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Organisms serve as indicators of the health of the environment they inhabit.
Bioassessment refers to studies that utilize species presence, number, and
condition as indicators of ecological community quality. The developing
science of bioassessment has focused on rating the condition of streams and
other aquatic ecosystems by assessing the composition and abundance of
insects and fish found in the water body. Bioassessment serves a role in
restoration by allowing biologists and regulators to identify aquatic systems
in need of restoration, determine restoration goals, measurie or estimate
response to change, and gauge restoration success. In this issue of Ecesis, we
highlight bioassessment as an element of restoration, clearly demonstrating
the value in applying bioassessment techniques into restoration efforts.

Biological integrity, defined by an unimpaired state, was included in the
Water Pollution Control Act of 1972, more commonly known as the Clean
Water Act (CWA). Bioassessment has been used in ecological evaluations
since the early 1980s, when the concept of an Index of Biological Integrity
(IBI) was first developed. In 1986, the U.S. Environmental Protection
Agency (EPA) began a program to accelerate the development of cost-
effective biological monitoring techniques, which led to the EPA’s Rapid
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Schools and local environmental organizations can learn and
implement bioassessment programs to educate students and
evaluate ecological health within the watersheds of concern to
those groups. Photo courtesy Gregory Andrew. 

continued next page



Ecesis 2 Winter 2015    Volume 25, Issue 4

The Role of Bioassessment in Restoration continued 

Bioassessment Protocols for macroinvertebrates and fish.
California has incorporated the EPA’s bioassessment approach
and adapted protocols into aquatic habitat assessment and water
quality control regulations. To a great degree, California has
advanced the science and policies of bioassessment.

At the state level, bioassessment is being led by the California
State Water Board through their Surface Water Ambient
Monitoring Program (SWAMP), and the California Department
of Fish and Wildlife through their Aquatic Bioassessment
Laboratory (ABL). These two programs have determined that
benthic macroinvertebrates (BMIs) are to be used as the primary
biological indicators for bioassessments due to their sensitivity to
changes in water quality, ease of collection and identification,
and primarily-aquatic life histories. They have adapted the EPA’s
Rapid Bioassessment Procedures to the state and they have
established regional IBIs, which have been advanced statewide to
the current California Stream Condition Index (CSCI). The
California Aquatic Bioassessment Workgroup (CABW) has met
annually since 1994 to present and discuss bioassessment
research and the latest policy issues.

There can be a number of metrics used in aquatic bioassessments
with the basic metrics being species richness, composition, and
trophic structure of the macroinvertebrate community in a water
body. Some of the commonly used metrics include: taxonomic
richness (the total number of unique taxa); EPT richness (the
number of taxa in the Ephemeroptera, Plecoptera, and
Trichoptera orders); % EPT abundance (percent of the organisms
that are EPTs); % Chironomidae (percent of the organisms that
are in the Chironomidae family); % dominant taxon (percent of
total abundance that is a single taxon); and % non-insect
(percent of the organisms which are not insects). The metrics are
scored combined into a single index score, then compared and
rated against standardized reference conditions. Index scores can
indicate whether a water body is subject to physical or chemical

degradation, or if it has a relatively high water quality, all of
which is based upon the structure of the BMI community.

The protocols for bioassessments were initially developed as
rapid and inexpensive measurements of biological integrity. They
can also be used in citizen science monitoring programs. Schools
and local environmental organizations can learn and implement
bioassessment programs to educate students and evaluate
ecological health within the watersheds of concern to those
groups.

Bioassessments can serve to track the status and trends of
sensitive invertebrate populations, some of which may be in need
of special status species protections. In addition, bioassessments
can be used to evaluate environmental changes, including
changes resulting from invasive species introductions to a site.

In this issue of Ecesis, we are bringing bioassessment to the
forefront as an element of restoration. This article attempts to
provide an introduction and summary of how bioassessment is
structured in California. The contributed article by Michelle
Tang and collaborators showcases the state’s bioassessment
website with its very useful database of evaluated water bodies.
Joan Demerow presents the UC Berkeley Calbug project — a
beautiful and thorough catalog of California’s invertebrate
collections — and she describes research documenting changes
in Odonate populations since the early 1900s. Denise Knapp and
her collaborators present a meta-analysis of plant invasion effects
on invertebrate richness and provide a captivating summary of
how invertebrates can be effective indicators of environmental
change due to their unique role in ecosystem dynamics. A great
way for restoration specialists and resource managers to learn
more about bioassessment practices in California would be to
follow the annual meetings of the CABW, typically held at UC
Davis in the fall. I hope you will learn something from these
articles and consider using bioassessment as a tool for
restoration.

Counselors at the Walker Creek Ranch outdoor education center, Marin County, get training on aquatic invertebrate sampling and identification,
in preparation for a bioassessment program conducted with 5th graders. Photos courtesy Gregory Andrew.



www.sercal.org 3 Ecesis

SERCAL Board of Directors
PRESIDENT David Shaw Balance Hydrologics, Inc.
dshaw@balancehydro.com

PAST PRESIDENT Pete Tomsovic RECON Environmental, Inc.
ptomsovic@reconenvironmental.com

PRESIDENT ELECT Harry Oakes ICF International
Harry.Oakes@icfi.com

SECRETARY Gavin Archbald H.T. Harvey & Associates
garchbald@harveyecology.com

TREASURER Carol Presley, PE Carol Presley Consulting
carol.presley@stanfordalumni.org

Directors
REGION 1 Ralph Vigil Habitat Restoration Sciences
r.vigil@hrs.dudek.com — NORTHERN INTERIOR (Lassen,
Modoc, Shasta, Siskiyou, Trinity)

REGION 2 Harry Oakes ICF International
Harry.Oakes@icfi.com — SACRAMENTO VALLEY (Butte, 
Colusa, Glenn, Lake, Sacramento, Sutter, Tehama, Yolo, Yuba)

REGION 3 Kevin MacKay ICF International
Kevin.MacKay@icfi.com — BAY AREA (Alameda, Contra
Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara,
Solano, Sonoma)

REGION 4 Allegra Bukojemsky Wildlands
allegrab@wildlandsinc.com — SAN JOAQUIN VALLEY

(Amador, Calaveras, Fresno, Kern, Kings, Mariposa, Madera,
Merced, San Joaquin, Stanislaus, Tulare, Tuolumne)

REGION 5 Mark Tucker Burns & McDonnell
matucker@burnsmcd.com — SOUTH COAST (Los Angeles,
Orange, San Diego, Ventura)

REGION 6 Mauricio Gomez South Coast Habitat
Restoration mgomez@schabitatrestoration.org —
CENTRAL COAST (Monterey, San Benito, San Luis Obispo, Santa
Barbara, Santa Cruz)

REGION 7 Ross Taylor Ross Taylor & Associates
rossntaylor@sbcglobal.net — NORTH COAST (Del Norte,
Humboldt, Mendocino)

REGION 8 Will Spangler H.T. Harvey & Associates
wspangler@harveyecology.com — SIERRA (Alpine, El
Dorado, Inyo, Mono, Nevada, Placer, Plumas, Sierra)

REGION 9 Mark Girard HRS/Dudek
mgirard@hrs.dudek.com — SOUTHERN INTERIOR (Imperial,
Riverside, San Bernardino)

____________________
ADMINISTRATIVE DIRECTOR Julie St. John

julie.SERCAL@gmail.com

A Sneak Peak at
SERCAL Fieldtrips
this May in Tahoe

Thursday (May 12) of the Conference:
Mini-field trips in the North Tahoe Area

Friday (May 13) Post-Conference
Restoration sites in and around South
Lake Tahoe

Restoration and Habitat Enhancement
in the Middle Truckee and
Little Truckee Rivers

Dirt Road and Ski Run Management 

Conservation in the Donner Summit Area
(including overnight in Castle Valley
backcountry hut)
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The Surface Water Ambient Monitoring Program (SWAMP) at
the State Water Resources Control Board began conducting
bioassessment in 2000 as a foundation for directly assessing the
biological condition of California’s perennial, wadeable streams
and rivers. Now a cornerstone of reporting required by section
305b of the Clean Water Act, the bioassessment program is also
critical in evaluating which stressors are most associated with
degraded biological condition, in prioritizing streams for
remediation and protection efforts, and in evaluating the effects
of climate change and drought on our valuable, vulnerable
freshwater resources. Benthic macroinvertebrates (BMIs) have
been the primary indicator used for conducting bioassessments
in the state, but more recently SWAMP began integrating and
developing tools for conducting bioassessments using benthic
algae as a second indicator. Over the years, the need has arisen
for a new website which better organizes and publicizes the
program’s tools and resources. SWAMP released the first version
of its new website to the public in the summer of 2015 and
presented the website at the annual California Aquatic
Bioassessment Workgroup. The website (Figure 1) is hosted on
the State Water Board website and can be accessed by visiting
www.waterboards.ca.gov/water_issues/programs/swamp/
bioassessment/.

SWAMP has developed a variety of tools for use in
bioassessment, including indices for interpreting stream health
based on biological data, taxonomic resources for identifying
BMIs and benthic algae, and standard operating procedures for
conducting field sampling and sample processing in the
laboratory. These tools are central to SWAMP’s bioassessment
program and are a main feature of the new website. All resources
are targeted at local, state and federal organizations who wish to
integrate bioassessment into their own evaluations of stream
health based on the organisms living within it. The website is
organized into the following six sections:

    Statewide Bioassessment Program

   This section provides an overview of SWAMP’s statewide
bioassessment program including background information on
the Perennial Streams Assessment (PSA) and Reference
Condition Management Program (RCMP). The PSA is SWAMP’s
ongoing probabilistic survey of ecological condition of perennial
streams and rivers in the state, and the RCMP is devoted to
establishing reference conditions; that is, the biological condition
expected when human disturbance in the environment is absent
or minimal. This section further highlights the program’s
collaborative efforts and its contributions to various state efforts
and initiatives. 

Data and Interpretive Tools

The California Stream
Condition Index (CSCI) is a new
biological scoring tool, finalized
in 2015, that helps aquatic
resource managers translate
complex data about BMIs found
living in a stream into an overall
measure of stream health. Unlike
previous indices of biological
integrity (IBIs), which were
applicable only on a regional
basis, the CSCI is applicable
statewide because it better
accounts for a much wider range
of natural variability and
provides equivalent scoring

Figure 1 Front page of the SWAMP Bioassessment website.

SWAMP’s New Bioassessment Website: 
A resource for freshwater monitoring and conservation
by Michelle Tang1, Andrew Rehn, Ph.D2, and Calvin Yang3

1Environmental Scientist, Surface
Water Ambient Monitoring Program.
2Aquatic Entomologist, Aquatic
Bioassessment Laboratory.
3Environmental Scientist, Surface
Water Ambient Monitoring Program.
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thresholds in all regions of the state. The new
website offers various resources on the CSCI,
including a fact sheet, an interim guidance
document for manually calculating the CSCI
(SWAMP’s future plan is to have a web-based
automated CSCI calculation tool), and the CSCI
Scores map (Figure 2). The CSCI Scores map is
an ArcGIS Online product that displays the 1,985
bioassessment sites statewide that have been
scored with the CSCI. The scores displayed on
the map will be updated regularly, and new
features will be added over time. 

    Taxonomic Resources

   Many tools are available for use in identifying
BMIs and benthic algae. For example, Bugs to
Go—California Digital Reference Collection of
Freshwater Benthic Macroinvertebrate Families, is
a PDF guide created by the SWAMP Clean Water
Team that is fully navigable by mobile devices
and can be used to identify organisms in the
field. Algal taxonomic resources include links to two online tools
for looking up soft-bodied algal and diatom taxa recorded in the
state. Additional taxonomic resources include standard forms for
logging samples into the SWAMP database, worksheets for
subsampling and sorting, and procedure forms for internal
quality control of taxonomic identifications. 

    Standard Operating Procedures

   Standardization of field and laboratory protocols has been
central to the development of SWAMP’s bioassessment program,
and sampling must be conducted according to standard
operating procedures (SOPs) for data to be SWAMP-comparable.
Separate SOPs are available for conducting bioassessment in
different waterbody types (e.g., streams and rivers, wetlands) and
for processing and identifying BMI and algae samples in the
laboratory. Additional supporting tools include training videos,
webinars, memos, and standardized field data sheets. 

    Training, Field QA, and Collection Permit

   SWAMP has diverse bioassessment training resources,
including the College of Bioassessment, a series of courses
offered by the California Department of Fish and Wildlife and
the State Water Board’s Training Academy. The courses provide
students with a background on stream ecology, sampling design,
taxonomic identification of BMIs, and data analysis based on
SWAMP’s bioassessment SOPs. In addition, anyone wanting to
stay current with bioassessment activities is encouraged to attend
the annual California Aquatic Bioassessment Workgroup
(CABW) meeting. Registration information for the CABW is
posted in this section, alongside presentations and videos from
past CABW meetings. 

    Reports and Publications

   This section provides links to a collection of journal
publications, technical reports, management memos, and fact
sheets that document the scientific basis and primary results of
SWAMP’s work in bioassessment. Publications and technical
reports are targeted at a professional scientific audience, whereas
management memos and fact sheets are targeted at resource
managers and the general public. 

SWAMP is looking to grow the website based on user feedback.
Planned additions, based on feedback thus far, include guidance
on how to query bioassessment data from the California
Environmental Data Exchange Network (CEDEN) database,
information and resources about bioassessment related to climate
change, more interactive data displays and maps, and better
search functionality. As the website continues to grow, SWAMP
staff will work continually to ensure that the most up-to-date
information and tools are available and to improve the website’s
usability. 

SWAMP encourages SERCAL members to visit the new website,
explore the resources available, and submit their feedback. Please
send all comments to Michelle Tang, Environmental Scientist
with the SWAMP Unit at the State Water Resources Control
Board. She may be contacted via 916.341.5504 or
Michelle.Tang@Waterboards.ca.gov. 

SWAMP’s New
Bioassessment Website
continued

Figure 2 CSCI Scores interactive map on the SWAMP Bioassessment
website. 
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As practitioners tasked to plan or evaluate restoration projects
and meet permit requirements in freshwater habitats, we often
neglect non-listed species. Review studies of biodiversity in
California have found that only 6% of known freshwater species
(within groups that have been evaluated) are formally protected
by the state or federal government (Ball et al. 2013; Howard et al.
2015). However, half of all freshwater species in California are
considered to be vulnerable to extinction (Howard et al. 2015),
and extinction rates in freshwater ecosystems are 4 to 5 times
higher than those of terrestrial systems (Ricciardi and Rasmussen
1999). 

What about species that have not yet been evaluated? It turns out
that when including hyper-diverse groups, such as insects and
diatoms, only 2 to 4% of known freshwater species have been
assessed for conservation status
(Ball et al. 2013; Howard et al.
2015). Most of these unassessed
species belong to the most diverse
animal group — invertebrates. No
aquatic insects are currently
included in state or federal lists of
endangered species in California,
yet they make up 40% of total
known species in streams (Ball et
al. 2013). Aquatic insects also
include some of the most sensitive
indicators of overall ecosystem
health, such as the Ephemeroptera,
Plecoptera, and Trichoptera orders
(EPT: mayflies, stoneflies, and
caddisflies). For example, a study of
stoneflies in Illinois found that 22
out of 77 species have been
extirpated, and of the remaining
species, 25% are considered to be imperiled. This meets or
exceeds imperilment rates of amphibians, which are known as
the most vulnerable animal group (e.g. Hoffman et al. 2015). 

If our goal is to protect and restore ecosystems and biodiversity,
we should also address hyper-diverse groups, such as insects.
These invertebrates are essential components of food webs,
provide important ecosystem services, and are some of the most
sensitive indicators of ecosystem health. 

One problem is that we do not currently have enough data on the
distribution and ecology of most insects to perform conservation
assessments or to understand how to protect individual species
and their habitats. A UC Berkeley-based project, known as
Calbug, began filling this data gap in 2010 for insects by
digitizing specimen data from entomology collections

throughout California (www.calbug.berkeley.edu). One of the
priority groups was Odonata (dragonflies and damselflies), and
the project successfully digitized all specimens from the major
collections throughout the state, as well as enthusiast
observations from recent years. The result was a database of over
32,000 georeferenced and vetted occurrence records spanning
the period of 1879 through 2013 (Ball-Damerow et al. 2015).

Scientists, practitioners, and the general public can use such
historical species databases as a data discovery tool. For example,
conservation biologists might identify promising datasets for
further study, or identify species that may be in decline. Looking
at the distributions of records over time, there are distinct peaks
in collections that correspond to the activities of individual
Odonatologists (Figure 1). One such peak occurred in the early

1900s as a result of work done by
Clarence Hamilton Kennedy across
central California and Nevada. For
part of my doctoral dissertation
work, I conducted a resurvey study
of 45 sites throughout this region
that were originally sampled by
Kennedy in 1914-1915 (Kennedy
1917; Ball-Damerow et al. 2014). 

Kennedy was the first to carry out a
comprehensive census of
dragonflies in the western United
States. While working on a
graduate degree in entomology
from Stanford, he travelled by
railroad as far north as Chico; as far
east as Carlin, Nevada; and as far
south as Los Angeles. He compiled
lists of species at specific sites along
with notes on environmental

conditions. During that time — although many naturalists were
documenting biodiversity throughout the country, finding and
describing new species — detailed historical information for
insect communities is rare. Kennedy’s work is a valuable source
of information on freshwater habitats and insect communities at
a time when widespread urban development was beginning, and
more than 50 years before anyone thought of human-caused
global warming. 

In general, as large regions become urbanized or converted to
agriculture, the diversity of aquatic habitats and organisms
declines. Results from the resurvey study showed that dragonfly
communities reflect this habitat homogenization, and have also

Biodiversity and Vulnerability of Aquatic
Insects in California
by Joan E. Damerow, Wildlife Biologist, WRA Environmental Consultants, Inc. 

Photograph of a widow skimmer (Libellula luctuosa)
specimen, taken as part of the UC Berkeley Calbug project
to digitize insect specimen data from California’s
entomology collections.

continued next page
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become more similar across individual sites. Habitat generalists
thrive and have expanded, because they can survive as long as
there is water and some aquatic vegetation. Habitat specialists
have declined in abundance or in the extent of their distribution
with the loss of their particular type of bog or stream habitat. We
found that the average percentage of habitat generalists at each
site increased by 18%, while habitat specialists declined. Species
with an overwintering diapause — a trait to withstand cold
winter temperatures — also declined. These species may have
experienced higher mortality with warmer winter temperatures
and increased temperature variation, which may trigger egg
hatch at inopportune times. In contrast, migratory species are
more warm-adapted and have increased over time; these
migrants experience higher larval growth rates and a longer
reproductive period with warmer temperatures. 

This work provides a glimpse into data sources that may be used
to determine the conservation status of aquatic insects, such as
dragonflies. Including our most diverse animal group in
conservation efforts would help protect a wider and
more representative variety of freshwater diversity
and habitats. This will only happen on a large scale
if aquatic insects are included in state and federal
lists of threatened and endangered species. The next
step is to formally assess the status of habitat
specialists and other sensitive groups and petition
for species to be listed, which will take time. Until
then, dragonflies and other aquatic insects would be
a valuable consideration for restoration planning
and monitoring efforts. Insects are sensitive
indicators with shorter life cycles and flight, which
allows a relatively quick response to habitat
improvements. 

Despite the homogenization that has occurred
across freshwater communities, a small patch of
stream or lake habitat surrounded by an urban
landscape can still harbor many dragonflies. Species
found in urban areas are most often fairly tolerant
to habitat change and pollution—but they are still
charismatic and important components of
ecosystems. Dragonflies can be an eye-catching sign that life
carries on in urban streams, as long as certain habitat needs are
met. Good urban habitat for dragonflies includes vegetation on
the banks and in the water channel, with some areas of open
canopy that allow sunshine to warm the water. The vitality of
ecosystems in many urban areas is limited, and they will never be
the same as in the past. But a good starting point to restoring
urban streams is converting concrete-covered water drainage
systems back in to habitat for these vibrant insect predators. It
helps that humans can relate to the big eyes and personalities of
dragonflies, and can enjoy their activity on a stroll through the

Biodiversity and Vulnerability of
Aquatic Insects in California
continued

Figure 1 The distribution of Odonata specimen and observation
records over time in California. Peaks in collecting correspond to the
activities of individual specialists, including (from left to right)
Clarence Hamilton Kennedy, Dennis Paulson, Rosser Garrison, and
Kathy Biggs (Ball-Damerow et al. 2015).

park. All the while, the charming red, blue, orange,
white, spotted, green, and purple individuals dart
through the sky, and from reed to reed, eating
mosquitoes.
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How Do Plant Invasions and Habitat
Restoration Affect Invertebrate Diversity
and Function? A meta-analysis and review
by Denise A. Knapp1, Karen A. Nikolakakis2, and Tom Dudley3

Invertebrates can be effective indicators of the consequences of non-
native plant invasions due to the important functional roles that
they play in ecosystems, including nutrient recycling and energy
flow, pollination, seed dispersal, and the maintenance of plant and
animal community structure. Analysis of invertebrate responses to
plant invasions can also help to guide the management and
restoration of ecosystems, as they are both relatively easy to sample
and respond rapidly to environmental changes. Although the
abundance of a plant invader in a given area is likely to be a key
determinant of its impact to invertebrate diversity, the nature of this
relationship is unclear. Recent studies of bird and invertebrate
diversity have found a decline after intermediate densities of the
invader are reached; if such a pattern is common, the thresholds
found will aid land managers in planning and prioritizing their
restoration activities.

A meta-analysis approach can be used to combine multiple studies
and thus look for overall trends while achieving greater statistical
power. We conducted a meta-analysis of plant invasion effects on
invertebrate richness, incorporating invader vegetative cover as a
variable likely associated with these effects, and comparing restored
to intact plots as controls to assess the success of our restoration
efforts. We found fifty-two studies that were eligible for testing
using a meta-analysis approach (means, variances and sample sizes
were reported), and used natural breaks in the data to develop the
following cover classes: <10%, 10-30%, 30-50%, 50-70%, 70-90%,
and >90%. 

Because different invaders have different effects on invertebrate
food resources — such as native plants, invertebrate prey, and leaf
litter — and vary in their levels of specialization, these guilds likely
vary in their responses to plant invasion. Therefore to further
understand impact patterns, we also reviewed published
information on responses isolated by feeding guild, including
herbivores, parasitoids, predators, detritivores, and pollinators. 

The results of the meta-analysis are presented in Figure 1. We found
that invertebrate species richness was 31% lower in areas dominated
by exotic plants than in areas dominated by native plants. While
invader cover at classes below 70% had little impact on invertebrate
richness, above this threshold the effects were negative. One likely
cause of this threshold is a decline in diversity of other plant species
when an invader comes to dominate. Studies have shown that

arthropod diversity is positively related to plant species richness,
presumably because of effects on structural and food diversity as
well as abiotic variables (e.g., temperature, moisture). 

Interestingly, restored plots were more species-rich than intact
native plots relative to invaded plots, but with greater variability.
This may be because early-colonizing invertebrates such as adult
butterflies can be attracted to more open, sunny restored areas
disturbed by earth moving, invasive plant removal, and outplanting.
On the other hand, higher invertebrate richness in restored than
intact native areas could be the result of even higher plant richness
and cover in restored than remnant intact habitats, suggesting that
such restoration efforts are successful.

Studies have shown that herbivores can be more negatively affected
by plant invasions than other feeding guilds and reflect changes in
plant diversity. This is particularly true for herbivore specialists,
which can only tolerate the chemical and physical defenses of

Figure 1 Mean invertebrate richness effect sizes (± 95% confidence
limits) across all studies (top panel), as well as between studies
contrasting effect sizes where native plots represented restored or
intact habitats (middle panel). The bottom panel shows mean
richness effect sizes (± 95% confidence limits) for exotic plant cover
classes. Error bars which do not overlap zero indicate a significant
result. Numbers in parentheses indicate the number of effect sizes
and the total number of studies, respectively. 

continued next page

1Santa Barbara Botanic Garden, Santa Barbara, CA 93105. 2Kellogg
Biological Station, Augusta, MI 49012. 3Marine Science Institute,
University of California, Santa Barbara, CA 93106
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specific plants to which they have adapted. While only slightly more
than half of the studies addressing herbivore richness as a whole
reported a negative effect of exotic plant species, specialist
herbivores were slightly more negatively affected than herbivores as
a whole, with four of the six studies that investigated level of
specialization finding that alien plants hosted a greater proportion
of generalist to specialist herbivore species. The scale of the study
also appears to be an important factor in the level of observed
impact. Stand-scale studies, which typically investigated invaders
that had become dominant in the system, were far more likely to
find that exotic plant species had a negative effect on herbivores
than plant-scale studies, which often compared exotic plants to
their native congeners. In the latter studies, the local presence of a
closely related native plant may have increased the likelihood that
associated specialist herbivores also used the introduced plants.
Lastly, it is also significant that several studies noted non-native
herbivores colonizing the alien plant.

Predators and parasitoids (“natural enemies”) as a whole respond
positively to the abundance and diversity of their herbivore prey
which, in turn, are related to the abundance and diversity of their
host plants. They also rely on vegetation structural and
compositional heterogeneity as well as habitat or landscape
diversity, which provide a refuge from their own predators along
with supplementary food such as nectar, pollen, fungi, and plant
fluids. Yet because the effects of plant diversity dampen with
increasing trophic level, predators as well as parasitoids are less
affected by changes in plant diversity than herbivores. This explains
our equivocal findings, where nearly equal numbers reported lower
or higher invertebrate richness in invaded habitats. Our results also
suggest that their responses are both context- and taxon-specific.

In contrast, detritivores — if they are typically generalists, as has
been suggested — may benefit
from the dense plant litter
produced by many plant
invaders. Yet only two of the
four studies that we found
showed a consistent positive

response by detritivores to plant invasions. It may be that
detritivores are responding more to invader-mediated changes in
habitat structure or disturbance regime. Alternatively, detritivores
may be more specialized than commonly thought.

Pollinators, which consume nectar and pollen and include both
specialists and generalists, may, like herbivores, be more negatively
affected by the decreases in plant diversity commonly associated
with plant invasions. Accordingly, we found that pollinator species
richness was lower on exotic than native plants in eight of nine
identified studies. Multiple reviews and meta-analyses have
concluded that the presence of invasive plants has a negative effect
on pollinator visitation rates to native species flowering at the same
time, lowering the seed set of those native species. Fortunately, the
removal of invasive species typically restores pollinator richness to
levels found in areas dominated by native plant species.

These results show that plant invaders are negatively impacting
invertebrate biodiversity, and that these effects are particularly
negative once 70% cover of the invader has been reached. They also
indicate that varying responses by different feeding guilds are
modulating the overall effect of plant invaders on invertebrate
biodiversity, and that this diversity can be recovered through habitat
restoration. With this knowledge, we can begin to predict the
consequences of plant invasions and restoration efforts by
considering both the extent of the plant invasion/restoration, and
the effects of the given plant invader on plant diversity and habitat
structure. 

The full report on this study has been published as a dissertation
chapter; journal publication is awaiting revision with additional
studies.

How Do Plant Invasions and Habitat Restoration Affect Invertebrate
Diversity and Function?  continued

Happy New Year!

sercal.org
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One final thank-you to our 
2015 Special Members…
$1,000 SUMMIT CIRCLE 
Westervelt Ecological Services Sacramento

$500 SUSTAINING BUSINESS 
Habitat Restoration Services Carlsbad

Helix Environmental Construction Group La Mesa

Integrated Environmental Restoration Services Tahoe City

RECON Environmental, Inc. San Diego

S & S Seeds, Inc. Carpinteria

$100 SUSTAINING INDIVIDUAL
Harold C. Appleton Prunuske Chatham, Inc. 
David B. Kelley K & AES, Inc. Winters

Kevin MacKay ICF International San Jose

Douglas W. McKinney D&D Wildlife Habitat Restoration Spring Valley

$250 CONTRIBUTING BUSINESS
Burleson Consulting, Inc. Folsom

E. Read & Associates Orange

Ecological Concerns, Inc. Santa Cruz

H.T. Harvey & Associates Los Gatos & Sacramento

Habitat West, Inc. Escondido

Institute for Conservation Research Escondido

New Irvine Ranch Conservancy Irvine

Olofson Environmental Oakland

Presidio Trust San Francisco

Prunuske Chatham, Inc. Sebastopol

RBF Consulting A Michael Baker International Company Irvine

SAFCA Sacramento

Hello Members!

Happy New Year! As 2015 draws to a close (it’s
NY Eve as I write this), I find there are many
reasons to feel grateful for the year we are
closing out.

We had an amazing conference in San Diego
this past May. SERCAL President and
Conference Chair, Pete Tomsovic — leading a
crew of exceptional session chairs and fieldtrip
leaders — crafted a conference that was not
only one of our best attended, but also most
inspiring conferences as we delved into
Restoration for the Next Generation. Keynote
speaker Shara Fisler and her amazing students
at the Ocean Discovery Institute were
engaging, active participants — it was
wonderful to see the interplay between them
and our regular conference-goers.

Our Facebook presence has been growing by
leaps and bounds thanks to the dedicated and
creative efforts of past Board President and
Secretary, Karen Verpeet.

The partnership with CNGA continues to grow
and benefit members of both organizations. Do
not be surprised if more partnerships arise in
the coming years.

We hugely appreciate the dedicated support of
our Special Members and conference
sponsors… Thank you! 

A round of applause to Board members Pete
Tomsovic, Ross Taylor, Harry Oakes, and Greg
Andrews — as well as all their contributors —
for four great issues of Ecesis this year.

And of course, one more thank-you to Susan
Clark, for twenty years of putting SERCAL first,
and to you, for all the good work you do.

There is much to look forward to in 2016 as we
return to a favorite venue, the North Tahoe
Event Center, for SERCAL’s 23rd Annual
Conference this coming May. SERCAL President
David Shaw has been putting together quite a
conference, and is being ably supported by a
great crew of session chairs and fieldtrip
leaders — Please join us! 

Julie   julie.sercal@gmail.com

$3,000 TORREY PINE — AECOM  San Diego

$2,000 OCOTILLO — H.T. Harvey & Associates  Los Gatos  p ICF
International  San Jose  p Wildlands  Rocklin

$1,500 TACO FIESTA HOST — RECON Environmental, Inc.  San Diego

$1,000 DEL MAR MANZANITA — Balance Hydrologics  Berkeley  p

BonTerra Psomas  Santa Ana  p Burns & McDonnell  San Diego  p ESA
San Francisco  p LandIQ  Los Angeles  p Olofson Environmental, Inc.

Oakland  p Westervelt Ecological Services  Sacramento

$500 SAN DIEGO GOLDENSTAR — AG -Renewal, Inc.  Weatherford,

OK  p Avila & Associates Consulting Engineers  San Francisco  p

California Native Grasslands Association  Davis  p DriWater  Santa Rosa

p Ecological Concerns, Inc.  Santa Cruz  p GreenHeart Farms  Arroyo

Grande  p Hedgerow Farms, Inc.  Winters  p Moosa Creek Nursery  Valley

Center  p S & S Seeds, Inc.  Carpinteria  p Society for Range Management
California–Pacific  p Society of Wetland Scientists  Western Chapter 

and 2015 Conference Sponsors…
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SERCAL 2016 Membership 
Application/Renewal Form  

Annual Membership Dues
INDIVIDUAL BUSINESS
$15  STUDENT $50  NONPROFIT ORG.  
$45  REGULAR $250  CONTRIBUTING *
$80  JOINT SERCAL + CNGA (discounted) $500  SUSTAINING *
$100  SUSTAINING * $1,000  SUMMIT CIRCLE *

* Receive quarterly recognition in Ecesis

SERCAL’s quarterly newsletter, Ecesis, is received with
ALL rates. Additional member benefits include:

Copies of each Number of discounted 
Category Ecesis issue ** rates at SERCAL events_____________________ ____________ ___________________

Nonprofit Org. 2 1
Contributing Business 3 3
Sustaining Business 4 4
Summit Circle 6 6

**Please list the additional names to be included on the 
Ecesis mailing list in the space below this form.

_______________________________________________________________________________________________________________________
NAME                                                                                                      DATE

_______________________________________________________________________________________________________________________
COMPANY/AFFILIATION

_______________________________________________________________________________________________________________________
ADDRESS

_______________________________________________________________________________________________________________________
CITY / ZIP + 4 / COUNTY

_______________________________________________________________________________________________________________________
EMAIL

CHECK IT OUT: YOU CAN RENEW ONLINE!
Go online to sercal.org and click on the Join! menu on
the top right of your screen. It’s win-win-win: easy, secure,
and convenient. Submit the online form and within one
business day you will receive an invoice from SERCAL
through Squareup for the membership amount you
have chosen. If you have any questions/concerns
regarding this process (or for some reason you don’t hear
back from us), please contact the Administrative Director,
Julie St John at julie.sercal@gmail.com. We will continue
to be check-friendly if that works better for you. Simply
enclose a check (made payable to SERCAL) with this form
and mail it to the (new) SERCAL Administrative Office at
515 N Desert Stravenue, Tucson AZ 85711.

SERCAL is a California non-profit 501(c)(3) corporation. Your membership dues are tax-deductible.

________________ + _____________________  =  ___________________
DUES                              ADDITIONAL SUPPORT        TOTAL AMOUNT PAID        THANK YOU!



515 N Desert Stravenue, Tucson AZ 85711
RETURN SERVICE REQUESTED

Have you moved?
Are you planning to?
Don’t forget to let us

know your new address!

The 23rd Annual Conference of  the 
California Society for Ecological Restoration
Kings Beach, California  2016

Technical Sessions: May 11–12   Abstracts due no later than Feb. 1
Creative Collaboration for Multiple Benefits  Will Spangler Fire and Post-Fire  Carol Presley

Creativity in Upland Restoration  Andrew Rayburn Riparian and Wetland Systems  Mark Young
Mono Lake  Ross Taylor    Montane Meadows  Erin Casey

Fieldtrips: May 13

Creativity in Collaboration


