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ABSTRACT 

Hydrological and sediment characteristics of streams are key determinants of aquatic 
macroinvertebrate community assemblages. Large-scale diversions are responsible for 
both reducing discharge and increasing rock embeddedness downstream, which reduces 
food and habitat for filter-feeding macroinvertebrates. Hydropsychidae, an abundant 
filter feeder family important for stream ecosystem functioning, prefer higher discharge 
and reduced rock embeddedness — however, we do not know how small-scale diversions 
influence these variables and consequently hydropsychid abundance. In this study, we 
sampled three diversion sites along Convict Creek at the Sierra Nevada Aquatic Research 
Laboratory in Mammoth Lakes, CA, USA to see how position relative to the diversion, 
discharge, and embeddedness are influencing hydropsychid and macroinvertebrate 
community abundances. Discharge (m3/s) was higher above diversions than below them. 
However, hydropsychid abundance was 61.9% higher and macroinvertebrate community 
minus the hydropsychids abundance was 18.4% higher below diversion compared to 
above. Furthermore, discharge and rock embeddedness exhibited no relationship with 
either macroinvertebrate group, contradicting what has been found in previous diversion-
focused research. The magnitude of the difference in populations above and below the 
diversions demonstrates that hydropsychid abundance is directly impacted by more 
important abiotic or biotic factors that we did not consider, such as in-stream vegetation. 
It is possible study scale was a determinant of the results and that small-scale diversions 
do not affect macroinvertebrate communities to the same extent larger diversions do. 
Future research on macroinvertebrate abundances and small-scale stream diversion in 
terms of riparian vegetation habitat, coupled with discharge and stream embeddedness, 
could elucidate the relative importance of factors influencing macroinvertebrates in this 
system. 
 
Keywords: macroinvertebrates, hydropsychids, stream hydrology, stream diversions, 
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INTRODUCTION  

There are a variety of abiotic and biotic 
influences that impact community 
composition for aquatic invertebrates 

(Erman 1996). Water flow (Dudgeon 1993, 
Hart and Finelli 1999, Rios-Touma et al. 
2012), substrate (Minshall 1984, Raei 1985), 
organic matter (Bo et al. 2007), water 
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temperature (Ward and Stanford 1982), 
habitat disturbance (Haefner and Wallace 
1981, Death and Winterbourn 1995), and 
biotic interactions (Kohler 1992) are all 
determinants of which macroinvertebrates 
can inhabit a stream habitat. Characteristics 
of a stream, such as discharge and rock 
embeddedness, are especially influential in 
controlling macroinvertebrate communities. 
Discharge is the measure of the volume of 
water moving down a stream per unit of 
time, measured in m3/s. Higher stream 
discharge increases the amount of in-stream 
disturbance, physically dislodging plant and 
animal biomass from substrates and carrying 
them downstream (Zimmermann and Death 
2002). Thus, high stream discharge is 
responsible for both directly removing 
macroinvertebrates from stream substrate 
and indirectly causing macroinvertebrate 
population decline through reducing 
primary productivity (Zimmermann and 
Death 2002). Rock embeddedness is the 
measure of the degree a rock is submerged 
in fine stream sediment, and greater 
embeddedness reduces the availability of 
surface area on the rock for 
macroinvertebrates (Sylte and Fischenich 
2002, Ab Hamid and Salmah 2011, Fig. 1). 
Both discharge and rock embeddedness are 
critical abiotic factors regulating aquatic 
macroinvertebrate community assemblages, 
and, importantly, can be modified by human 
disturbance. 

Humans influence community 
composition of aquatic organisms in streams 
and lakes (Erman 1996), especially by 
constructing stream diversions, which 
modify streamflow and can have 
transformative impacts on macroinvertebrate 
communities. A stream diversion is an in-
stream barrier constructed to reroute a 
stream (Brown et al. 2001). Stream diversions 

 

Figure 1. Index for measuring percent rock 
embeddedness. Rocks were sampled for aquatic 
invertebrates from October 31 to November 2, 2022, 
at Sierra Nevada Aquatic Research Laboratory. For 
each rock, we estimated percent embeddedness and 
the figure shows the index of how we standardized 
this measurement. 

provide flood control services and water for 
agricultural, industrial, and municipal users 
and are critical agents in ameliorating the 
effects of the global water crisis (Jury and 
Vaux 2007). In general, large stream 
diversions, such as hydropower dams and 
off-stream diversions, reduce stream 
discharge below the diversion (Graeber et al. 
2013, White et al. 2017), modify sediment 
composition (Hawkins et al. 1982, Higler and 
Tolkamp 1983, Baker et al. 2011) and 
riparian vegetation (Elderd 2003), directly 
impacting macroinvertebrates. Human use 
and stream ecosystem functioning can often 
be in conflict, and the diversion of flow and 
the corresponding artificial stream hydrology 
can reduce habitat suitability for particular 
macroinvertebrate taxa (Poff et al. 1997). 

Impacts of stream hydrological changes 
from diversions vary across taxa and 
functional feeding groups (Cummins et al. 
2005, Ab Hamid and Salmah 2011, López-
Rodríguez et al. 2019), and one functional 
feeding group often negatively impacted by 
these modifications are filter feeders. Filter 
feeders are critical for in-stream nutrient 
retention, collecting and converting 
dispersed nutrients flowing downstream 
into biomass (Wallace and Merritt 1980). 

% embeddedness
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High stream discharge contributes to more 
scouring of the stream substrate, which 
releases organisms, algae, and bacteria for 
the filter feeders to consume (Zimmermann 
and Death 2002). However, streams below 
large diversions experience increased 
sedimentation and reduced discharge, 
creating a less suitable environment for filter 
feeders (Higler and Tolkamp 1983). 

An abundant filter feeder family to assess 
in diverted streams is Hydropsychidae (net-
spinning caddisflies). Hydropsychids are the 
dominant group of lotic insects globally and 
comprise 80% of all trichopterans in larger 
North American streams (Roback 1962). 
Lotic systems are streams with moving water 
that may have pools, ripples, or running 
reaches (Marsh and Fairbridge 1999). As 
larvae, hydropsychids build stationary silk 
nets on large stable rocks to capture 
organisms and organic material for feeding. 
Hydropsychids contribute to ecosystem 
functioning by converting fine particulate 
organic matter into biomass to form the 
base of the aquatic food web, and by 
stabilizing fine sediment in streams with 
their silk nets, creating habitat for other 
stream macroinvertebrates (Wallace and 
Merritt 1980, Albertson et al. 2019). The 
proportion of hydropsychids spinning nets 
may decrease under reduced discharge and 
hydropsychids were found to be more 
abundant and exhibit higher feeding rates in 
cool, fast-running water (Wallace and 
Merritt 1980, Georgian and Thorp 1992, Ab 
Hamid and Salmah 2011). Additionally, 
hydropsychids prefer large stable substrates 
with rock crevices to construct their nets, 
and fine sediment deposition reduces 
attachment sites for feeding and clogs the 
fine mesh of their nets (Haefner and Wallace 
1981, Higler and Tolkamp 1983, Georgian 
and Thorp 1992). Diversions are modifiers of 

both stream discharge and fine sediment 
accumulation, indicating the importance of 
studying hydropsychid abundance 
associated with these structures. 

Human-made diversions can have 
transformative impacts on stream hydrology 
and ecology, so we sought to understand the 
extent that these structures impact 
macroinvertebrate abundance. Specifically, 
we wanted to understand how hydropsychids 
and the other macroinvertebrates vary in 
abundance directly above and below small-
scale diversion structures. Hydropsychids 
have been found to prefer higher discharge 
and reduced rock embeddedness, and large 
diversions can vary these parameters. 
However, is unknown whether small-scale 
diversions are large enough to facilitate 
significant changes to stream hydrology and 
sediment regime and whether abundance 
varies between above and below these 
structures. 

To investigate these questions, we 
conducted stream sampling above and 
below the stream diversions. We expected 
(1) a higher discharge above the diversion 
than below and (2) greater hydropsychid 
abundances under higher discharge because 
of increased scouring providing greater food 
availability. Additionally, we expected (3) 
that there would be both greater 
hydropsychid and macroinvertebrate 
community abundance above diversion 
compared to below because of more 
suitable conditions for the hydropsychids 
and the qualities of hydropsychids to 
facilitate the presence of other 
macroinvertebrates. Finally, we expected (4) 
rock embeddedness to be greater below the 
diversion due to sediment accumulation and 
(5) rocks with greater embeddedness in fine 
sediment to have fewer hydropsychids 
because of reduced habitat availability. 
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METHODS 

This observational study was conducted 
from October 31 to November 2, 2022, at the 
Sierra Nevada Aquatic Research Laboratory 
(37.61° N, 118.33° W). The reserve is located 
in Mono County at Mammoth Lakes, 
California, USA, on the eastern slope of the 
northern Sierra Nevada. Convict Creek flows 
down from Convict Lake and through natural 
streams, human-made diversions, and 
replicated experimental stream channels on 
the reserve. Water is supplied by the 25–38 
cm of precipitation annually and Convict 
Lake, which is supported by snowmelt from 
the higher elevation areas above the lake. 
Convict Creek and its diverted stream 
sections are surrounded by vegetation 
dominated by Populus tremuloides, Salix 
lutea, and Salix exigua. 

To examine the aquatic macroinvertebrate 
community above and below diversions, we 
sampled three different diversions on the 
reserve (Fig. 2). Each diversion structure was 
different, along with a range of stream 
widths, stream depths, discharges, 
sediment, and canopy cover across sampling 
locations (Tables 1 and 2, Fig. 3). Sites were 
similar in terms of having pebble to cobble 
as the main first layer of sediment and lotic 
conditions, except for the stream above Site 
1, which was impacted by the pooling of 
water for the replicated experimental 
stream channels (Fig. 3). 

Table 1. Summary of stream diversion size and above 
and below diversion stream conditions. 

 
 

Table 2. Summary of stream sampling sites, riparian 
vegetation, and stream characteristics. (Sampling Site 
ID: A = above, B = below) 

 
 

To target hydropsychids, in addition to the 
broader macroinvertebrate community, we 
used a combination of two sampling 
techniques. The first method was to pick up 
rocks partially embedded in the fine 
sediment, and secondarily we used a dip-net 
(D-net) and kicked in the area where we 
selected the rock. At each of the three sites, 
we sampled three transects above and three 
transects below the diversion at zero, two, 
and five meters away from the diversion (Fig. 
4). We defined zero meters away from the 
diversion as the closest point to the 
diversion within the stream that did not 
exceed a depth of 0.7 meters. We sampled 
upstream above the diversion from left to 
right bank and downstream from left to right 
when below the diversion. We randomly 
selected a rock of a minimum size of 50 cm2 
on the side embedded in the sediment, 
within each longitudinal third of the stream 
(left bank, stream middle, right bank) for each 
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Figure 2. Map of Sierra Nevada Aquatic Research Laboratory property and diverted stream sampling locations. 
Diversions were sampled above and below for aquatic invertebrates and stream variables from October 31, 2022 to 
November 2, 2022, at Sierra Nevada Aquatic Research Laboratory. A in the sampling site number indicates above 
the diversion and B in the sampling site number indicates below the diversion. 

 
Figure 3. Diversion sites sampled at Sierra Nevada Aquatic Research Laboratory. Moving from top to bottom: (1) 
Pool above the replicated experimental stream channels extends up the main stream channel upstream of the 
replicated streams. Stream sampling was conducted directly upstream on November 2, 2022. (2) Convict Creek flows 
into this forked diversion at the western edge of the reserve. The stream is divided into a channel that flows through 
several flood control structures and a channel that flows to the replicated experimental stream channels. Stream 
sampling was conducted directly upstream and downstream in the flood control fork on November 1, 2022. (3) 
Downstream of site 2, the channel forks into two flood control stream sections; the northern fork had imperceptible 
flow, whereas the southern fork had consistent flow. Stream sampling was conducted directly upstream and 
downstream of this structure on the southern fork on November 1 and November 2, 2022, respectively. 

transect, for a total of 54 replicates. We 
measured each rock visually for percent 
embeddedness, which we defined as the 
estimated percentage of the total height of 
the rock that was embedded in fine 
sediment (Barbour 1999, Sylte and 
Fischenich 2002, Clapcott et al. 2011). 
Additionally, the length and width, and 
depth of the rock were measured. While 

holding a D-net angled perpendicular to the 
flow upstream, we selected a rock and 
washed it off in a bucket. Next, one person 
would kick where the rock was picked up 
from for 20 seconds, while another held the 
D-net in place. Then, we rinsed the net with 
a 1000 ml wash bottle five times into the 
same bucket as the rock. After, the contents 
of the bucket would be strained to remove 

A

B

A B

BA

KEY

Site 2

Site 1

Site 3
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extra sediment from the sample using a 
sieve. The contents of the bucket were 
examined for macroinvertebrates for three 
minutes in a shallow metal pan. All 
specimens were identified to family using 
the North American Freshwater 
Invertebrates Guide (Voshell 2002). 

 

Figure 4. Diagram of stream sampling approach in 
proximity to stream diversions. Stream sampling was 
conducted above and below three different diversion 
sites at the Sierra Nevada Research Laboratory in 
Mammoth Lakes, CA, USA from October 31 to 
November 2, 2022. For each above and below sample 
group, we sampled three transects at 0 m, 2 m, and 5 
m respectively, and a rock within each cross-sectional 
third of the transect (left bank, stream middle, and 
right bank). 0 m was defined as the closest point to 
the diversion within the stream that did not exceed a 
depth of 0.7 m. 

Additionally, we measured stream 
variables for each transect above and below 
the diversion. To measure stream velocity, 
we recorded the time it took a stick to travel 
a distance of visually similar velocity. We 
conducted three trials and took the average 
at each transect for our stream velocity. To 
find a cross-sectional area, we measured the 
width of the stream and multiplied that by 
the average depth of the rocks we sampled 
along our transect. Using those 
measurements, we calculated discharge 
using the formula D = ("	×%	×&)

(
 (Walk et al. 

1997) where: 
 

A = Cross-sectional area of the stream 
(stream width multiplied by the average of 
our three water depth measurements 
L = Length of stream stick traveled (varied 
per transect, distance of equivalent flow 
moving away from the transect) 
C = Correction factor (0.8 for the rocky-
bottom streams we sampled). Correction 
for the fact that water at the surface 
travels faster than water near the bottom 
of the stream due to resistance from the 
substrate. 
T = Time, in seconds, for the float to travel 
the length of L 
 
All statistical analyses to analyze this data 

were performed using JMP Pro software 
version 16.0.0 (SAS Institute, Inc. 2021). The 
(1) hydropsychid abundance and (2) 
macroinvertebrate community, excluding 
hydropsychids, (macroinvertebrate 
community without hydropsychids; here 
after will be referred to as 
macroinvertebrate community) data sets 
were normalized using a natural log 
transformation. We averaged both 
macroinvertebrate abundance groups for 
each transect when comparing them to the 
discharge to match the sample size of 18. To 
compare macroinvertebrate abundances 
above and below diversion to both discharge 
and rock embeddedness, we ran paired t-
tests, with diversion site as a random effect. 
Finally, we ran linear regressions to relate 
macroinvertebrate abundances to both 
discharge and percent rock embeddedness, 
also with diversion site as a random effect. 

RESULTS 

Across stream sampling locations, we 
found a total of 729 individual 
macroinvertebrates and 135 hydropsychids. 

Diversion

3 meters 2 meters

Direc-on of flow
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We found that discharge above the diversion 
was on average 0.0844 m3/s greater than 
below the diversion (Fig. 5); however, we 
found no relationship between rock 
embeddedness above and below diversion 
(N = 54, R2 = 0.07, p = 0.9385). When 
comparing hydropsychid abundance 
between above and below diversion, we 
found 61.9% more hydropsychids below 
diversion. Subsequently, we found that the 
macroinvertebrate community, with the 
exclusion of hydropsychids, had an 
abundance 18.4% higher below diversion 
than above (Figure 6). On the other hand, we 
found no relationship between discharge 
and both hydropsychids and the 
macroinvertebrate community (Table 3). 
Similarly, there was no relationship between 
rock embeddedness for both 
macroinvertebrate groups (Table 3). 

 

 

Figure 5. Stream discharge (m3/s) greater above 
stream diversions than below. Stream sampling was 
conducted above and below three different diversion 
sites at the Sierra Nevada Aquatic Research 
Laboratory in Mammoth Lakes, CA, USA from October 
31to November 2, 2022. Stream discharge (m3/s) 
measurements were collected above and below each 
diversion. Macroinvertebrates were collected above 
and below each diversion from rocks and kicking with 
a dip net. Statistics performed by paired t-test, 
comparing stream discharge above and below 
diversion. Error bars display ±1 standard error. 
(Ndischarge = 18, t = 2.16, p = 0.0475) 

 

Figure 6. Both hydropsychid and remaining 
macroinvertebrate community abundance higher 
below diversions than above. Stream sampling was 
conducted above and below three different diversion 
sites at the Sierra Nevada Aquatic Research 
Laboratory in Mammoth Lakes, CA, USA from October 
31 to November 2, 2022. Macroinvertebrates were 
collected above and below each diversion from rocks 
and kicking with a dip net. Statistics performed by 
paired t-test, comparing both hydropsychid and 
macroinvertebrate community abundance above and 
below diversion. Error bars display ±1 standard error. 
(Nhydropsychids= 54, t = 2.68, p = 0.0098). (Ncommunity-

hydropsychids = 54, t = 3.02, p = 0.0039). 

Table 3. Summary of sample size, test statistic, and p-
value for linear regressions of the relationship 
between macroinvertebrate abundance and both 
rock embeddedness (%) and stream discharge (m3/s) 
respectively. 

 
 
DISCUSSION 

Our findings suggest small-scale stream 
diversions instigate similar changes to 
stream hydrology as large-scale diversions, 
but differ in terms of their modification of 
sediment composition. Discharge was 
greater above the diversion than below, 
which agrees with our expectations and 
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previous studies on discharge reduction 
below diversions (Poff et al. 1997, Baker et 
al. 2011). However, contrary to our 
predictions, there was no relationship 
between rock embeddedness above and 
below diversion. For large-scale diversions, 
the reduction in discharge decreases the 
sediment transport capacity of a stream, 
which leads to sediment accumulation, and 
greater rock embeddedness below diversion 
(Poff et al. 1997, Baker et al. 2011). 
Additionally, low flow conditions are often 
associated with increased particle 
sedimentation (Graeber et al. 2013); 
therefore, it is possible that the scale of the 
diversions we sampled are too small to 
exhibit significant differences in rock 
embeddedness due to differences in 
sediment transport capacity. Future studies 
could assess discharge and rock 
embeddedness above and below diversion 
across a gradient of diversion sizes and 
fingerprint the threshold of discharge 
difference required to facilitate differential 
rock embeddedness between above and 
below diversion. 

Importantly, we found greater 
hydropsychid and macroinvertebrate 
community abundance below diversion 
compared to above. Hydropsychids were 
more than twice as abundant below 
diversion and the macroinvertebrates 
showed a significantly smaller effect size. A 
plausible explanation for this difference is 
hydropsychids are being directly influenced 
by abiotic factors, and the hydropsychids are 
facilitating the presence of 
macroinvertebrates because of their 
ecosystem functioning and ecosystem 
engineering capabilities (Wallace and 
Merritt 1980, Albertson et al. 2019). 
Interestingly, this result conflicts with 
another montane stream study that found 

total invertebrate density downstream from 
the diversion was only 50% of upstream in 
severely diverted streams (Rader and Belish 
1999) and contradicts our understanding of 
how diversions influence hydropsychid 
abundance (Graeber et al. 2013). Scientific 
literature on diversions and 
macroinvertebrates is focused on 
fingerprinting the impacts of larger-scale 
diversions (Baker et al. 2011, Salmaso et al. 
2017, López-Rodríguez et al. 2019, Quadroni 
et al. 2021, Munasinghe et al. 2021), 
suggesting there is a strong abiotic or biotic 
pressure unique to this small-scale system 
that is determining the macroinvertebrate 
abundances. 

We expected to find greater hydropsychid 
abundance under higher discharge, due to 
increased scouring providing more food 
(Zimmermann and Death 2002) — however, 
hydropsychid abundance was unrelated to 
discharge. This result conflicts with several 
studies that found greater hydropsychid 
abundance under higher discharge (Wallace 
and Merritt 1980, Georgian and Thorp 
1992). Discharge differences between above 
and below diversion ranged from 0.09 to 
0.29 m3/s across sites, and the magnitude of 
discharge difference may not be large 
enough to control hydropsychid abundance 
in the background of other abiotic and biotic 
factors. To further examine the effects of 
discharge, experimental studies could 
control for discharge and examine changes 
in macroinvertebrate abundance. 
Monitoring macroinvertebrate communities 
over long time periods to both higher and 
lower discharge could inform the timescale 
of macroinvertebrate abundance changes, 
which would be useful for informing 
diverted stream management. 

Finally, rocks with greater embeddedness 
in fine sediment did not exhibit fewer 
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macroinvertebrates. In general, larger and 
less embedded rocks provide greater habitat 
availability for hydropsychids (Georgian and 
Thorp 1992, Ab Hamid and Salmah 2011); 
however, this relationship has been shown 
to be non-linear. Hydropsychids are within 
order Trichoptera, which has been shown to 
prefer an embeddedness of 25-50% (Ab 
Hamid and Salmah 2011), indicating 
preference for equilibrium embeddedness 
where rocks are not washed downstream, 
but there is still sufficient habitat availability. 

Overall, there is a variable of greater 
relative importance than discharge differing 
between above and below diversion that is 
responsible for the drastically greater 
hydropsychid abundance below diversion. A 
potential influence on macroinvertebrate 
abundances that was not considered in this 
study, is in-stream vegetation and its role in 
providing food and habitat resources for 
macroinvertebrates (Hawkins et al. 1982). 
Vegetation differences at a local stream 
scale can influence long-term changes in 
macroinvertebrate community assemblages 
(Rios and Bailey 2006). Therefore, it is 
possible that reduced discharge below these 
small-scale diversions has modified the 
vegetation community to the benefit of 
hydropsychids and the macroinvertebrate 
community. Future studies could conduct 
habitat choice trials with hydropsychids 
coupling discharge and rock embeddedness 
variables to determine the relative 
importance of the abiotic factors focused on 
in this study under different vegetation 
types and abundances. In addition, 
vegetation monitoring could be conducted 
to assess the long-term impacts of small-
scale diversions on vegetation communities. 

Overall, small-scale diversions appear to 
exhibit strong differences relative to larger 
diversions in terms of their influence on 

hydropsychids and macroinvertebrate 
abundance. Our study is limited because we 
did not conduct a paired natural stream 
control sampling, but it appears small-scale 
diversions provide more suitable conditions 
for both hydropsychids and other 
macroinvertebrates. Hydropsychids are 
integral to aquatic ecosystem functioning, so 
understanding how these diversions 
influence their abundance is critical for 
stream management globally. 
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