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ABSTRACT 
 

Streams and rivers represent less than 0.0001% of the planet’s water, but 
support up to 10% of its biological diversity and are fundamental to human life. 
As sources of drinking water, transportation, recreation, and energy, streams are 
both highly valuable and highly vulnerable to us. Humans have obvious 
imperative to protect stream ecosystems, but many effects are likely to be 
unintentional and unseen, incidental to our existing in a place. We sampled 
stream macroinvertebrate communities at sites across West Marin County, 
California to examine how these communities change closer and farther away 
from human infrastructure. We find that streams closer to human populations 
and infrastructure host lower species richness than streams farther away, 
revealing impacts of our presence and activity even in an area that prides itself 
culturally on environmental consciousness and good stewardship. Interestingly, 
there were no consistent compositional differences between streams near and 
far from us, just fewer species supported overall. Macroinvertebrates are 
commonly used as ‘indicators’ for stream ecology and management, the 
presence and absence of particular orders and families indicative of more 
general stream quality, but here we find no such effects. Rather, each human-
proximal system shows a unique combination of fewer species than in the 
remote sites. Our effects on the ecosystems around us can be glaring and 
straightforward, but as we find in wooded Marin County streams, they can also 
be subtle and complex.  

 

INTRODUCTION 

Only 2.5% of Earth’s water is 
freshwater, with less than 1% accessible 
for human use at any given time (National 
Geographic 2010), and yet it is the 
lifeblood of ecosystems and human 

civilizations. This small amount of water 
also supports 10% of all known species, 
including around 1/3 of all vertebrate 
species (Strayer 2010), and is essential to 
human survival. Our species alters 
freshwater systems for drinking water, 
agriculture, transportation, energy, 
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recreation, and urbanization. Our 
modification of freshwater systems 
produced globally averaged declines in 
freshwater species of approximately 50% 
between 1970 and 2000 (IPCC 2014). As 
human population and development 
increases around these biologically and 
economically important ecosystems, 
freshwater as a resource for us and for 
other species is threatened. 

Watershed degradation can result from 
direct intentional manipulation or 
incidental pollution. Regulating 
freshwater habitats directly, as in 
channelizing or redirecting stream flow, 
results in displacement and restructuring 
of ecological communities, land 
deformation, and soil erosion (Cushman 
1985). However, while the physical 
alteration of watersheds often grabs 
media and political attention, more 
insidious and potentially harder to 
combat are the myriad effects of 
incidental pollution from everyday human 
activities (i.e. non-point source pollution) 
on freshwater stream ecosystems. Non-
point source pollution encompasses 
contamination from varied and 
geographically dispersed sources, often 
unavoidable ones such as runoff from 
agriculture and chemical deposits from 
vehicle exhaust (Trombulak and Frissell 
2000). 

Even while recognizing the value of 
physical protection of streams from direct 
manipulations that might disrupt stream 
ecosystems and water provisioning, we 
may let more subtle forms of stream 
degradation pass unnoticed. The Point 
Reyes and Marin County area in Northern 

California provides an excellent backdrop 
to test this idea. Over 20 environmental 
organizations in Marin County are 
devoted to bay, creek, and watershed 
management (Global Stewards 2017), and 
the area is characterized by a strong and 
proud environmentally ethic, as 
exemplified by the only welcome sign the 
town of Bolinas displays as you enter its 
otherwise unmarked boundary (Fig. 1).  

Figure 1: A cultural signifier for the study 
area. Bolinas, a town in West Marin County, 
welcomes individuals to their community 
with the sign above, capturing the 
admiration and dedication individuals have 
towards nature and environmental 
stewardship. 
 

The Department of Public Works in 
Marin County maintains creek bank 
restoration programs designed to combat 
erosion, sustain stream dynamics, and 
produce fertile habitat for native species 
(Rojas 2017). These measures stem from 
the understanding that maintaining our 
water resources matters for both 
biodiversity and our own needs for clean 
water. Because the Marin County 
community places so much emphasis on 
measures to combat direct, physical 
impacts on streams, it makes an ideal 
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setting for the study of influences of 
unintentional, incidental pollution. 

Benthic macroinvertebrates provide a 
useful group of species for examination of 
human impacts on streams, because they 
are sensitive to changes in chemical and 
physical conditions in streams and in 
stream production, and make up key links 
in stream food webs supporting higher 
trophic levels of fish, birds, and mammals, 
including cryptic species like bats and 
iconic species like salmonids and otters. 
They are visible and identifiable without 
the assistance of a microscope, and 
biologically diverse, and because benthic 
macroinvertebrates survive within 
species-specific physical and chemical 
stream thresholds, slight adjustments in 
the environment caused by incidental 
pollution can instigate far-reaching 
changes in community composition 
(Chowdhary and Sharma 2011). Benthic 
macroinvertebrates are often used as a 
diagnostic for overall stream quality 
because of these species-specific 
sensitivities (Dickens and Graham 2002).  

This study explores how the diversity 
and composition of benthic 
macroinvertebrate communities change 
with distance from human infrastructure. 
By doing so, we will be able to gain more 
insight into how everyday human 
activities impact ecosystems that 
surround us and enhance our own quality 
of life. With the environmentally active 
community of Marin County adjacent to a 
National Seashore as a backdrop, we have 
a unique opportunity to help untangle 
how modern-day human existence 
impacts our essential water resources.  

METHODS 

Natural History of the Study Site 

Research was based out of the Point 
Reyes Field Station, part of a network of 
forty sites protected for research and 
education by the University of California 
Natural Reserve System, this one through 
agreement with the U.S. National Park 
Service. Research was conducted in the 
Point Reyes National Seashore, Golden 
Gate National Recreation Area, Mt. 
Tamalpais State Park, and residential 
areas of west Marin County. The 
landscape of these areas is made up of a 
variety of habitats, including, but not 
limited to, coniferous forests, wetlands, 
riparian areas, and beaches. Specifically, 
our study focuses on the streams 
encompassed in the Point Reyes 
landscape.  

Three of the four watersheds present in 
Point Reyes and the broader west Marin 
area were studied. Within the Golden 
Gate National Recreation Area and 
adjacent to the Bolinas lagoon, the Pine 
Gulch watershed encompasses the 
southernmost streams of our study. To 
the east, within the Tamalpais State Park, 
lies the Tomales Bay-Lagunitas Creek 
watershed, which incorporates many 
reservoirs and freshwater lake habitats. 
Lastly, the western and most coastal 
watershed, the Point Reyes National 
Seashore watershed, resides within the 
Point Reyes National Seashore and drains 
into the Pacific Ocean. Because Marin 
County gathers 75% of its drinking water 
from these watersheds and others 
situated in west Marin (MMWD 2017), 
there is a strong environmental 
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consciousness for its stream and 
surrounding riparian systems.  

Stream ecosystems vary widely over 
riffles, runs, and pools with varying 
velocities, depths, and substrates. Within 
these ecosystems, dominant canopy cover 
alters organic matter inputs, nutrient 
content, pH, and dissolved oxygen levels. 
The structure of the abiotic factors is then 
reflected in the invertebrate community 
composition within the stream (Dickens 
and Graham 2002). Benthic 
macroinvertebrate communities vary with 
different levels of stream physical, 
chemical, and biological factors and can 
be used to calculate stream quality and 
human impact (Chadde n.d.). Species that 
are considered ‘intolerant’ are ones which 
cannot survive in polluted areas (e.g. 
mayfly, stonefly, and caddisfly larva). 
Aquatic worms and midge larvae are 
tolerant species that can handle high 
levels of pollution and poor conditions.  

Research Design: Overview 

We conducted kicknet sampling in 
various streams in and around Point 
Reyes National Seashore to examine how 
the structure of stream invertebrate 
communities varies with presence of 
nearby human infrastructure. We tested 
for differences in the richness and species 
composition of invertebrate communities 
between streams that were more than 
800 meters away from paved roads and 
streams closer to roads. By comparing the 
benthic macroinvertebrate abundance 
and richness across areas near and far 
from paved roads, we are investigating 
the role of non-point source pollution in 
determining species composition in creek 

communities. We collected data on 
various creeks in west Marin County from 
August 4-6th, 2017.  

Research Design: Site Selection  

We selected creeks in Tomales Bay 
Lagunitas Creek Watershed, Point Reyes 
National Seashore Watershed, and Pine 
Gulch Watershed. In total, 13 creeks 
were sampled. Seven of the thirteen 
streams were closer than 800 meters to 
the nearest upstream road, and 
categorized as “near human 
infrastructure.” Six of the thirteen sites, 
which were more than 800 meters away 
from infrastructure, were categorized as 
“remote” from human infrastructure. 
These remote sites were only accessible 
by hiking trail (Fig. 2).  

 
Figure 2. Map of Stream Sample Sites.  
Sampling sites were spread across three 
watersheds in west Marin County: Tomales 
Bay Lagunitas Creek Watershed, Point Reyes 
National Seashore Watershed, and Pine Gulch 
Watershed. Red stars represent sites near 
roads and blue stars sites remote from roads. 
A single 1m2 area of stream bed was sampled 
in a riffle of each creek, except for two creeks 
where four separate riffles were sampled to 
investigate in-stream variation, represented in 
the figure by stars with black borders. 
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To ensure sampling of consistent 
habitats from creek to creek, we 
identified riffles with primarily gravel and 
cobble bed texture for sampling. Each 
creek was sampled once. Two of our sites, 
one near and one remote from human 
infrastructure, were sampled four times. 
Repeated subsampling in these two 
streams was intended to assess variability 
within a stream, given that time and 
logistical constraints only allowed for one 
sample at most locations. High within-
stream variability would indicate that 
single samples from each stream would 
not be representative of the entire 
system, and comparisons between single 
samples would only show riffle-to-riffle 
differences.  

Research Design: Invertebrate Sampling 

We sampled macroinvertebrates at 
each riffle site using a 1m2 kicknet. The 
kicknet was placed flush with the gravel 
creek bed downstream in a riffle (Fig. 3). 
Two researchers held the net vertically 
to capture anything kicked into the 
water column. Another two researchers 
vigorously disturbed the rocky substrate 
within one meter of the kicknet to lift 
invertebrates into the water column.  

This was done for one minute and thirty 
seconds. At the end of the time period, 
the kicknet was lifted from the water  
and the quantity of in-net leaf litter  
was recorded. For five minutes,  
three researchers extracted benthic 
macroinvertebrates from the kicknet using 
tweezers and placed them into a collection 
cup. The collection cup content was 
analyzed by first sorting and then counting 
macroinvertebrates by morphotype. These 

categories were then identified to the 
order level, and species level when 
feasible. All invertebrates under 5mm in 
length were discounted from our data. 

 

 
Figure 3. Schematic of kicknet sampling 
method for stream invertebrate 
collection. A one square meter kicknet was 
used to collect benthic macroinvertebrate 
samples at each sampling site. The kicknet 
was held vertically, with the bottom flush to 
the creek bed by two researchers at a 
downstream point in the riffle. For one 
minute and thirty seconds, two other 
researchers vigorously disturbed the rocky 
sediment at the bottom of the creek in a one 
square meter area upstream of the kicknet. 
This disturbance causes the invertebrates to 
be lifted into the water column and collected 
into the kicknet for further analysis.  
 
Research Design: Additional Factors 

Stream Distances from Roads: At each site 
a portable GPS was used to record the 
exact location of the sample. GPS 
coordinates were uploaded onto Google 
Earth to create a visual representation of 
our sample collection sites. Cross-
referencing the GPS data points with a 
Point Reyes Seashore map, we 
determined each creek’s associated 
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watershed (Figure 2). Using satellite 
imagery in Google Earth, we identified the 
distance of each GPS coordinate to the 
nearest upstream building to account for 
upstream human disturbance and classify 
sites as “near” or “remote” from roads. 

Stream Width: At approximately five 
centimeters downstream from the riffle, 
we measured the width in meters of the 
active stream channel. This measurement 
was taken downstream from the sampling 
site to prevent disturbing our sample.  

Stream Depth: After locating the midpoint 
along the width measurement, we used a 
meter stick to measure the creek depth at 
the midpoint in centimeters.  

Water Temperature: A thermometer was 
placed in the riffle. After acclimation, the 
temperature was recorded in degrees 
Celsius.  

Flow Velocity: Using a meter stick placed 
in the sampling area and a floating ball, 
we measured the velocity of the water by 
timing the ball’s movement downstream 
from 0m to 1m.  

Water pH: Color changing indicator pH 
paper was placed into the riffle. The pH 
paper was compared with a color key to 
assign pH values to the sample site.  

Stream Canopy Cover: Canopy cover was 
measured with a forestry densiometer.  

Bed Substrate: Substrate was qualitatively 
assessed and recorded at each site based 
on the dominant rock size. 

 

Statistical Analysis 

We used a one tailed t-test to examine 
the relationship between species richness 
and being closer to roads. Performing an 
additional one tailed t-test, we analyzed 
the relationship between road proximity 
and species abundance. With a linear 
regression for each of our abiotic factors – 
velocity, depth, width, canopy cover, 
exact distances from roads and human 
settlements, and temperature – we 
examined the relationships between each 
factor and richness. Finally, we used non-
metric multidimensional scaling (NMDS) 
to visualize differences and similarities in 
species composition among our stream 
sampling sites. This multivariate analysis 
reduces the dimensionality of individual 
species abundances across all species 
collected into a comprehensible 2D 
species space.  

 
RESULTS 

We found significantly lower species 
richness of stream macroinvertebrate 
communities in sites within 800 meters of 
an upstream road (n = 13, F = 13.72, P < 
0.05; Figure 4), while species abundance 
by road proximity shows no significant 
difference between near and remote 
samples (n = 13, F = 0.03, P > 0.5).  

No variation in species richness is 
explained by velocity, depth, width, 
canopy cover, or temperature (Velocity: n 
= 13, R2 = 0.001, P > 0.5; Depth: n = 13, R2 
= 0.04, P > 0.1; Width: n = 13, R2 = 0.21, P 
> 0.1; Canopy Cover: n = 13, R2 = 0.02, P > 
0.5; Temperature: n = 13, R2 = 0.24, P > 
0.05). Within the sites near to roads, no 
variation in species richness was 
explained by the specific distance from 
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human structures or roads (Structures: n = 
13; R2 = 0.012, P > 0.5; Roads: n = 13; R2 = 
0.19, P > 0.5). 

 
Figure 4. Stream invertebrate diversity 
near and far from roads. Data represent 
mean (+1 s.e.) species richness in streams 
close to roads and streams distant from 
roads. A one-tailed T-test shows that the 
richness of benthic macroinvertebrates is 
significantly lower in streams near roads  
(n = 13, F = 13.7, P < 0.05).  

Non-metric multidimensional scaling of 
multivariate species abundance data 
across macroinvertebrate communities 
showed that stream communities near 
roads were less variable in their 
composition from stream to stream than 
communities far from roads (Figure 5).  

Compared to stream to stream 
variation, we find very little variation in 
invertebrate community composition 
from riffle to riffle within individual 
streams (Fig. 6). 

 

 
Figure 5. Variation in stream to stream 
species composition near and far from 
roads. Data represent stream samples in 
multivariate species-space from non-metric 
multidimensional scaling of species-level 
abundance data. Green circles signify streams 
close to roads, blue diamonds streams far 
from roads. The closer two points on the 
ordination, the more similar those streams in 
overall species composition; the more distant 
two points, the more dissimilar those streams 
in species composition of invertebrates. 

 

Figure 6. Community variation within and 
across streams. Note the clustering of 
samples within Alamere Falls and Pine Gulch 
streams compared to across streams.  
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DISCUSSION 

Stream macroinvertebrate communities 
show reduced species richness close to 
human infrastructure. Our results show 
that samples close to human influence 
have significantly lower species richness 
than remote samples. Conversely, there is 
no significant difference between species 
abundance and human influence, 
suggesting that human influence factors 
affect the survival of individual species 
more than the number of organisms the 
environment can sustain. Furthermore, 
because the abiotic factors we measured 
had no significant effect on species 
richness, we assume that other 
unmeasured abiotic factors or human 
proximity are driving the richness 
difference between low and high samples. 
The strong historical and current role 
humans have had in shaping the Point 
Reyes environment and the lack of 
significance in abiotic factors encourages 
further inquiry into the effect of human 
activity on creek community composition. 

To explore human influence, we 
examine sample site distance from 
nearest road where, surprisingly, our data 
show no significant correlation between 
richness and distance to the nearest road. 
This suggests that the threshold distance 
of where human impact begins to change 
the community on a total species richness 
level was not captured. 

Our multivariate analysis allows us to 
look beyond total species richness and at 
how human impact can change 
community composition. Remote sites 
encompass a larger “species space” than 
near sites (Fig. 6) meaning that remote 

sites have more variation in species 
composition than near sites. Yet, the 
range of community composition found in 
the near sites overlaps with the range of 
community compositions seen in remote 
sites (Fig. 6). This overlap illustrates that 
near and remote sites do not have 
species-specific distinctions. For example, 
it is not the case that near sites have 
stoneflies and remote sites do not. The 
lower richness seen in near sites does not 
lie in a specific species’ presence or 
absence but rather in a different 
collection of species present in each 
stream individually. The overlap between 
near and remote sites suggests that solely 
looking at indicator species 
presence/absence is not sufficient to 
determine stream quality. Species 
composition provides a more detailed 
assessment of stream condition.  

Additionally, when comparing the site 
variation in species composition between 
replicates near to roads (Pine Gulch) and 
remote replicates (Alamere Falls), we see 
a low variation between the four 
replicates within one stream (Fig. 5). Thus, 
we can infer that it is reasonable to 
compare stream communities based on 
one sample per stream.  

The paradox between lowered richness 
and similar community composition can 
be explained by changes in species niche 
differentiation. As human influence 
affects chemical composition and nutrient 
loading, resource availability shifts. 
Species niches may have a larger 
proportion of overlap with other species’ 
niches, leading to increased competition 
(Welker and Scarnecchia 2006). 
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Essentially, our impact goes beyond 
negatively impacting individual species, 
rather we fundamentally impact the 
community ecology of streams. Despite 
the Point Reyes area’s emphasis on 
conservation, the streams in the area are 
affected by human presence. 

Community-level impacts drive home 
the idea that ecological responses to 
human impact are complex and 
unpredictable. For example, within the 
breadth of our study, it is impossible to 
determine what factors lead to the 
Lagunitas Creek sample having 
disproportionately more Water Pennies 
than other remote sites. Moreover, our 
results from the Point Reyes area are not 
representative of all stream communities. 
Another study would likely find alternate 
results for species richness and 
community composition. Only by 
compiling studies at a global scale can we 
begin to understand patterns in 
macroinvertebrate community responses 
to human impact. Differences in 
ecological responses between new study 
sites could stem not only from 
environmental characteristics, but also 
from place-specific cultural values 
regarding water protection and 
ecosystem conservation.  

Benthic macroinvertebrates lay the 
foundation for the complexity found in 
stream ecosystems, within an intricate 
web of other species relationships. 
Predicting responses at all trophic levels 
connected to benthic macroinvertebrate 
ecosystem roles is a Herculean task. There 
are innumerable more ecosystems 
covering this planet, and humans impact 

every single one of them in a myriad of 
unexpected ways, with unpredictable 
effects. Although it seems impossible, 
continuing to investigate and untangle the 
complex responses to human influences is 
necessary for understanding our 
ecological role as a highly influential 
species. 
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