8), March (T1, T3, T5, T6, T9) and April (T1, T2, T3, T8, T10) where ice cover 
prevented access to some transects.  
 
2.3 Analysing samples 
To exclude the macroinvertebrates, each sample for each transect and month were filtered to 
separate coarse and finer material using a 4 mm sieve (mesh size 5) for coarse material and a 
63 µm sieve (mesh size 230) for finer material. The coarse material was cleaned, and 
macroinvertebrates were picked by eye. Macroinvertebrates from the fine fraction were picked 
using a Zeiss Stemi 1000 stereo microscope under 10x (10 x 1.0) magnification. The 
macroinvertebrates were then sorted and put in glass vials and preserved in 96 % Ethanol. The 
taxonomic resolution family was chosen, and the keys used for identification were Nilsson 
1996; Nilsson 1997. The abundance of each family was counted and individuals that could not 
be identified to family were sorted to order except for the families Leuctridae and Capniidae 
which were counted together due to difficulties separating the early instars within these 
families. The FFG for each family was assigned according to Poff et al. (2006). Those families 
missing in Poff et al. (2006) were assigned FFGs based on information from other keys, as well 
as from the primary literature (Meritt, Cummins & Berg 2008).  
 

2.4 Statistical analyses 
The abundance/m2 (appendix I) was calculated using the sample area of 0.05 m2 as well as the 
total abundance for each transect. The months were classified in seasons of summer (July-
August), autumn (September-October), winter (November-March) and early spring (April). A 
temperature limit of 5 ̊ C was used to separate the autumn and winter months. All the following 
statistical analyses uses a p-limit of 0.05 as significant and 999 permutations. The change in 
community composition over time (for both families and FFGs) was visualized using non-
metric multidimensional scaling (NMDS) ordination plot using the function metaMDS for 
NMDS in the package Vegan in R. According to (Clarke & Warwick 2001) a stress value of <0.2 
is considered a good fit for representing the variables of the data in two dimensions (Clarke & 
Warwick 2001). A PERMANOVA was performed to ask if there were significant differences in 
the community composition between the months using a Bray-Curtis dissimilarity index and 
the function adonis in the R-package Vegan. Levene’s test was used to assess if the assumption 
of equal spread among samples for the PERMANOVA was fulfilled. The functions betadisper 
and permutest in the Vegan R-package were used for this. A Pairwise permutation MANOVA 
(Pairwise PERMANOVA) was performed to assess between which months the difference was 
significant using the function pairwise.perm.manova in the R-package RVAideMemoire. For 
these previously mentioned analyses, total abundance data for each transect and family was 
used except for the FFG NMDS where total abundance of each FFG for each transect was used. 
To evaluate which families were responsible for driving the seasonal change, a SIMPER 
(Similarity percentage) analysis was performed using the function ‘simper’ in the package 
vegan in R. For this analysis, only the first-to-last month (e.g. August-October) for each season 
were used due to different number of months per season. For the simper analysis, total 
abundance per family and transect was used. Total abundance was plotted using R. The R-
version 3.5.1 was used for the statistical analyses. 
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3.  Results 
 
 

3.1 Abundance 
Overall, mean macroinvertebrate abundance in this stream varied by nearly 7-fold across 
months. The mean abundance was lowest during the summer months (2016-1900 m2), 
increased during the autumn (6876-9632 m2), and then declined rapidly to a low, but stable 
level during winter (12952-6760 m2) (fig. 2). Early spring showed an increase in abundance (to 
12708 m2) after the winter months. 
 

 
Figure 2 Box plot of abundance (ind./m2) month-1 on the x-axis with median and percentiles (25th, 75th) as well as 
means marked with points. Months on the y-axis divided into seasons by colours. 
 

3.2 Community composition 
The NMDS visualising the ranked total abundance of families per month revealed clear 
changes in community composition during this study (NMDS stress=0.19) (fig. 3). Specifically, 
this plot showed two distinct overlapping clusters containing the summer months and the 
winter months segregated along the NMDS-1 axis. The autumn months were not overlapping 
but had a bigger distance in relation to the other seasons than to each other.  
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The PERMANOVA results (p=0.001) showed that the community assemblage was significantly 
different between months (table 1). 
 

Table 1 PERMANOVA results based on a Bray-Curtis dissimilarity index of the community composition between 
months. df: degrees of freedom, SS: Sum of Squares, MS: Mean sum of squares. 

Source df SS MS Pseudo F P (Perm) 
Months 8 4.65 0.58 9.80 0.001 
Residuals 36 2.13 0.059   
Total 44 6.78    

 
The Pairwise PERMANOVA showed that the month-to-month combination of January-
February-March, September-October and April-November were not significantly different in 
the community composition (table 2). The rest of the combinations of months were 
significantly different from each other in terms of community composition. 
 
Table 2 P-values for each month-to-month comparison from the Pairwise PERMANOVA with those 
combinations not showing significant differences in community composition marked with an *. 

 April Aug. Feb. Jan. July March Nov. Oct. 
Aug. 0.018 - - - - - - - 
Feb. 0.041 0.018 - - - - - - 
Jan. 0.019 0.018 0.388* - - - - - 
July 0.018 0.023 0.019 0.018 - - - - 
March 0.032 0.018 0.385* 0.393* 0.018 - - - 
Nov. 0.085* 0.019 0.018 0.026 0.019 0.020 - - 
Oct. 0.018 0.019 0.018 0.018 0.018 0.018 0.018 - 
Sept. 0.018 0.018 0.019 0.018 0.018 0.018 0.018 0.082* 

 

Figure 3 NMDS ordination plot of dissimilarities in community composition of each month based on family 
abundance data for each transect (n=5; NMDS stress=0.19). The seasons are divided by colours. 
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The Similarity percentage (SIMPER) results further exploring the community composition 
change showed that a total of three taxa (Limnephilidae, Nemouridae and Chironomidae) were 
responsible for driving the seasonal change between summer and autumn with a total 
dissimilarity of approximately 53 % (table 3). Between autumn and winter, two taxa 
(Chironomidae and Nemouridae) were responsible for driving the change with a total 
dissimilarity of approximately 26 %. One taxon (Chironomidae) was responsible for driving 
the change between winter and early spring with a dissimilarity of approximately 30 %. For 
finding the taxa most responsible for driving the change, a limit of > 5 % was set. 
 
Table 3 SIMPER results for families responsible for dissimilarities between seasons (last month compared to first 
month). Season indicates in which of the compared seasons taxa was most abundant. Tax.: Taxon, % Di: % 
Dissimilarity, Li: Limnephilidae, Ne: Nemouridae, Ch: Chironomidae, Ta: Taeniopterygidae, SH: Shredder, CG: 
Collector-gatherer, GZ: Grazer. 

Summer-Autumn Autumn-Winter Winter-Spring 
Tax. Season % Di FFG Tax. Season % Di FFG Tax. Season % Di FFG 
Li Autumn 29.74 SH Ch Winter 20.11 CG Ch Spring 30.15 CG 
Ne Autumn 13.22 SH Ne Autumn 5.72 SH Ta Spring 3.50 GZ 
Ch Autumn 10.12 CG Ta Winter 3.74 GZ Li Winter 3.24 SH 

 
3.3 Functional feeding groups 
Changes in community composition also corresponded to clear shift in the abundance of 
different FFGs. In the NMDS, three clusters were visible containing the summer months, the 
autumn months and the winter months (NMDS stress=0.18) (fig. 4). 
 

 
 
 
 

Figure 4 NMDS ordination plot of dissimilarities in total abundance of FFGs for each month. The points 
represent each transect (n=5; NMDS stress=0.18) with the total abundance of FFGs. The seasons are divided by 
colours. 
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The FFG structure between months in percentages showed that collector-gatherers were most 
abundant during the summer months, the winter months and the early spring whereas for the 
autumn months, shredders were most abundant (table 4). 
 
 
 

 

 

4. Discussion 
 
 
Understanding how aquatic communities in the Arctic will respond to climate change is an 
important knowledge gap and predicting these changes in streams requires basic 
understanding of how and why macroinvertebrate community composition fluctuates 
throughout the year. Results from this study showed that the community in this stream 
changed across seasons and the families most responsible for these fluctuations were the 
shredder families Limnephilidae and Nemouridae, collector-gatherers in the family 
Chironomidae, and the grazer Taeniopterygidae. Throughout the study, the total abundance 
ranged between (1900-12708 ind./m2) and these changes in abundance were strongly linked 
to changes in the represented functional feeding groups (FFGs). As a result, the community 
composition showed unique patterns for each season with overall low abundance during 
summer, a shredder dominated community during autumn, an overall decrease in abundance 
during winter, and a peak in abundance early spring. 
 

4.1 Seasonal patterns in community composition 
During summer, the stream studied is usually characterised by elevated temperatures and high 
light availability. Not surprisingly, streams during summer in the Arctic are often characterised 
by the highest rates of gross primary production (GPP) due to the high light availability (Huryn, 
Benstead & Parker 2014; Huryn & Benstead 2019). However, for the stream studied here, the 
community during summer showed overall the lowest abundance. Furthermore, a parallel 
study at this site suggests that macroinvertebrate biomass during summer dropped drastically 
between July and August (Kaylor, unpublished) while abundance only dropped slightly. These 
patterns suggest that larvae and nymphs are emerging to adults between these summer 
months, when environmental surroundings on land are most favourable. However, the 
emergence during this part of the summer means that several families do not utilize the entire 
favourable summer season as larvae or nymphs. This could be linked to the short time before 
conditions become unfavourable (e.g., too cold) thus, forcing emergence of adults to this short 
window when the stream itself is relatively productive. Overall, these results highlight an 
important environmental constraint on the time of adult emergence at very high latitudes that 
has consequences for seasonal patterns of aquatic communities, and very likely for energy flow 
through the stream food web during summer when many macroinvertebrates are absent from 
the stream and don’t utilize the high production rates. 
 

Month  FFG 
% CG % CF % GZ % P % SH 

July 71.4 (4.9) 11.2 (4.4) 3.0 (1.1) 7.2 (1.1) 20.2 (13.0) 
August 81.1 (4.6) 3.2 (1.4) 0 0 6.8 (1.8) 9.0 (2.5) 
September 35.6 (2.8) 3.2 (1.4) 0 0 3.7 (1.0) 57.6 (2.1) 
October 34.8 (3.5) 5.3 (2.1) 0 0 2.7 (1.0) 57.1 (4.0) 
November 56.3 (5.1) 3.6 (0.6) 6.6 (0.8) 2.4 (0.5) 31.1 (4.3) 
January 55.8 (4.5) 5.4 (2.1) 6.8 (2.4) 3.4 (1.0) 28.6 (2.3) 
February 61.8 (7.6) 1.7 (0.8) 4.0 (1.3) 3.0 (1.0) 29.6 (6.9) 
March 64.5 (6.0) 4.0 (2.0) 9.3 (1.6) 3.7 (1.1) 18.5 (3.6) 
April 79.9 (3.5) 0.4 (0.2) 6.4 (2.7) 2.1 (0.5) 11.2 (3.3) 

Table 4 Percentages FFGs for each month with (S.E.). Division is done in the table by season. CG: Collector-

gatherer, CF: Collector-filterer, GZ: Grazer, P: Predator, SH: Shredder. 
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Historically, stream ecologists have focused strongly on the role of autumn litter inputs to 
streams (Allan 1995). For example, communities during autumn have been shown to be 
dominated by shredders in temperate forest streams, where leaf litter input functions as an 
important energy pulse (Hawkins & Sedell 1981). Yet, it was not clear that this same 
mechanism was also operating for Arctic streams, since as described by Zah et al. (2001), the 
consumer production in Arctic and alpine streams tend to be autochthonously dominated (Zah 
et al. 2001). However, the results for the summer to autumn transition showed that the 
community indeed moved towards a shredder-dominated community. As described by Huryn 
& Wallace (2000), synchronised life-cycles could be important when utilising resources only 
available for short periods of time, and as shown by Hawkins & Sedell (1981), densities of 
shredders are often highest during autumn where the leaf litter inputs are greatest. My results 
were consistent with these studies showing that the relative abundance of shredders increased 
during autumn (>40 % dissimilarity), thus possibly reflecting a synchronised life-cycle to times 
of high leaf litter input. However, these patterns may differ depending on the drainage and 
riparian zone of the stream. This stream is dominated by birch in the riparian zone, whereas 
most other streams in the catchment are dominated by tundra vegetation. Thus, these 
shredder-leaf litter patterns may be less prominent, while autochthonous production may play 
a more important role elsewhere in the landscape. Overall, these patterns suggest that a birch 
dominated riparian zone with inputs of litter during autumn play an important role in 
organizing the annual patterns of community composition in this Arctic stream. 
 
The transition from autumn to winter marks a dramatic change in the physical and chemical 
characteristic of Arctic streams, as temperatures drop, snow cover increases, and daylight 
becomes severely constrained. As daylight decreases and food availability drops, carbon (C) 
(or energy) limitation of organisms can become pronounced (Huryn & Benstead 2019). To 
survive the autumn to winter transition, many insects enter diapause and for many insects the 
diapause terminates mid-winter when they no longer risk autumn warm spells to initiate 
growth. This early termination of diapause thus occurs before favourable environmental 
conditions occur (Bale & Hayward 2009). For example, a study of Taeniopterygidae in an 
Alpine stream suggests that diapause occurs during the egg stage and terminates with hatching 
mid-winter (January) (Fenoglio et al. 2008). Consistent with this, the results of a loss of grazers 
during autumn together with a drastic increase in abundance early winter could indicate that 
post-diapause egg-hatching for Taeniopterygidae occurs which aids in driving the community 
from autumn to winter composition. 
 
The long period of cold and dark conditions during winter pose a number of challenges to 
insects (Crawford 2013). Consistent with this, throughout the winter, the total abundance 
decreases while community composition was characterised by a decrease in shredders. As 
suggested by Bale & Hayward (2009), macroinvertebrate mortality during winter can be 
explained by cumulative effects of cold temperatures rather than freezing since many 
macroinvertebrates living in these environments usually have strategies to survive below the 
freezing point (Bale & Hayward 2009). Thus, one explanation for the obtained results of 
decreasing abundance during winter could be mortality due to cumulated effects of cold 
temperatures. Furthermore, as shown in the review by Huryn & Wallace (2000), the pupa stage 
has shown various but substantial mortality rates ranging between 10 % to 76 %, where 
predation and stranding of pupa were likely causes for mortality. Thus, pupa mortality for 
some holometabolous groups (e.g., Trichoptera and Diptera) could further explain the results 
of low abundance during winter obtained. Moreover, as shown by Huryn & Benstead (2019), C 
limitation as well as low intake of diatoms by macroinvertebrates occur during winter due to 
light limitation (Huryn & Benstead 2019). Thus, the results obtained of decreasing abundance 
rates during winter, possibly due to mortality, could be further explained by the energy 
limitation. 
 
Alternatively, the low abundance during winter could be explained by a change of habitat use 
among macroinvertebrates. The stream studied has a deep hyporheic zone with a prominent 
groundwater connection, which could work as a thermal buffer as shown in a paper by 
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Marzadri, Tonina & Bellin (2013). The hyporheic zone is thought to work as an important 
refugium for macroinvertebrates during extreme environmental events e.g. high floods and 
drought (Stubbington, Wood & Boulton 2009; Young, Norris & Sheldon 2011). Thus, the 
extreme environmental conditions during winter could lead to the hyporheic zone working as 
a refugium. However, little is known about how macroinvertebrates survive during winter, and 
studies are needed that explore the extent to which macroinvertebrates can utilize the 
hyporheic zone as a refugium in the Arctic, especially during winter.  
  
Rapid increases in day length, combined with relatively high nutrient concentrations, can 
result in dramatic increases in stream primary production as the winter transitions to spring. 
This pattern of peaks in spring productivity has been observed worldwide (Savoy et al. 2019) 
and appear to also hold true at this study site (Myrstener, unpublished). Because algae is a 
high-quality food resource (Torres-Ruiz, Wehr & Perrone 2007; Benstead & Huryn 2011), this 
spring window of productivity could be vital to stream consumers. As described by Allan 
(1995), grazers mainly feed on algae, but collector-gatherers are also considerable consumers 
of algae. Consistent with this, total abundance was highest during early spring, with high 
abundances of grazers and a community composition change driven by collector-gatherers. 
Thus, the spring window with high primary production of high-quality food may be important 
for macroinvertebrates, especially grazers and collector-gatherers. Overall, this phenomenon 
may play a central role in driving the community composition change from winter to spring.  
 
4.2 Suggestions for further research 
If redone, this study would have several possible improvements to gain more information, as 
well as for drawing conclusions with a greater certainty. First, the taxonomic resolution at the 
family rather species level could have simplified the results since life history events differ 
among species, e.g. functional feeding mode are varying. Given more time to process samples, 
a higher resolution of either genus or species would have been useful to further understand the 
community composition and change. Second, using FFGs to describe the community has been 
shown to be somewhat inadequate because many taxa are opportunistic feeders and feed on 
multiple food items. The functional feeding concept based on food acquisition is thus very 
likely an oversimplification of actual trophic dynamics (Mihuc 1997). If redone, the study could 
have included stable isotopes (e.g., McCutchan & Lewis 2002) and/or fatty acid analysis (Lau 
et al. 2014) to trace the relative use of terrestrial versus aquatic carbon sources in the 
community, instead of assuming feeding patterns based on FFGs. Third, due to thick ice cover 
during the study, the same transects were not sampled every month and date which could have 
influenced the results, possibly showing spatially and temporally dependent results between 
the months. Finally, to assess community change between seasons, a full year study or a 
continuous study stretching over several years would have been appropriate and biomass data 
would also have been useful to assess growth between and during seasons. 
 

4.3 Implications for seasonal community patterns 
The Arctic has been severely affected by the climate change and Arctic aquatic ecosystems have 
been shown to be particularly vulnerable to changes in e.g. food web and energy dynamics 
(Kendrick et al. 2018). As previously discussed, primary production is strongly linked to light 
availability (Huryn & Benstead 2019) and the early spring window of high productivity may be 
important for stream consumers. Furthermore, the warming climate is expected to change the 
plant composition going from vascular plants to woody species which is thought to increase 
litter input and decrease light availability (Laerkedal Sorensen & Michelsen 2011). As shown 
in the results, some families’ life-cycle traits are specialised on times of high primary 
production while other families are specialised on periods high on autumn detritus inputs. 
With the increased canopy cover and thus, decreased light availability, Arctic communities 
could resemble the shredder-dominated composition found during autumn together with a 
decrease in primary consumers (e.g., Taeniopterygidae). However, with increased 
temperatures and thus, favourable environmental conditions, the cue for terminating diapause 
could be occurring earlier and thus driving the community change towards a grazer dominated 
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composition late winter rather than early spring. Furthermore, with increased temperatures, 
an earlier opening of the ice cover to light could cause the high productivity period to start 
earlier in the spring. Functional feeding groups are thought to follow high abundances of 
certain resources (Kendrick et al 2019) and thus, this earlier and stronger pulse of spring 
productivity could generate a community dominated by grazers even earlier as an effect of the 
warming climate. Another impact of the changing climate could be that some taxa which are 
univoltine instead adapt and become multivoltine (or are replaced by multivoltine taxa) when 
the window of favourable environmental conditions for growth is longer. This would further 
shift the community composition going from univoltine specialised feeders with synchronous 
life-cycle events tracking resource fluctuations to taxa with multiple generations per year. 
However, due to some of these life-cycle traits being strictly linked to timing of organic input 
possibly together with the short window for emergence during late summer, another outcome 
of the climate change could be that some of these attributes are too strictly inherited to change 
in response to rapid environmental fluctuations. 
 
4.4 Conclusion 
To conclude, I observed strong seasonal changes in abundance, community composition, and 
representation of different feeding groups in the small Arctic stream. Furthermore, as 
hypothesized, results of changes in abundance and community composition appear to be 
strongly connected to seasonal shifts in resources (e.g., leaf litter and algae). In addition, my 
results also point to important life history constraints related to the timing of emergence that 
influence community abundance during summer. Finally, future changes in the inputs and 
availability of key resources in response to climate change could have important effects on 
stream communities in the Swedish Arctic. 
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Appendix I Abundance table 
Table 1 Mean abundance (ind./m2) month-1 (S.E.) for each taxon. 
 

  

Taxon July Aug. Sept. Oct. Nov. Jan. Feb. March April 

Baetidae 488 
(114) 

276 
(66.8) 

216 
(76) 

1268 
(427) 

1160 
(115) 

868 
(151) 

476 
(62.4) 

1044 
(180) 

752 
(168) 

Siphlonuridae 8  
(8) 

0 0 0 0 0 0 0 0 

Perlodidae 16  
(4) 

12 
(4.9) 

20  
(6.3) 

48 
(20.6) 

64 
(21.4) 

32 
(13.6) 

36 
(17.2) 

60 
(23.7) 

64 
(19.4) 

Taeniopterygidae 60 
(21) 

0 0 0 804 
(85.7) 

540 
(245) 

220 
(76.2) 

636 
(161) 

800 
(458) 

Nemouridae 28 
(23.3) 

68 
(38.3) 

1208 
(280) 

1908 
(516) 

632 
(165) 

200 
(66.6) 

72 
(18.5) 

152 
(44.5) 

140 
(36.9) 

Leuctridae/ 
Capniidae 

84 
(41.7) 

80 
(21.9) 

184 
(24) 

836 
(157) 

844 
(98.3) 

212 
(33.8) 

356 
(114) 

224 
(69.1) 

204 
(27.9) 

Chironomidae 660 
(35.2) 

644 
(19.4) 

1536 
(328) 

968 
(292) 

5520 
(1416) 

2168 
(311) 

2668 
(543) 

2488 
(692) 

8476 
(2261) 

Limoniidae 16 
(9.8) 

64 
(17.2) 

80 
(21.9) 

132 
(4.9) 

156 
(37.6) 

112  
(25) 

128 
(37.7) 

144 
(31.2) 

216 
(47.9) 

Psychodidae 0 20 
(20) 

152 
(61.5) 

316 
(75.7) 

232 
(37.2) 

120 
(51.8) 

192 
(75.5) 

116 
(48.7) 

48 
(16.2) 

Tabanidae 1(6 
(11.7) 

64 
(41.2) 

60 
(16.7) 

124 
(47) 

124  
(16) 

112  
(35) 

80 
(29) 

116 
(52.7) 

112 
(45.4) 

Simuliidae 220 
(102) 

52 
(24.2) 

232 
(118) 

596 
(305) 

440 
(68.4) 

412 
(191) 

92 
(43.2) 

308 
(190) 

132 
(81.9) 

Rhyacophilidae 64 
(14.7) 

32 
(13.6) 

84 
(20.4) 

60 
(14.1) 

96 
(38.7) 

44 
(20.4) 

16 
(11.7) 

20  
(8.9) 

64 
(34.3) 

Limnephilidae 24 
(16) 

4  
(4) 

2416 
(172) 

2580 
(362) 

2220 
(253) 

1460 
(215) 

1536 
(651) 

716 
(187) 

824 
(298) 

Dytiscidae 0 0 0 0 4  
(4) 

0 8 
(4.9) 

4  
(4) 

0 

Oligochaeta 104 
(41.2) 

288 
(59.5) 

384 
(200) 

604 
(150) 

200 
(76.4) 

272 
(111) 

156 
(40.7) 

448 
(102) 

712 
(306) 

Veliidae 32 
(10.2) 

8  
(8) 

64  
(34.9) 

0 0 0 0 0 0 

Collembola 0 0 4  
(4) 

0 4  
(4) 

0 0 0 40 
(22.8) 

Acari 0 0 0 16 
(7.5) 

16  
(16) 

20  
(11) 

24 
(16) 

16  
(7.5) 

12 
(4.9) 

Ephemeroptera 0 0 0 0 20  
(11) 

16 
 (7.5) 

20 
(8.9) 

20  
(11) 

0 

Plecoptera 4  
(4) 

176 
(75.2) 

156 
(33.7) 

140 
(37.4) 

336 
(58.1) 

144 
(72.8) 

60 
(19) 

148 
(56) 

36 
(14.7) 

Diptera 184 
(70.3) 

76 
(25.6) 

64 
(20.4) 

36 
(22.3) 

0 0 20 
(8.2) 

0 0 

Trichoptera 8 
(4.9) 

36 
(14.7) 

8  
(4.9) 

0 100 
(26) 

44  
(16) 

44 
(22.3) 

40 
(12.6) 

12  
(8) 

Unknown 0 0 0 0 0 0 4  
(4) 

8  
(4.9) 

64 
(36.6) 

Total 2016 
(185) 

1900 
(172) 

6876 
(616) 

9632 
(1419) 

12952 
(1214) 

6760 
(1039) 

618 
(1123) 

6668 
(1263) 

12708 
(2324) 



 

 
 

 


