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ABSTRACT  

Macrophytes, or aquatic plants, are generally associated with high invertebrate 
abundance because they provide invertebrates with high quality habitat. Macrophytes 
also change other local abiotic aspects of a stream, like flow rate. It remains unclear what 
the direct effects of macrophytes on invertebrates are, when other abiotic changes are 
controlled for. In this study we used the Sierra Nevada Aquatic Research Laboratory 
replicate stream channels to study the effects of macrophytes on invertebrates within 
stream pools. We collected and counted invertebrates from 30 unmanipulated stream 
sites and estimated the macrophyte cover. We also added macrophyte cover to 12 stream 
sites and removed macrophyte cover from 12 stream sites and collected and counted the 
invertebrates from these sites after two days. We found no difference between 
unmanipulated sites with high macrophyte cover (>35%) and low macrophyte cover 
(<35%). We also found no difference between sites where macrophytes were removed 
and sites where macrophytes were added. Furthermore, there were significantly more 
invertebrates in unmanipulated sites than in manipulated sites. This finding contradicts 
many previous studies regarding the relationship between macrophytes and 
invertebrates, demonstrating the limitations of generalizing these patterns across 
streams and to all seasons. This study also demonstrates the need to better understand 
drift on the interface between natural and concrete streams. 
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INTRODUCTION  

Macrophytes, or aquatic plants, have long 
been recognized as an important feature of 
communities within flowing, freshwater 
(lotic) systems (Mackay et al. 2010). 
Macrophytes are often a characteristic of 
high-quality habitats for invertebrates in 
particular (Harper et al. 1997). The presence 
of macrophytes provides invertebrates 
colonization surfaces, protection from 

predation and environmental stressors, and 
abundant food including live plant material, 
detritus and periphyton (Harrod 1964, Gregg 
and Rose 1985, Keast 1984). Moreover, 
macrophytes have been shown to support 
up to nine times more invertebrates than 
other benthic habitats, such as gravel 
substrates (Lusardi et al. 2018). To get to 
these higher-quality habitats, invertebrates 
enact a process called invertebrate drift, 
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where invertebrates release from the 
substrate and float downstream, reattaching 
in areas with more favorable conditions 
(Corkum 1978). Therefore, sites with higher 
macrophyte cover often house a higher 
invertebrate abundance in lotic systems. 

Macrophytes can also indirectly affect the 
presence of invertebrates by changing local 
abiotic factors within a stream (Gregg and 
Rose 1982). One of the largest abiotic 
impacts of macrophytes is their ability to 
change flow rate by physically blocking the 
flow of water on streambeds, which can also 
cause more sediment and fine particulate 
organic matter to fall out of suspension 
(Gregg and Rose 1985). Studies have found 
that macrophytes significantly decrease the 
benthic velocity of the stream (Rolland et al. 
2015). Since many stream invertebrates 
prefer lower flow areas, the presence of 
macrophytes benefits these invertebrate 
communities (Degani et al. 1993). Studies 
have shown that invertebrate abundance is 
influenced by the presence of highly variable 
substrate, therefore this ability of 
macrophytes to create more substrate 
deposition may be indirectly creating 
preferable conditions for invertebrates 
(Williams and Mundie 1978). This increased 
substrate deposition also makes the 
surrounding area more nutrient-rich, further 
increasing the quality of a site with 
macrophytes (Sand-Jensen 2008).  

Due to the large range of possible habitat 
enhancements provided by macrophyte 
presence, it remains unknown whether 
macrophytes themselves or their indirect 
effect on stream ecosystems result in higher 
invertebrate abundance. Having access to a 
study system of diverted replicate streams 
where factors other than macrophyte cover 
could effectively be controlled allowed us to 
test the direct effect of macrophytes without 

having to consider other ways their presence 
affects stream characteristics. Despite the 
many differences between natural streams 
and artificial streams, we predict that 
macrophyte cover will have similar impacts 
on invertebrates within artificial streams as 
it does within native streams. Based on 
(Gregg and Rose 1985, Hargeby 1990, 
Lusardi 2018), macrophytes should be 
crucial for supporting invertebrate 
communities in both natural and artificial 
streams.  

In this study, we first identified whether 
there were higher numbers of invertebrates 
in locations with high natural macrophyte 
cover. We expect that macrophytes are 
indicators of high-quality habitats and are 
therefore associated with higher numbers of 
benthic invertebrates. Furthermore, we 
studied the ability of implanted macrophytes 
to increase habitat-quality when compared 
to areas where macrophytes were removed. 
We predict that locations with added 
macrophyte cover will support more 
invertebrates on average than sites where 
macrophytes have been removed. 

METHODS 

We conducted our study at Sierra Nevada 
Aquatic Research Laboratory (SNARL), in 
Mono County, California, USA (37.61417° N, 
118.8297° W). Situated at 2149 m elevation, 
this 22.6-hectare site is part of the University 
of California Natural Reserve System. SNARL 
features 9 concrete stream channels, 
diverted from Convict Creek, a perennial 
creek that flows from Convict Lake, situated 
roughly 2.5 miles above the experimental 
stream channels. Each stream is 1 meter 
wide and 50 meters long, constructed of 
concrete with stones attached to the 
riverbed, and with cobbled, sandy or muddy 
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substrate deposited on the bottom. The 
streams consist of a variety of pools, riffles 
and meanders to mimic the topology of a 
natural stream so they may be utilized by 
researchers to analyze stream ecosystems in 
a more controlled environment. In the 9 
replicate streams there were 3 species of 
native aquatic vegetation, Elodea nuttallii, 
Ceratophyllum demersum, and Ranunculus 
aquatilis. These species were identified 
using an online field guide of the Eastern 
Sierra Nevada region (Howald and Orr 2000). 
We collected data at these streams from 
October 29 to November 2, 2022. 

To control for flow rate and spatial 
differences in the streams, we sampled only 
the pools, where the stream bent and a 
deeper area of the stream was formed, 
giving us 54 total sample sites. Pools were 
randomly assigned a treatment; control, 
addition or subtraction (Fig. 1). Flow rate 
was kept constant using flood gates built 
into the tops of the channels that limited 
how much water could enter. Percent 
macrophyte cover of a two-meter section of 
the pools was estimated to the nearest 5% 
for each site and depth at the deepest point 
of each pool was measured using a 
meterstick. Pools ranged from 18 to 48 cm 
deep. 

We manipulated 24 plots, adding 
vegetation to 12 and removing vegetation 
from 12, these plots test whether there is a 
direct effect of macrophytes. The sites 
where vegetation was added were filled 
until they had approximately 50% 
macrophyte cover within the designated 2-
meter area. Vegetation was collected from 
the creek above the diversion, rinsed 
thoroughly as to not transplant 
invertebrates, and placed in the addition 
sites. The vegetation added from the creek  

 

Figure 1. Experimental treatment sites were chosen 
randomly. We sampled in 9 replicate stream channels 
that were 1 meter wide and 50 meters long each. Only 
the pools were sampled to control for stream 
topology and flow rate was kept constant. We used a 
kick net to collect and identify invertebrates from a 
two-meter section of stream at each plot, one meter 
at a time. There were 54 sample sites in total: 30 
control plots (green), 12 plots with macrophytes 
added to 50% cover (pink) and 12 plots with 
macrophyte cover removed (purple). 

consisted primarily of Ceratophyllum 
Demersum, which was the most abundant 
vegetation found in the replicate streams as 
well. The vegetation was held in place at the 
bottom of the stream beds by rocks to 
prevent it from washing away in the current. 
We removed vegetation within the two-
meter section of the removal sites so all 
pools in this treatment group had 0-5% 
macrophyte cover. We manipulated the 
experimental plots on October 31 and 
sampled them two days later, on November 
2, to give time for invertebrates drifting 
downstream to accumulate at these sites. 
We sampled 30 control pools in the 
experimental streams, these plots test 
whether there is a direct effect of 
macrophytes on invertebrates. Control plots 
were unaltered, demonstrating the natural 
state of our stream system. 
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At each pool, a two-meter area was 
marked out along the creek walls, with one-
meter sections of this area being sampled at 
a time to simplify invertebrate identification. 
For each sample site, a kick net was held at 
the downstream end, and one person in 
waders stomped across the width of the pool 
4 times for each one-meter section of the 
sample site. This was meant to disturb the 
riverbed, causing invertebrates to float 
downstream into the net. Before removing 
the net from the water, we allowed 10 
seconds to pass for invertebrates and debris 
to be carried by the creek into the net. The 
net was then rinsed into a bucket of creek 
water, this was then filtered through a 4-mm 
sieve to remove all plant and leaf debris. The 
water was then filtered through a second 
sieve of 0.25 mm to remove all invertebrates 
and other fine organic matter, which was 
then put in a white bucket with a small 
amount of water to be counted and 
identified. Counting and identifying 
invertebrates from each transect was 
conducted within a 3-minute time frame. 
We identified the invertebrates that we 
found to family or genus. Annelida and 
Platyhelminthes were not recorded as they 
are decomposers and do not directly rely on 
the presence of live macrophytes. All 
invertebrates were identified utilizing both 
online resources and field guides for the 
Eastern Sierra Nevada (Voshell 2002, 
vesr.nrs.ucsb.edu 2022). Data from the two 
one-meter sections were combined to get 
the total invertebrates in the pool. 

Statistical analyses were done using JMP 
Pro version 16.2.0 (SAS Institute Inc 2022) 
and figures were made with the R 
programming language (R Core Team 2021). 
We performed a t-test to compare the total 
number of invertebrates found at control 
site with higher macrophyte cover (>35% 

cover) and those that had low (<35%) 
macrophyte cover. Next, we performed a t-
test to compare the total number of 
invertebrates between the manipulation 
sites where macrophytes were added, and 
the sites where macrophytes were removed. 
Finally, we conducted an ANOVA to compare 
the average number of invertebrates per site 
between control sites, sites with 
macrophyte addition and sites with 
macrophyte removal. 

RESULTS 

Overall, we found 822 invertebrates, the 
specific families and genera we found along 
with their abundance are listed in Table 1. 
Control sites ranged from 0-70% natural 
macrophyte cover. Control sites either had 
high macrophyte cover (35% – 70%) or low 
macrophyte cover (0%—30%). We found no 
difference between the number of 
invertebrates at control sites with high 
percentage of macrophyte cover and those 
with low macrophyte percent cover (Nhigh = 
10, Nlow = 20, t = -0.9052, p = 0.374; Fig. 2). 
There was also no difference between the 
total number of invertebrates found at the 
manipulation sites where macrophytes were 
added and sites where macrophytes were 
removed (Nadd = 12, Nremove = 12, t = -
0.93919, p = 0.3586; Fig. 3). Lastly, there 
were significantly more average 
invertebrates per site at the control sites 
than either manipulated site (Nadd = 12, 
Nremove = 12, Ncontrol = 30, F = 9.418, p = 
0.00033; Fig. 4). 
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Table 1. The abundances of each invertebrate 
family/genus we found. 

 
 
 

Figure 2. Average number of Invertebrates found at 
un-manipulated sites with high macrophyte cover 
(>35%) and low macrophyte cover (<35%). 
Invertebrates were collected and counted at 30 
unmanipulated stream pools within the Sierra 
Nevada Aquatic Research Laboratory’s replicate 
stream channels and macrophyte cover was 
estimated. There was no difference between the 
number of invertebrates found in high macrophyte 
cover sites and low macrophyte cover sites (Nhigh = 10, 
Nlow = 20, t = -0.9052, p = 0.374). 

Figure 3. Average number of Invertebrates found at 
manipulated sites with added macrophyte cover and 
removed macrophyte cover. Invertebrates were 
collected and counted at 24 manipulated stream 
pools within the Sierra Nevada Aquatic research 
Laboratory replicate stream channels and the 
macrophyte cover were estimated. At 12 sites we 
added macrophyte cover and in 12 sites we removed 
all macrophyte cover. There was no difference 
between the number of invertebrates found at 
removal sites and addition sites (Nadd = 12, Nremove = 12, 
t = -0.93919, p = 0.3586). 

Figure 4. Average number of Invertebrates found at 
two types of manipulated sites (addition and 
removal) and un-manipulated sites. Invertebrates 
were collected and counted at 54 stream pools within 
the Sierra Nevada Aquatic Research Laboratory 
replicate stream channels and the macrophyte cover 
was estimated. At 12 sites we added macrophyte 
cover to the stream and in 12 sites we removed all 
macrophyte cover. We left 30 sites unmanipulated 
before sampling. The unmanipulated sites had 
significantly more invertebrates than either type of 
manipulated site (Nadd = 12, Nremove = 12, Ncontrol = 30, F 
= 9.418, p = 0.00033).
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DISCUSSION 

Contrary to our prediction, macrophytes 
did not increase the abundance of 
invertebrates within the replicate stream 
system. This was demonstrated both within 
the unmanipulated sites and the 
manipulated sites. Not only were 
macrophytes not a desirable habitat for 
invertebrates but they also did not change 
the quality or desirability of their habitat 
once transplanted. This suggests that 
macrophytes do not directly increase the 
number of invertebrates within the stream, 
contradicting previous studies on natural 
streams that demonstrate the importance of 
macrophyte presence on invertebrate 
abundance (Gregg and Rose 1985, Hargeby 
1990, Papas 2007, Lusardi 2018). This 
suggests that macrophytes do not directly 
increase the number of invertebrates within 
the stream. Instead, secondary factors, like 
substrate type or other benthic habitat types 
controlled for within the replicate streams 
may be more important for invertebrate 
abundance (Gething et al. 2020, Brown and 
Brussock 1991).  

We also found a higher abundance of 
invertebrates in the control sites when 
compared to the manipulated sites, 
regardless of the type of manipulation and 
the percentage of macrophyte cover in the 
control sites. This suggests that the most 
important factor impacting invertebrate 
abundance in this study was the disturbance 
caused by the manipulation, rather than the 
macrophytes. Invertebrate communities are 
very sensitive to a physical disturbance in 
the water column, and in the benthic 
environment (Kuprijanov et al. 2011). 
Invertebrates use drift as a predator 
avoidance strategy and to escape 
unfavorable abiotic conditions but also drift 

due to accidental or catastrophic 
dislodgment from the substrate (Corkum 
1978, Humphries 2002, Elliott 2003, 
Peckarsky 1980, Hildebrand 1974). Our 
manipulation strategies, though they ideally 
had minimal impacts on the existing 
population of invertebrates, likely increased 
the drift of invertebrates away from the 
study sites. As a result, macrophytes may 
have an impact on the invertebrate 
communities, but the trend was 
overpowered by the disturbance introduced 
by site manipulations.  

Furthermore, the contradiction between 
previous findings within the field and our 
study may be due to the impacts of 
temperature on drift speed. Many previous 
studies on macrophytes and invertebrates 
have focused on this relationship in higher 
order streams or took place in a differing 
season such as the summer (Gregg and Rose 
1985, Hargeby 1990, Lusardi 2018). Our 
study differed significantly as it took place in 
late fall/early winter with ambient air 
temperature routinely falling well below 
freezing during our study period. In cold 
temperatures, invertebrates have been 
shown to drift significantly less than in warm 
temperatures (Carolli et al. 2011). Therefore, 
our study may have revealed different 
patterns than similar previous studies 
because there was little downstream drift of 
invertebrates to re-populate manipulation 
sites due to seasonal effects. Further studies 
regarding this impact of seasons on the level 
of invertebrate drift and how that may be 
intertwined with macrophyte presence 
would be a worthwhile effort in the future as 
the intensity of seasonality continues to 
increase with global warming. 

Another possible explanation for the 
outcome of our study is that replicate 
streams have been shown to negatively 



  
 

 

CEC Research | https://doi.org/10.21973/N37D44    Fall 2022 Vol. 6, Issue 3 7/9 

impact the drift of aquatic macro-
invertebrates as the water channels can 
physically restrict the colonization of some 
organisms (Menczelesz et al 2020). Water 
flow speed and direction changes before 
entering SNARL’s replicate stream channels. 
As a result, many macro-invertebrates may 
be unable to drift into the replicate streams. 
This further decreases the ability of these 
invertebrates to re-populate manipulations 
sites and may contribute to the 
contradiction between our study and 
previous studies conducted in natural 
streams (Gregg and Rose 1985, Hargeby 
1990, Lusardi 2018). The contradiction 
between our results and previous studies on 
macrophytes and invertebrate abundance 
further demonstrates the limits of using 
replicate streams as representations of 
natural streams (Lamberti and Steinman 
1993). The impacts of macrophytes in man-
made waterways should be a subject of 
future studies as there is a need to 
understand how further development may 
be impacting invertebrate population 
dynamics. 

Overall, this study demonstrates that 
macrophytes do not universally increase 
invertebrate abundance across all lotic 
systems while also reiterating the 
importance of physical disturbance on 
invertebrate populations. Additionally, this 
study demonstrates the limitations of 
generalizing findings between streams both 
across streams and across seasons. 
Furthermore, the findings of our study calls 
into question the restoration strategy of 
transplanting macrophytes into artificial 
stream channels to help insufficient habitat 
support higher invertebrate abundance 
(Altieri et al. 2021). As artificial stream 
channels, like the Los Angeles River, increase 
in prevalence across the globe, supporting as 

much natural biodiversity as possible in 
these streams is vitally important (Read et al. 
2019, Le et al. 2007, Comiti 2012). This 
highlights the need for further studies to 
gain an understanding of macrophytes as a 
component of artificial streams as we 
struggle to conserve our fragile lotic 
ecosystems. 
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