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Abstract 
 
Large areas of northern Sweden have been ditched to promote forest growth by draining wet 
soils and peatlands. These ditches have greatly added to length of Sweden’s stream and river 
network, but the ecological properties of these man-made aquatic environments is poorly 
understood. The aim of this thesis was to evaluate the extent to which forest ditches support 
benthic macroinvertebrate communities, test the factors might influence variation in these 
communities across ditches, and evaluate how these communities differ from those observed 
in more natural headwater streams. To do this, I analysed macroinvertebrate family richness 
and community composition from 16 sampling sites distributed across two ditch networks in 
northern Boreal Sweden. At each site, I also compiled information related to channel 
structure, water depth, and the upstream distance from more typical headwater streams. I 
then tested whether variation in community metrics among ditch sites was related to 
differences in local habitat properties as well in the spatial position of sites within the ditch 
network.  Finally, I used existing data from four headwater streams within the same broader 
catchment to evaluate how these communities compare with those observed in forest 
drainage ditches. Results showed that macroinvertebrate family richness and community 
composition varied among ditch sampling sites, but that these systems supported a range of 
aquatic taxa that are typically found in headwater streams.  Overall, family richness tended to 
increase among ditch sampling locations that had greater water depth at the time of sampling 
and that were located further downstream in the ditch network. In addition, sampling 
locations with mineral substrate tended to support communities with a greater 
representation of more sensitive aquatic orders when compared to sites dominated by peat 
sediments. Finally, while family richness was not significantly different between ditches and 
headwater streams, benthic communities in streams were dominated by different set of taxa 
that reflect greater flow velocity and better overall water quality conditions.  Overall, my 
results suggest ditches in the boreal forest landscape can support benthic communities that 
closely resemble what is observed in headwater streams. However, ditch habitats were also 
highly variable, with several sites indicating poor local habitat conditions for many benthic 
organisms.  Hydrological patterns, including water depth, but also unmeasured variables like 
flow velocity and the potential for seasonal drying likely play a key role in influencing the 
ecological properties of ditches in these landscapes.      
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1. Introduction 

Across large areas of northern Europe, forest landscapes have been modified by artificial 
drainage (i.e., ‘ditching’) to promote timber production during the twentieth century. In fact, 
since the early 1900’s, approximately 20 % of peatland areas have been drained in Europe 
(Rydin and Jeglum 2009), particularly in Russia and the Baltic states (Paavilainen and 
Päivänen 1995). In Sweden, these activities peaked in the 1930’s supported by state subsidies 
for private landlords to drain peatlands and wet forests, as a part of a public works relief 
program (Hasselquist et al., 2017). Similar forest ditching practices in Finland peaked 
between 1950 and 1970 (Päivänen and Hånell 2012). Thus, large areas of forested wetlands 
and peatlands have been directly altered by humans over a short period of time essentially 
double the overall length of stream and river networks across Fennoscandia (Hasselquist et 
al., 2017). 

Forest ditching lowers the ground water table, allowing the drainage of excess surface 
waters (Vaikre et al., 2018) and increasing the depth of unsaturated soils. This change favors 
gas exchange with the atmosphere, increasing soil oxygen availability, which promotes root 
and tree growth (Sikström and Hökkä 2016; Vaikre et al., 2018). However, these practices 
have also resulted in multiple, irreversible changes in these landscapes, including changes to 
hydrological and disturbance regimes, homogenization of landscape elements, shifts in forest 
stand structure and composition, disappearance of wetland-dependent species, and 
reduction of peat soils (Vaikre et al., 2018). In addition, ditching can promote the 
mobilization of solutes in soils, and has been linked to water quality problems, including 
increased loading of nutrients and dissolved organic carbon (DOC) to downstream 
ecosystems (Vaikre, Remm & Rannap, 2020). 

Concerns over the effects of ditching in the forest on landscape have led to difficult 
decisions regarding how they should be treated in the present day and future. As many 
forested lands in Sweden are now transitioning into new rotation periods, managers have to 
decide if old ditches should be ‘cleaned’, restored (i.e., filled in), or left alone. Similarly, 
should forest ditches be protected by leaving buffer zones around them (e.g., Kuglerová et al. 
2017)? One reason why it is difficult to decide how to best manage forest ditches is that we 
still know little about their properties as ecosystems, including their potential to support 
aquatic communities. Many ditches in the northern Swedish landscape have been in place for 
nearly a century, and in some cases have taken on features that resemble ‘normal’ headwater 
streams (e.g., in terms of riffle and pool structures; Frissel et al. 1986). Regardless, very few 
studies have characterized the aquatic communities that inhabit these manmade ecosystems. 
Such information is important for understanding the full implications of ditch management 
decisions. 

To the extent that ditches maintain habitat features that resemble streams, they could 
represent an important increase in habitat available to aquatic organisms that specialize in 
headwater environments (e.g., Finn et al. 2011). Indeed, one recent study from Estonia 
reported that the taxonomic composition of macroinvertebrates was similar in ditches and in 
natural water bodies in undrained forests, but that the overall (gamma) diversity was much 
lower in pools that remain in drained forests (Vaikre et al., 2018). However, ditches may also 
be characterized by habitat and hydrologic features that create poor conditions for many 
species of aquatic invertebrate that inhabit streams, including soft and/or silty stream 
bottoms (Duan et al. 2008), as well as low flow velocities and intermittent flow regimes that 
can reduce water quality (e.g., create anoxic conditions; Gomez-Gener et al. 2020) and lead 
to complete drying. Because ditch networks are themselves extensive, such habitat features 
are also likely to be variable, ranging from conditions are that are more or less similar to 
natural streams. 
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The overall aim of this thesis is to understand how forest ditches in the Swedish 
landscape support communities of aquatic macroinvertebrates. More specifically, I asked the 
following questions: 1) What taxonomic groups of benthic macroinvertebrate dominate ditch 
habitats?; 2) How does the diversity and composition of macroinvertebrate communities vary 
among ditches and what factors influence these spatial patterns?; and 3) How does 
macroinvertebrate diversity and composition in forest ditches compare with what is found in 
typical streams within the same area? I addressed these questions using a survey of benthic 
communities from 16 locations across a boreal forest ditch network. I then compared these 
data with previously-collected benthic samples from nearby ‘natural’ headwater stream 
environments. 

2. Methods 
 
2.1 Study site 
 

The study was carried out in the Krycklan Catchment Study (KCS), situated in the boreal 
land scape of northern Sweden, approximately 60km north-west from the city of Umeå. This 
catchment area covers 6790 ha and is made up by network of streams and rivers that drain a 
landscape of forests, wetlands, and lakes. This stream network has been the focus of a 
watershed and water quality monitoring program since the early 1980s (see Laudon et al. 
2021 for full site description). 
 
Briefly, the KCS a typical boreal landscape in northern Fennoscandia, characterized by cool 
annual temperatures (averages: 1.8ºC between 1981-2010), and an average of 623 mm of 
annual precipitation, largely falling as snow (Laudon et al., 2021). 
 
Since 1922 around 25% of this area has been protected, while the remaining area is divided 
among private landowners and forestry companies. Forests cover the most area of the 
catchment, mostly dominated by Scots pine (Pinus sylvestris) and Norway spruce (Picea 
abies). Less widespread are deciduous trees (primarily Betula sp.), as well as ericaceous 
shrubs on moss-mats, and Sphagnum species dominating peatlands alongside dwarf shrubs 
and sedges. 
The KCS has not been strongly influenced by humans, but at the beginning of 1900 several 
wetlands were drained for the forest wood production. Currently, around a 7% of the area is 
dominated by forestry with clear-cuts, and approximately 162 km of forest ditches can be 
found within the catchment area, which can be compared with 180 km of natural and 
permanent streams (Hasselquist et al. 2017).   
 

To better help understand how to best manage forest ditches, the Trollberget Experimental 
Area (TEA) was established within the KCS catchment boundaries in 2018 (Laudon et al. 
2021).  This area is set aside for multiple experiments designed to test the effects of peatland 
forest harvesting, various ditch management options, and riparian buffer design on water 
quality and landscape carbon cycling.  In total, the TEA consists of six experimental 
catchments with an average size of 10 ha that will be experimentally manipulated.  My project 
used benthic invertebrate samples collected in 2021 from ditches in the TEA during the pre-
experimental phase, prior to any landscape manipulation.   
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2.2 Macroinvertebrate sample collection and processing 

 
I analyzed benthic samples collected from two different ditch catchments (DC) located in 

the TEA (DC1 and DC3, Figure 1) during September 2021. Seven and nine samples were 
taken from DC1 and DC3 respectively and stored in ethanol (by E. Hasselquist, SLU). For 
each catchment, the samples were collected from locations that were clearly ditches, and one 
each was collected from the most downstream locations that more closely resembled a 
natural stream (sites 14 and 20, from DC1 and DC3 respectively).  At each site, benthic 
samples were collected using a modified kick-net approach with each sample taken over one 
minute period and with a 250 µm mesh). Also, at each location, several descriptors of the 
local site were recorded, including channel dimensions (width and depth), water depth, and 
bottom substrate composition.  For this study, I used discrete categories to separate the 
bottom substrate of each site into organic- (peat) versus inorganic- (sediment) dominated 
habitats. I picked macroinvertebrates from each sample in the lab under magnification 100x. 
When the picking was done, I proceeded with the identification to family level using keys 
from Nilsson et al. (1996-1997). 

 
2.3 Data analyses 
 
I created a database in Excel documenting the abundance of different families found in 
ditches from Trollberget. From this I calculated a series of metrics describing the 
macroinvertebrate community at each site. These included overall abundance and percentage 
of the most common families, the overall family richness, and the richness and relative 
abundance of families within the orders of Ephemeroptera, Plecoptera, and Trichoptera (i.e., 
EPT), which are widely used as indicators of water quality in streams. For the percentage of 
common families, I focused the % Chironomidae and % Simuliidae, which are both families 
of Diptera that can be dominant in boreal streams, but differ in the kinds of habitat features 

Figure 1. Trollberget map. Ditches were sampled at sites located in DC1 and DC3 (by E. Hasselquist, SLU).  
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they require.  Specifically, as filter-feeders, Simuliidae abundance is constrained by flow 
requirements needed to sustain particle movement. 
 
I used Rstudio to test for factors that may influence the difference in community composition 
across ditches. I first used Pearson rank correlations to test whether different 
macroinvertebrate metrics varied according to local habitat conditions or features (e.g., water 
depth, n = 16). Next, I used Pearson rank correlations to test whether macroinvertebrate 
metrics varied with the upstream-downstream position of each sample location within the 
respective networks (n=7 DC1 and 9 for DC3). Finally, I used a non-parametric test (Mann-
Whitney test) to determine whether the various macroinvertebrate metrics differed between 
ditch sampling locations dominated by organic versus inorganic sediments. 
 
Finally, to compare the ditches with natural streams, I compiled database benthic community 
metrics from four streams sampled within the KCS in the autumn of 2014 (KCS sites C1, C5, 
C7, and C9; data provided by R. Sponseller, Umeå University). Each site was sampled in four 
locations along a 10o-200 meter reach and these replicate samples were pooled for this 
analysis. The stream database included a finer level of taxonomic resolution and so I 
converted species-level to family-level information so that streams and ditches could be more 
directly compared.  I used Mann-Whitney test to ask whether these metrics differed between 
TEA ditches and the KCS streams. Note that because streams were sampled using a different 
method (a Surber sampler), I could not compare abundance data between these habitats and 
instead focused on family richness and community composition.  

 

3. Results 
 
Regarding the ditches, a total of 9316 macroinvertebrates were collected from 16 different 

families, including many families that are typically found in streams (Table 1). Based on data 
from both TEA ditches and KCS streams, I found that most communities shared similar 
dominance by a few common families, including the Chironomidae, Simuliidae and 
Nemouridae, which together represented on average of 93% of total abundance in ditches 
and 88% in streams (Table 2). However, ditches also supported families that were not 
present in these specific KCS stream samples, including the Tabaniidae, Tipulidae, 
Dytiscidae, and Nematomorpha. Interestingly, I also observed semi-aquatic invertebrates in 
the ditches, including springtails (Collembola), as well as terrestrial invertebrates (e.g., 
Coleoptera, terrestrial Arachnid), no which were not included in this analysis because the 
taxonomy was uncertain and because we wanted to compare different aquatic fauna between 
ditches and streams. 

 
3.1 Factors influence benthic communities among ditches 

 
I analyzed how variability in community composition related to differences in local habitat 

conditions among sampling locations, including parameters like water depth, channel depth, 
and cross-section (2D) area. These relationships were explored using Pearson correlations 
(n=16) using family richness, EPT richness, and different compositional measures, including 
% EPT, % Chironomidae and % Simuliidae. Of these, I only observed a significant positive 
correlation between family richness and water depth, with an r-value of + 0.52, and a p-value 
of 0.038 (Figure 2). Otherwise, no other significant relationships were observed among the 
remaining habitat parameters and macroinvertebrate metrics (data not shown). However I 
did observe that, across ditches, there was a strong inverse relationship between % 
Chironomidae and % Simulidae (r = -0. 79, p = 0.0003), indicating a clear shift in habitat 
properties that favor one of these dominant fly larvae over the other.  

7 

7 
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Figure 3. Correlation between family richness and the position downstream-upstream in 
DC3. Low values indicate sampling stations closer downstream and close to ‘natural’ 
stream (p = 0.009; r = -0.80) 
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I also wanted to know what role upstream-downstream position within the drainage 

network played in influencing benthic community composition. As I did not know the exact 
distance to the farthest downstream sampling locations (the ‘stream sites’ 14 and 20), I 
assigned a value to each sampling location in the different catchments to ordered these from 
downstream to upstream location. Accordingly, a value of 1 was assigned to the downstream 
station (sites 14 or 20) and a value of 7 or 9, depending on the catchment, to the farthest 
upstream sampling location. For DC1 Pearson correlations showed an increase in the % 
Simuliidae with increasing downstream distance (r = -0.77, p = 0.043), but none of the other 
metrics, including family and EPT richness, as well as % EPT, and % Chironomidae were 
correlated with network position. By contrast, for (DC3), I observed significant negative 
correlation between family richness (r = -0.80, p = 0.009; Figure 3) and % Simuliidae (r = -
0.77, p = 0.015) and downstream position in the ditch network. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Correlation between family richness and water depth in ditches.  
(p = 0.038; r = 0.52) 

Water depth (cm) 

F
a

m
il

y
 r

ic
h

n
e

ss
 



8 
 

Finally, I asked whether benthic communities in ditches varied based on whether site 
locations were dominated by peat versus mineral sediments. For this purpose, I used a non-
parametric Mann-Whitney test (n = 10 for peat and 5 for mineral), which indicated that 
neither total family richness (p = 0.32, Figure 4. A) or EPT richness (p = 0.26) differed 
significantly between sediment types (p>0.05 in both cases). However, I did observe a weak 
significant increase in % Chironomidae and % Simuliidae on mineral sediments (p = 0.023; p 
= 0.045, respectively). Similarly, % EPT was significantly greater for communities sampled 
on mineral versus peat sediments (p = 0.016; Figure 4. B). 

 
 

 
3.2 Community differences between streams and ditches 
 

I used Mann-Whitney tests to compare macroinvertebrate community metrics between 
TEA ditches and KCS streams. Note that this test had a strongly unbalance design as there 
were far fewer stream (n = 4) than ditch (n = 16) sampling locations. Despite this, the total 
family richness was similar between these habitats and not significantly different (p = 0.23; 
Figure 5, A), and this was also the case for % EPT (p = 0.82; Figure 6. A). However, EPT 
family richness was significantly higher in streams (average = 5.3) than in ditches (average = 
2.6; Figure 5, B). Furthermore, % Simuliidae (Figure 6. B) was significantly higher in streams 
compared to ditches (53.4% versus 6%, respectively; p<0.05). By comparison, % 
Chironomidae was significantly higher in ditches (average = 68.2%) compared to streams 
(average = 15.5%) (p < 0.05; Figure 6. C). 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Plots comparing A) family richness (p = 0.32) and B) %EPT   (p =0.02) between 
ditch sampling locations with peat versus mineral benthic substrate. 
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Figure 5. Plots comparing A) family richness (p = 0.23) and B) EPT richness (p = 0.003) 
between TEA ditches and KCS streams. 
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Figure 6. Plots comparing the communities between TEA ditches and KCS streams: A) %EPT (p 
= 0.82), B) %Simuliidae (p = 0.003) and C) %Chironomidae (p = 0.003) 

 



10 
 

 
  

T
a

b
le

 1
. 

M
a

cr
o

in
v

e
rt

e
b

ra
te

s 
a

b
u

n
d

a
n

ce
 i

n
 k

ic
k

-n
et

 s
a

m
p

le
s 

T
a

b
le

 2
. 

V
a

ri
a

b
le

s 
st

u
d

ie
d

 i
n

 d
it

ch
e

s 



11 
 

4. Discussion 
 

We know that ditching causes major transformations to landscapes by converting 
wetlands and swamps into land suitable for agricultural activities and timer production. As 
such, by design, these changes degrade wetland ecosystems, as well as their characteristic 
biodiversity (Vaikre, Remm & Rannap, 2020).  At same time, ditches may also be viewed as 
extensions of headwater streams, which can also support important and unique biodiversity 
in the landscape (Finn et al. 2011). Yet, whether or not drainage ditches in the northern 
Swedish landscape play an important role for biodiversity remains largely untested.  
Furthermore, the expectation at the outset of this study was that forest ditches would not 
represent good habitat for aquatic macroinvertebrates, owing to the lack of appropriate 
physical structures (e.g., larger inorganic substrate), as well as the high potential for poor 
water quality (e.g., low dissolved oxygen) and intermittent flow regimes in these drainage 
systems. 
 

Thus, one surprising result from this study is that some ditch locations supported a 
reasonable degree of aquatic invertebrate diversity when compared to more ‘natural’ 
headwater streams in the same vicinity. These results are significant because 
macroinvertebrates are important components of running water ecosystems and have been 
used to assess environmental health and understand ecological processes within these 
ecosystems (Duan, Wang & Tian, 2008).  In this context, my results suggest that drainage 
ditches in the northern forest landscape may in fact share some important ecological 
attributes with headwater streams.  While these findings are based on only a single sampling 
campaign, with low taxonomic resolution, and should thus be interpreted with caution, 
greater insight into how ditches function as ecological systems may help us better understand 
how to manage them in the future.  
 

 
4.1 Macroinvertebrates communities across the ditch network  
 
Despite the potential for ditches to support macroinvertebrate diversity, my results also 
suggest most locations were characterized by relatively poor water or habitat quality, which 
favored a few taxonomic groups that are ‘relatively tolerant’ to such conditions. For example, 
the Chironomidae, which score very low in most invertebrate ‘sensitivity metrics’ (e.g., 
Swedish EPA, 2007), were the dominant family at most ditch sampling locations, 
corresponding on average to 68% of the overall abundance. The second most abundant group 
were the Nemouridae, which accounted for 21% of the overall abundance, and which are also 
relatively tolerant, particularly to acidic conditions that may arise in these organic-rich 
environments (Jonsson et al. 2016).  
 
In addition to dominance by more tolerant taxa, many ditch sampling sites had low overall 
family diversity.  In fact, the overall family richness across ditch sampling locations averaged 
only around 9 and this was often dominated by families from the order Diptera, which is 
generally dominated more tolerant taxa (Swedish EPA, 2007). By comparison, families from 
the more the sensitive orders: Ephemeroptera, Plecoptera and Tricoptera (EPT) (Burdon, 
McIntosh & Harding, 2013) showed relatively low richness, between two and four families, 
but with two families represented in the majority of sites. Low representation by families 
from the EPT orders are consistent with poor water quality, potentially linked to high 
concentrations of dissolved organic matter, low oxygen, low pH, and elevated metal 
concentrations in these ditches (Kauppila et al., 2016). However, these patterns may also 
reflect other local habitat conditions, include the influence hydrology and seasonal drying 
(Sarremejane  et al. 2021).  
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While I lacked water chemistry data from this survey to test for some of these effects, my 
results do provide support for different habitat features that appear to influence community 
composition across ditches. For example, my results suggest that the local sediment 
characteristics (i.e., mineral vs. peat substrate) plays some role in influencing ditch 
community composition. It is well known that different macroinvertebrate taxa exhibit 
different preferences for various types of substrate (Duan, Wang & Tian, 2008), and one  the 
most common stressors in streams from human land use is the deposition of fine sediments 
that homogenize the stream bottom (Burdon, McIntosh & Harding, 2013).  For boreal forest 
ditches, benthic habitats dominated by peat material by be similarly homogenized, but such 
locations are also characterized by large accumulations of organic matter (Kauppila et al., 
2016), that potentially support high respiration rates (Hökkä, Stenberg & Laurén, 2020), 
which can further deteriorate water quality (Miettinen et al., 2020), particularly if water is 
stagnant (Gomez-Gener et al. 2020). Despite this, my comparison of community metrics 
between sites with peat versus mineral substrate indicated that family richness and total EPT 
richness were not significant different between these locations (Figure 4.A). However, the 
remaining compositional variables, including % EPT (Figure 4.B), % Chironomidae, and % 
Simuliidae were different between these classes of substrata, with all taxa showing greater 
preference for mineral substrate, which are likely composed of sand and clay soils (Hökkä et 
al., 2021). As observed elsewhere (Burdon, McIntosh & Harding, 2013), my results indicate 
that these substrata effects particularly influenced the relative contribution of EPT to overall 
macroinvertebrate abundance. More specifically, within the EPT, I observed five families in 
total across ditch sampling sites: the Leptophlebiidae from the order Ephemeroptera, the 
Nemouridae and Leuctridae from the order Plecoptera, and the Limnephilidae and 
Polycentropodidae from the order Trichoptera (Table 1).   While some of these families (e.g., 
the Nemouridae) were common across most sites, others were not, and the percent 
contribution of the EPT overall was significantly greater at locations characterized by hard 
bottoms, and inorganic sediments. 
 
In addition to local sediment characteristics, variation in water depth (Figure 2) and relative 
distance from the larger headwater streams (Figure 3) were both correlated with richness and 
community composition among ditch sampling locations. These correlations point to an 
important role for hydrology in determining community composition. Such patterns may 
reflect the idea that benthic fauna require sufficient water depth to establish and maintain 
high levels benthic macroinvertebrate diversity (Vaikre, Remm & Rannap, 2020).  However, 
sites with deeper water may also be associated greater flow velocity and are also likely to be 
more permanent throughout the year, and both of these factors could promote 
macroinvertebrate diversity. Consistent with these observations, reduced macroinvertebrate 
abundance has been observed in irrigation ditches, likely because these share physical 
similarities with lentic waters (i.e., stagnant water bodies), rather than streams that maintain 
a greater quantity and depth of water throughout the year and thus support richer benthic 
communities (Gething & Little, 2020). 
 
The influence of upstream-downstream sampling location within the ditch network (Figure 
3) may similarly reflect these influences of hydrology on benthic communities as mediated by 
increases in drainage size.  For example, within both catchments DC1 and DC3, the relative 
contribution (%) of Simuliidae larvae increased strongly with downstream position in the 
ditch network.  This shift is significant as Simuliidae are passive filter feeders and require 
sufficient flow velocity to transport the particles that they feed upon. Thus, the relative 
dominance of this family may serve as a useful indicator of more ‘stream like’ physical 
conditions among forest ditches.  For DC3, other macroinvertebrates metrics, including 
family richness, were similarly correlated with upstream-downstream position, suggesting 
that that this may be one of the major drivers of benthic community composition.  While such 
patterns may simply reflect greater flow velocity through ditches with increasing drainage 
size, the more downstream locations may also be less prone to complete drying, which can 
severely reduce benthic diversity in northern streams (Sarremejane et al. 2021).  Regardless 
of the specific mechanisms, my results indicate a strong influence of ditch hydrology in 



13 
 

determining how these manmade systems support aquatic communities.  Despite this key 
role, our understanding of hydrological patterns in these forest ditches is currently poor, and 
more work is required to resolve how ditch flow regimes regulate ecological patterns.   

4.2 Functional feeding groups (FFGs) in ditches 
 
Another context for evaluating ditches at ecological systems is to consider the functional 
traits of the benthic macroinvertebrates found at these sites. In particular, functional feeding 
groups (FFG) can provide useful information about the kinds of food that is available to 
consumers in these environments, as well as the functional roles these organisms play 
(Cummins and Klug 1979). While the family-level taxonomy used here prevents a rigorous 
analysis of FFGs, ditches tended to be dominated by ‘collector-gatherers’, including most of 
the Chironomidae, which feed on small organic particles that settle on benthic surfaces. 
Other likely collector-gatherers observed across ditches included mayflies in the family 
Leptophlebiidae (Order: Ephemeroptera; Poff et al. 2006). In addition to these, ditches also 
tended support a high abundance of ‘shredders’, which are detritivores that feed on larger 
organic particles (e.g., dead leaves). Within this FFG, stoneflies in the family Nemouridae 
(Order:Plecoptera) were by far the most abundant and widespread. I also observed cased-
caddisflies in the family Limnephilidae (Order: Trichoptera), which also includes many 
species that are shredders (Poff et al. 1996).  The presence of shredders suggests that forest 
ditches must, to some degree, process (or decompose) litter inputs from the surrounding 
forest, as this is often facilitated by these detritivores (Cummins et al. 1989). However, while 
a few of the families within the Diptera are likely to be predators (e.g., the Tabanidae). I 
found no evidence that ditches supported a significant number of taxa within the herbivore 
FGGs (e.g., grazers or scrapers). Similarly, other than in a few of the most downstream 
sampling stations, ditches did not support large number of ‘collector-filterers’ (e.g., the 
Simuliidae), which feed on small particles transported in the water column. Taken together, 
the relatively simple and narrow representation of FFGs is consistent with ecosystems that 
are supported almost entirely by terrestrial food sources, and also lack the hydrological 
power mobilize and transport even small particles for most of the year.  This profile is 
perhaps not surprising given the potential for shading by forest canopies to greatly restrict 
aquatic primary production in forest ditches.     
 
4.3 Ditches versus Streams 
 
A final goal of this study was to compare macroinvertebrate communities from ditches with 
those from nearby headwater streams.  To do this, I summarized community data from four 
headwater streams within the KCS sampled during the same time of year as the ditches 
(autumn). This comparison revealed some clear differences in the composition of 
macroinvertebrate communities between these two habitats.  Most obvious was that streams 
were characterized by a far larger representation by Simuliid larvae, whereas ditches were 
more dominated by Chironomids.  As suggested above, the shift in dominance between these 
two families of Diptera likely reflects the influence of hydrology, where greater flow velocity 
in streams compared to ditches favours filter-feeders.  This change may be further promoted 
by the larger substrata in stream, which provides good habitat for Simuliidae. In addition, my 
results suggest that streams support a higher diversity of families within the EPT.  This 
observation is perhaps not surprising as many EPT taxa are sensitive to a range of 
perturbations (Wallace et al., 1996), including sedimentation and low pH (Burdon et al., 
2013). In many forest ditches, the likelihood of stagnant water for some parts of the year may 
also create anoxic conditions that are particularly bad for EPT taxa (Gomez-Gener et al. 
2020).  
 
Despite these differences, my comparison of communities between ditches and streams 
suggested that overall family richness is not significantly different between these habitats, 
despite the features of ditches that may lead to poor water quality or habitat conditions. 
However, this comparison should be made with caution for several reasons. First, the stream 
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database includes a very small number of sites, and these may not be representative of 
headwaters across the boreal landscape.  In fact, in a survey of benthic macroinvertebrates 
from 18 headwater streams in this region, the three streams sampled within KCS were among 
the least biodiverse of all sites (Jonsson et al. 2016). In addition, my comparison of family 
richness could also be biased by having benthic samples collected during different years, as 
well as by potential differences in the area of the stream bed sampled, given the two different 
sampling approaches used. Despite such issues, these results nonetheless suggest that overall 
macroinvertebrate richness in ditches is at least comparable to headwater streams, and this 
could be even higher if we accounted for the semi-aquatic and terrestrial invertebrates that 
may also occupy ditches during different times of the year.  
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