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As scientists, naturalists, ecologists, students of nature, we
are seeking to better understand our world and its diverse
habitats and species through qualitative observations
and quantitative measurements. We are trying to best
approximate seasonal patterns, hydrology,
temperature and vegetation transitions, and species
migrations and adaptations. We go out into nature
to look, listen, and count; we bring our binoculars,
cameras, notebooks, pencils, and transect tapes; we
record what we see, we estimate, we write down
latin binomials, and we put the pieces of the puzzle
together to paint a picture of our natural world that
uses our measurements and observations of patterns
to tell a story. We do this to reconstruct disturbed
habitats to their pre-disturbance state, to follow climatic
changes, to produce vegetation maps, to understand species

behavior, to describe dynamic natural processes. The land
and its inhabitants speak to us and we repeat the story

as best we can to recreate form and function. 

There will always be a place for this process in
which nature speaks to the explorer, so that this
connection between the human and the natural
world is maintained. As stewards of the land
and purveyors of the truth, we increasingly see
that technologies developed and refined over
the last 20 years have improved our accuracy

and efficiency by somewhat removing ourselves
and our subjectivity from the analysis, helping us

to better produce our stories, and strengthening
the results of our restorative efforts.  

In this issue, we explore the application of some of these
emerging technologies to ecological challenges: collecting high
resolution vegetation cover data within the San Dieguito Lagoon1RECON Environmental, jross@reconenvironmental.com, South Coast &

Eastern Deserts Regional Representative of the SERCAL Board of Directors

Using Emerging Technology in 
Restoring California Habitats  by Jeannine Ross1, Issue Editor
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Using Emerging Technology continued

with Unmanned Aerial Systems (UAS) or Drones; evaluating
channel revegetation design alternatives of the Chapman Ranch site
within the Trinity River study area in northern California, using
height above river (HAR) analysis, a LiDAR-derived Detrended
Digital Elevation Model (dtDEM), and the Davis Hydrologic
Engineering Center’s River Analysis System (HEC-RAS); and
tracking habitat use, migration patterns, predation, and underwater
behavior of individual fish species on the Hoh River in Washington
and in the Sacramento San Joaquin Delta, pre- and post- restoration,
using acoustic telemetry including sonic tags and signal processing
software. We hope that you enjoy this issue and consider embracing
these technologies for your own restoration project challenges,
narratives, and designs.

Updates from the Board

At last: A photo of (most of ) the SERCAL Board of Directors! From the
very productive 13 October 2018 meeting at the Marin Municipal
Water District HQ in Corte Madera. Back row, from left: Geoff Smick,
Mauricio Gomez, Allegra Bukojemsky, Julie St John, Jamie Silva, Kevin

MacKay, Will Spangler, Thor Anderson. Front, from left: Carol Presley,
Shirley Innecken, and Greg Andrew. Not pictured: Ross Taylor and
Jeannine Ross, who attended via GoTo Meetings, and Ralph Vigil. 

During its half-day meeting, the SERCAL Board moved some key
business items forward — approving  the Bylaws Committee’s work,
following legal review, to update the organization’s original 2000
Bylaws, and nominating a slate of candidates for this Fall’s election
ballot (see page 15). SERCAL 2019 Conference Co-Chairs, Moe
Gomez and Will Spangler, presented their plans for the 26th Annual
Conference (see page 13), and the board had productive
conversations regarding reports from the Budget & Marketing and
Communications Committees. In addition, Greg Andrew reported
progress made on collaborations with other restoration/ecological

groups, both to reach out to potential members and to better serve
folks in Northern California. Stay tuned for details OR get in touch
with your regional representative to find out how you can be part of
the process (see page 15).

Lastly, many thanks to Gavin Archbald, our Board Secretary since
2015; he is stepping off the board (for now) to spend more time with
his young family. We also appreciate Carol Presley, Treasurer since
2013, for continuing that role til we found a new Treasurer. She will
stay on the board and serve as an At Large Representative.

San Dieguito Lagoon
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Introduction

The use of Unmanned Aerial Systems (UAS) or Drones in habitat
restoration is increasing significantly due to a reduction in entry
costs and required technical knowledge. We have found UAS
products an efficient means of collecting vegetation cover data at
high resolution and naturally reduce potential subjectivity of
classification using traditional class methods. Through the use of a
DJI Phantom 4 Pro and Esri ArcGIS Desktop, we are able to
effectively quantify vegetative cover class metrics in coastal lagoon
habitat. To perform vegetative cover analysis we captured ~1.5cm by
1.5cm resolution Red-Green-Blue (RGB) data in winter 2018 and
evaluated it at its ‘native’ (initial/non-modified) resolution. 

As some readers may know, the San Dieguito Lagoon will inevitably
provide mitigation credits for Southern California Edison’s San
Onofre Nuclear Generating Station upon restoration areas meeting
success criteria across an array of habitat attributes including
vegetative cover. As of 2016, restoration areas within the San
Dieguito Lagoon possess a surplus of mudflat and unclassified
vegetative acreage while lacking salt marsh acreage. The current
analysis is utilizing a 10m by 10m grid resolution to categorize
vegetative cover within the same study area. Utilizing UAS and
remote sensing techniques, we are testing different grid resolutions
to determine if vegetation cover varies.  

Methods

RGB photographs were collected of the San Dieguito Lagoon in early
2018 using UAS. This dataset was processed in ArcGIS Pro to
generate orthomosaics and in ArcDesktop to perform supervised
image classification. This method of image classification provides

an excellent starting point for classifying vegetated vs. non-vegetated
cover especially when near-infrared data is available. Unfortunately
at the time of data collection, our UAS was not equipped with a near-
infrared sensor, thus we performed classification on RGB imagery.
Upon conclusion of image classification, the native resolution was
effectively reduced to the 10m resolution through the majority
aggregation method, where the largest class within the aggregating
unit defines the unit’s class.

Discussion

This study focuses on the impacts of data resolution on derived plant
cover acreage. In this work we aggregated our data from a
0.000225m2 effective unit area to a 100m2 unit area.  The original
~0.015m unit dimension was determined based on the native
resolution/ground sampling distance produced by the UAS dataset.
The target 100m2 unit size is the current resolution that has been
used to date for evaluating vegetative cover within the San Dieguito
Lagoon. 

Within an identified area for restoration (Figure a–d), we found
reasonable output from the maximum likelihood image
classification on the original ~1.5cm unit size (Table 1). The majority

Figure a. Site locality with the San Dieguito Lagoon in Del Mar California.  Figure b. Raw RGB data of site W5 and W10 from January 2018.

continued next page

Role of Drones in Lagoon Restoration:   
A Case Study by Joel Sherman1, Dick Rol1, and Sean Bergquist2

1AECOM, 401 West A Street, Suite 1200, San Diego, CA 92101,
Joel.Sherman@aecom.com. 2Southern California Edison

Table 1. Vegetative cover classification for ~1.5cm/pixel and
10m/pixel data resolution. 

                    ~1.5cm/pixel     10m/pix    
Classification |   Area Acres  Percent   |   Area Acres  Percent   |   Delta

Vegetation                2.747           44.4%            2.419           39.1%        -5.3%

Mudflat                      2.850           46.0%            3.564           57.6%       11.5%

Bare ground             0.550             8.9%            0.194             3.1%        -5.8%

Water                          0.042             0.7%            0.013             0.2%        -0.5%

Note: The Delta column is the percent change in acreage of the

classification type as a function of the total study area.
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Figure d. Vegetative classification data at the 10m by 10m/pixel
resolution.

www.sercal.org 5 Ecesis

of the site is dominated by mudflat, 46%, followed by
salt marsh, 44%, then by bare ground, 9%, and finally
subtidal, <1% of the site. The aggregation of the 1.5cm
units into 10m units yielded a further stratification of
the cover ratio — increasing the mudflat composition
by ~11.5%, decreasing the salt marsh composition by
~5%, decreasing bare ground composition by ~6%,
and decreasing the subtidal composition by ~0.5% of
the site. The difference in vegetative composition due
to the aggregation of values within the 10m unit size
illustrates the impact of data treatment on the derived
vegetative acreage of a restoration site. From a plant
ecology standpoint, a minimum plant unit size (i.e.,
unit footprint) and plant unit density (i.e., quantity of
units) of a particular class required to classify area as
that type, would be appropriate to enforce on the
raw/initial classification data in alternative to a static
pre-defined unit size. A minimum plant unit size and
density would likely be influenced by the species
mature “overhead footprint” and minimum individual
density associated with a contiguous grouping of
individuals.

There are a fair number of variables influencing
vegetative classification via remote sensing. Primarily,
vegetative cover measurements using UAS methods
can be influenced by a multitude of factors, such as:
true vegetative cover, environmental conditions during
data collection (light shifts, suspended fine
particulates), dynamic sensor settings during data
capture (ISO, f-stop, shutter speed, and focus), raw
data treatment (pre-processing techniques), post
processing techniques (ex., resolution), and input
training data. Like with any data analytics, reducing
variability within these variables is vital to reducing
confounding factors. The easiest variable that we were
able to control was the method we used to collect,
process, and analyze the data. 

An additional in-depth study of the impacts of
resolution on derived plant cover class is currently in progress.
Preliminary findings support the loss of interspersed vegetative cover
classes when data resolution becomes more coarse1. As such, we
believe that the correct course of action related to defining vegetative
cover classes via UAS data is to define the minimum unit size and
irregular aggregating unit based on the characteristics of the
community one is measuring. When measuring vegetative cover in
a Southern California coastal estuarine system, we should consider
the minimum pixel size and aggregating units based on dominant
species within this system; e.g., Distichlis, Frankenia, Jaumea, Juncus,
Salicornia, Spartina, etc. We believe remotely sensed vegetation data

to be extremely effective at accurately quantifying vegetative cover
over time and feel that a greater level of discussion should be
promoted to establish standards within the practice.

I invite the reader to contact me with questions, thoughts, and/or
feedback on this article and topics related to remotely sensed
vegetative data.

Role of Drones in Lagoon
Restoration continued

1As resolution value increases, transitioning 1.5cm into 10m, the
resolution becomes more coarse.

Figure c. Vegetative classification data at the native ~1.5cm by
1.5cm/pixel resolution.
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Physical restoration and riparian area revegetation are primary
management actions used to restore the Trinity River, California
(Figure 1). There are many physical and hydrologic tools available
to quantify existing system condition and develop restoration plans
that restore not only form, but function. Over the last two decades,
advancements in remote sensing technologies and photogrammetric
methods, along with cost reductions for these technologies and
methods, have better enabled environmental spatial data (e.g.,
vegetation maps, LiDAR), hydraulic modeling, and ground
topography to be developed as part of almost all watershed planning
or physical river restoration efforts. However, developing
revegetation designs which identify and place the appropriate plant
species in locations where they will grow and thrive in the future is
rarely done using available data.

While the biological implications of restoring form and function are
intuitive, understanding ecological advantages of future form and
function can be open to interpretation. Vegetation growing alongside
rivers has been shown to be the response of individual plant species’
life history tactics and the environment in which they establish.
Revegetation designs are often integral components of post-project
recovery and long-term restoration, and thus should be designed to

take advantage of restored function. Currently, there are few tools
available to evaluate how current vegetation patterns relate to
physical and hydrologic conditions, and how those relationships
could then be used to develop riparian revegetation designs that take
advantage of future restored form and function.

Riparian corridors have been defined as the zone of direct interaction
between the terrestrial and aquatic system(s) or by the dominant
plant species present (Gregory et al. 1991). Within the riparian
corridor, physical and hydrologic gradients exert a strong influence
in vegetation patterns growing adjacent to streams and water bodies.
Closer to the water, hydrophytic and emergent plants may thrive,
whereas mesic plants may dominate vegetation a little further and
higher from the water. Vegetation zonation created by hydrologic
and physical gradients has been used in the past as a basis of
revegetation design (Royston et al. 2000, Hoag and Landis 2001,
2002, Bair et al. 2003, Sullivan and Bair 2004, McBain & Trush Inc.
2006, Hoopa Valley Tribal Fisheries Department et al. 2011, Hoopa
Valley Tribal Fisheries Department et al. 2015). 

We have applied a height above river (HAR) analysis to develop
concept-level revegetation design for sites within a 64-km reach of
the Trinity River in northern California, between Lewiston Dam and
the North Fork Trinity River (i.e., “Study Area”). Since the early
1980s, this reach of the Trinity River has been managed to restore

Figure 1. Location of 64-km Study Area and proposed Chapman Ranch channel rehabilitation site on the Trinity River, California.

continued next page

Applying a Quantitative Basis for Concept
Level Riparian Revegetation Designs
by John H. Bair1, Sunny Loya1, and James Chris Lee2

1McBain Associates, 980 7th St, Arcata, CA, 95521,
john@mcbainassociates.com, sunny@mcbainassociates.com. 2Hoopa
Valley Tribe, PO Box 417, Hoopa, CA 95546; lee@trinityriparia.com.
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and maintain freshwater habitats for anadromous salmonids that
were impacted by historical dam operations, hydraulic mining, and
urbanization. Since the early 2000s, the Trinity River Restoration
Program (TRRP) has used a combination of mechanical channel
rehabilitation, sediment augmentation, and flow management to
restore the Trinity River. Rehabilitation projects within the study area
often involve building side channels, lowering floodplains, and other
large earthwork activities within and adjacent to stream channels. A
primary goal of physical designs is to lower ground surfaces,
reconnect the floodplain to the river, and increase the duration and
frequency of inundation with lower magnitude streamflows.
Revegetation is an integral part of linking physical channel
rehabilitation to aquatic and terrestrial riparian habitats and involves
selecting the appropriate plant species and placing them in locations
where they may establish and thrive. 

On the Trinity River, the relationship between vegetation and the
ground surface height above the 12.7 cms water surface elevation
was developed to describe existing vegetation zonation before a
rehabilitation project was designed and constructed as a basis for
developing revegetation designs. Streamflows of 12.7 cms are
released from Lewiston Dam during summer and early fall to
maintain suitable water temperatures for over-summering salmonids
and maintain a constant source of water to the adjacent groundwater

table. Field-based vegetation mapping has created a high-resolution
map that was used to evaluate the relationship of ground surface
elevation adjacent to the Trinity River and associated land cover
types growing within the riparian corridor and adjacent uplands
along the Trinity River between Lewiston Dam and the confluence
of the North Fork (HVT and MA 2015). A Detrended Digital
Elevation Model (dtDEM) was developed using existing ground
surface topography and the 12.7 cms streamflow elevation as
determined from one-dimensional hydraulic HEC-RAS1 modeling
results. HEC-RAS was applied to predict the water surface elevation
for the 12.7 cms baseflow. The 12.7 cms water surface was laterally
extended (assuming a flat shallow groundwater table) using HEC-
RAS model output and cross sections to construct a 12.7-cms water
surface digital elevation model (DEM). The 12.7 cms DEM raster
cells were subtracted from individual ground surface raster cells to
construct a dtDEM. High-resolution field-based vegetation maps
were overlaid on the 12.7 cms dtDEM. An analysis was conducted

Applying a Quantitative Basis for Concept-Level Designs continued

Figure 2. Box-whisker plots illustrating the median elevation and range above water for mapped cover types. The red horizontal line in the
middle of each box is the average elevation of the cover type. The box is defined by the 25 and 75 percentiles, and the grey lines show the range
in data between minimum and maximum height above 12.7 cms. 

1HEC-RAS is a computer program that models the hydraulics of water
flow through natural rivers and other channels. The Hydrologic
Engineering Center (HEC) in Davis, California developed the River
Analysis System (RAS) to aid hydraulic engineers in channel flow analysis
and floodplain determination.
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to identify the range of dtDEM elevations associated with each
vegetation cover type, and identify the 25, 50, and 75 percentile
elevations and median elevation for each cover type. The average,
standard deviations, and 95% confidence intervals for the range of
dtDEM pixel values within each cover type polygon were also
calculated. Box whisker charts were prepared using detrended
elevation range, 25 and 75 percentile data values, and median
elevation (Figure 2). Vegetated and unvegetated land cover types
were ranked from smallest median elevation (lowest value) to largest
median elevation (highest value), and vegetation zones were
qualitatively assigned in one-meter increments loosely based on
asymptotes in ascending medians. Four vegetation and one in-
channel (i.e., aquatic) zones were defined based on the median
elevations of different cover types (Figure 2). Each zone is defined
as an elevation above the 12.7 cms water surface elevation. The
elevation ranges associated with vegetation zone boundaries were
used to define vegetation zones on design topography, and to
evaluate how a design alternative would change existing zonation
patterns. 

The Chapman Ranch channel rehabilitation site, a proposed channel
rehabilitation site located within the Trinity River study area (Figure
1), was 55.6 hectares and included approximately 1.3 river kilometers
of channel, associated banks, and floodplain. Physical design features
were designed to perform both ecological and geomorphic
functions. A riparian goal for the Chapman Ranch channel
rehabilitation site was to promote the establishment and growth of
a more diverse assemblage of deciduous hardwoods with varying
ages so that the size and frequency distribution of naturally recruited
vegetation would increase in the future. 

Results from the HAR analysis were applied to the detrended
Chapman Ranch design topography (Figure 3). The area of
individual vegetation zones within each proposed design alternative
was tabulated and used to quantify revegetation associated with each
design alternative. In-channel areas were not typically planted unless
the threat of invasive plant colonization and establishment was high.
Areas designated as emergent may or may not have been planted
depending on proximity to the main channel, intended hydrologic
function, and threat of invasive plant species recolonization.
Different plant species are associated with each zone and form the
basis of species that were included in the plant palette used in more
detailed revegetation designs developed during later designs phases.
Compared to existing conditions, the Chapman Ranch design
increases aquatic, emergent, and mesic zones 49% over existing
conditions (Figure 3). 

The HAR analysis uses data commonly collected as part of a site-
specific channel rehabilitation civil design process and applies them
to a broad project area. LiDAR-derived bare earth DEM, 1-
dimensional HEC-RAS hydraulic modeling output, and vegetation
maps are frequently available for many project areas. The HAR
analysis can be conducted at a site or watershed-scale and applied to
channel rehabilitation site designs. We used the quantitatively
defined vegetation zones to guide revegetation design. The method
we developed applies existing knowledge — about the relationship
between vegetated cover types and the environmental locations
where they grow — to physical designs to be able to numerically
quantify differences between design alternatives and evaluate
changes compared to existing conditions. For watersheds with

Figure 3. Changes in vegetation zones at the proposed Chapman Ranch channel rehabilitation site on the Trinity River, California under existing
conditions and proposed design conditions.

Applying a Quantitative Basis for Concept-Level Designs continued

continued next page
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multiple rehabilitation projects, each with many alternatives, this
approach represents a significant cost savings over developing
individual revegetation designs on a site-by-site basis within a single
watershed.
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Acoustic telemetry has played an important role in fisheries research
since the 1950s. Though first used in the Columbia River, additional
studies began to emerge in various locations including the
Sacramento–San Joaquin River Delta in California (Adams et al.
2012). At a variety of study sites, telemetry data has expanded our
understanding of fish behavior, providing meaningful insight on the
success of a restoration project. 

Past Studies

In California, one of the first projects to use telemetry occurred when
salmon runs suffered a devastating collapse due to water conditions
in 1961 (Hallock et al. 1970). Adult Chinook salmon runs in the San
Joaquin River system dropped from 53,000 fish in 1960 to 2,550 fish
in 1961 (Hallock et al. 1970). Because similar runs on the
Sacramento River did not experience the same drop in numbers,
researchers theorized that flow reversals (caused by water pumping),
and low oxygen levels (caused by pollution) on the San Joaquin were
the most likely causes of the run collapse. 

To understand more about how adult Chinook salmon react to low
oxygen levels and flow changes, fish were externally tagged with sonic
tags (an older version of the modern acoustic tag) (Hallock et al.
1970). Receivers with hydrophones attached were used to detect
pulses from tags which were then converted to an audible sound
(Hallock et al. 1970). This sound was then recorded on a tape
recorder. During mobile surveys, technicians would listen for the
transmitted sound, and record when they heard a fish (Hallock et al.
1970). Through the use of this technology, it was determined that
very few adult Chinook salmon migrated when dissolved oxygen

levels were less than 5 ppm (Hallock et al. 1970). In addition, the
salmon typically did not migrate when flows were reversed (Hallock
et al. 1970). These conditions prevented the salmon from migrating
up the San Joaquin River system to spawn, thus having drastic
impacts on population numbers (Hallock et al. 1970). Using these
sonic tags, researchers began to learn more about what impacts fish
behavior and were then able to suggest ways to restore the natural
runs. 

Recent Projects

Since those early receivers and sonic tags, updates have made
monitoring much more effective, allowing for hundreds of tagged
fish to be detected simultaneously. In addition, recent processing
software can filter out background noise not associated with tags,
providing certainty for researchers that the signals they are detecting
are from tagged fish.

In more recent years it has become increasingly clear that changes
in the Sacramento–San Joaquin Delta channels from anthropogenic
developments have had negative impacts on fish migration.
Researchers have found that acoustic tags can help determine how
fish are altering their migration patterns, and what methods can be
used to help restore their natural behavior. By doing pre- and post-
project monitoring, scientists can evaluate the long-term impacts of
restoration project design on fish behavior. Though water conditions
continue to alter due to human intervention, these early studies have
led the way for innovative ideas such as barriers to restore salmon
runs and natural migration patterns.

Acoustic telemetry was used to assist in restoration work on the Hoh
River in Washington in 2009 and 2010. Acoustic tags were used to

Figure 1. Side by side images of the engineered Logjam (ELJ) study reach, and the riprap (RR) study reach (Peters et al. 2012).

continued next page

Acoustic Telemetry: Past, Present, and
Future Tools in Restoration Work
by Laura E. Rudolph1

1Biologist, HTI–Vemco, lrudolph@htisonar.com.
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compare the habitat utilization of juvenile salmonids between
engineered logjams (ELJ) and riprap (RR) when used for bank
stabilization (Peters et al. 2012). Figure 1 shows the two restoration
study areas. Large angular rock, or RR, has been commonly used for
bank stabilization when erosion occurs (Peters et al. 2012). However,
because wood is considered a critical part of streams and rivers,
researchers wanted to test for the difference in ELJ and RR habitat
usage among the most common species on the Hoh River such as
Chinook salmon, Coho salmon, steelhead, Mountain Whitefish, and
Sculpin (Peters et al. 2012).

Forty-two fish were tagged with acoustic tags, and sixteen
hydrophones were deployed to detect individual acoustic tag signals
when tagged fish swam into the hydrophone array (Peters et al.
2012). These signals were then processed using software to create
fine-scale tracks for each individual fish (Figure 2).

Once tracks were created, it was generally observed that the
engineered logjams provided favorable habitat for juvenile salmonids
(Peters et al. 2012). Specifically, they preferred notably deep pools
and eddies (Peters et al. 2012). One surprising conclusion from this
research was that large boulders from previous riprap failure may
have actually increased stream habitat diversity, adding overhead
cover which juvenile salmonids can find favorable (Peters et al. 2012).
Through the use of fine-scale tracking, researchers can design
restoration projects that provide ideal habitats for optimal
population growth.

In 2012, researchers in the Sacramento–San Joaquin River Delta
tested the use of a non-physical behavioral barrier to redirect juvenile
Chinook salmon away from Georgiana Slough, which was
determined to be a low survival fork of the Sacramento River (Figure
3) (Perry et al. 2012). Entrainment due to changes in flow from
irrigation and hydroelectric generation have altered this section of
the Sacramento–San Joaquin River Delta over time (Perry et al.
2012). The nonphysical barrier consisted of strobe lights, sound, and
a bubble curtain. This barrier was investigated as an alternative to
physical screens that can cause fish impingement and increase
mortality (Perry et al. 2012).

Twenty hydrophones were deployed and positioned to monitor
acoustically tagged fish in the area of the non-physical barrier. Using
positioning software, 2D tracks were created from the data to display
fish behavior as they migrated near the barrier. 1,414 juvenile late
fall Chinook salmon were used for the analysis (Perry et al. 2012).
Two dimensional track data showed that 7.7% of the fish analyzed
were entrained in Georgiana Slough when the temporary barrier was
turned on versus 22.3% of the fish entering Georgiana Slough when
the barrier was turned off (Perry et al. 2012). From these tracks we
can gain a better understanding of fish behavior and work towards
restoring natural fish migration. Figure 3 displays three example
tracks using the visualization software Eonfusion (Echoview
Software, Hobart, Tasmania).  

These 2D tracks clearly show how the barrier influenced fish
migration. The barrier was successful in deterring two out of the

three fish. Rather than simply enumerating presence or absence, 2D
tracks give us a greater understanding of fish behavior. For example,
the analysis showed that the position of the fish within the main stem
as it approached the slough area (Figure 3) was extremely influential
in determining if they became entrained or not (Perry et al. 2012).
Environmental factors such as water discharge rates and flow
patterns influenced fish location in the main stem (Perry et al. 2012).
Fine-scale tracking is critical for informing researchers of more than
just whether or not a fish is entrained, but what factors could
influence this behavior. By pairing other variables such as discharge
or flow patterns with a fish track, we can learn even more about what
influences fish movement. 

Though the barrier was successful in deterring fish from Georgiana
Slough, it’s important to question how it may have influenced
predation as well. With new technology such as the Predation
Detection Acoustic Tag (PDAT), which can tell us when a fish has
been consumed, we no longer have to make educated guesses
regarding predation (Schultz et al. 2017). This is a major
advancement in acoustic tag technology and will influence our
understanding of fish behavior.

Emerging Technology

There is a wide variety of emerging acoustic technology used for fish
tracking that can work toward improving restoration projects such
as 2D and 3D tracking, PDATS, and Mobile Surveys. Fine-scale

Acoustic Telemetry continued

Figure 2. A wild Steelhead track at the ELJ site during August of 2009
(Peters et al. 2012).

Figure 3. Three fish tracks displayed in Eonfusion; fish with tag code
2175.28 entering Georgiana Slough despite the barrier, fish with tag
2469.26 was redirected by the barrier and continued down the main
stem, and fish with tag code 2721.22 was deterred by the barrier, but
subsequently eaten by a predator (California Department of Water
Resources, 2015).  

continued next page
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acoustic tag tracking can provide previously unknown insights into
the underwater behavior of each individual species during pre- and
post-restoration efforts. With the addition of mobile surveys,
researchers are not limited to fixed monitoring sites, but they have
the ability to detect acoustically tagged fish across almost any habitat.

The PDAT tag is also a unique tool that is extremely helpful in
understanding more about fish behavior and their interactions with
predatory species present within their ecosystems. With the use of
this tag, researchers no longer have to rely solely on “predator-like
behavior” visually observed from a fish track, and then infer that the
subject was eaten. The acoustic signal received from a PDAT tag
alters when the tag has been consumed and the tag is exposed to the
predator’s digestive enzymes. The PDAT tag will be very important
for projects throughout the Sacramento–San Joaquin Delta as rich
tidal wetland habitat continues to be restored and researchers work
to ensure the habitat is conducive to native species such as Delta
Smelt, as well as developing strategies to minimize predation on
these threatened species.

As biologists continue to restore California’s natural habitat, acoustic
telemetry will play a major role in monitoring the progress and
effectiveness of these projects. Acoustic tags can be a great tool for
observing a site before, during, and after restoration, and new
developments in tag size and predation detections will only enhance
our understanding.  
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$1,000 SUMMIT CIRCLE 
Westervelt Ecological Services Sacramento

$500 SUSTAINING BUSINESS 
Dudek Encinitas

Habitat Restoration Sciences, Inc. Carlsbad & Rocklin

Helix Environmental Construction Group La Mesa

S&S Seeds Carpinteria

$250 CONTRIBUTING BUSINESS
Burleson Consulting  Folsom

Comstock Seed  Gardnerville NV

H. T. Harvey & Associates Los Gatos

Irvine Ranch Conservancy Irvine

Michael Baker International Santa Ana

Northwest Hydraulic Consultants Sacramento

Olofson Environmental Oakland
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Philip Brownsey Sacramento
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Many thanks to
these generous

members for 
their support 

in 2018!

Many thanks to our generous 2018 conference sponsors!
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Allegra.Bukojemsky@icf.com

Will Spangler H.T. Harvey & Associates
wspangler@harveyecology.com

South Coast & Eastern Deserts (Mono, Inyo, San Bernardino,
Ventura, Los Angeles, Orange, Riverside, San Diego, Imperial)

Mauricio Gomez South Coast Habitat Restoration
mgomez@schabitatrestoration.org

Shirley Innecken San Elijo Lagoon Conservancy
shirley@sanelijo.org

Jeannine Ross RECON Environmental, Inc.
jross@reconenvironmental.com

At Large Directors & Affiliate Members
At Large Carol Presley (pending) Carol Presley Consulting
capresley.pe@gmail.com

Affiliate Jamie Silva  CA Department of Water Resources
Jamie.Silva@water.ca.gov

Affiliate Liz Agraz  WRA, Inc. agraz@wra-ca.com
____________________

ADMINISTRATIVE DIRECTOR Julie St. John
julie.SERCAL@gmail.com

FALL ELECTIONS:
Watch your email inbox for

your SERCAL Ballot
With the Board Restructuring that members
approved in last year’s elections, we have quite a
few people on the ballot this Fall. The Board
passed a Resolution that only Regional and At
Large Representatives can vote on Board
decisions. We have 5 board members whose terms
need to be renewed, and two officers to elect.
Many of our officers, if not already a
Representative, have chosen to run as an At Large
candidate. The Board has nominated the
following slate for this year’s election; all
candidates to serve a 3-year term: 

Renewing candidates:
Kevin MacKay, North CA Regional Rep

Ross Taylor, North CA Regional Rep
Allegra Bukojemsky, Central CA Regional Rep

Will Spangler, Central CA Regional Rep
Mauricio Gomez, South CA Regional Rep

p

New candidates:
Greg Andrew (President) as At Large Rep

Geoff Smick as Treasurer and At-Large Rep
Shirley Innecken (South CA Rep) as Secretary

Carol Presley as At Large Rep

By the time you receive this newsletter issue, you
will have already received an email (via
MailChimp) with a link to the ballot which you
can  either complete online or print and return via
post as long as it is received by December 1, 2018.
If you have any questions about this process — or
if you are inspired to take a more active role in
California’s restoration community — please send
an email to your regional representative or Julie St
John. We look forward to hearing from you.
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Nothing puts me more in
the holiday mood than renewing
my SERCAL membership online…

Just sayin’ :>)

Beyond Recovery: 
Restoration for the Future
The ecological systems of our beautiful state of California are under almost constant
siege from one or more of the impacts from the past (historical land use practices
and extensive development), the present (prolonged droughts, history-making
wildfires, flooding, and massive mudslides), and the future (climate change and
increasing human pressures). Looking beyond recovery, our collective restoration
expertise and efforts must work towards models of resiliency that will address
ecosystem recovery for both today's and for tomorrow’s generations.

Please join our gathering of habitat restoration experts to contribute and learn from
partners on how best to apply state-of-the-art restoration lessons and approaches.
Participants will have the opportunity to share the science, art, and passion of
ecological restoration as we look towards future challenges and opportunities.

Whether you work statewide or locally along the Central Coast, we look forward to
your participation at SERCAL’s 26th Annual Conference in Santa Barbara.

— SERCAL 2019 Conference Co-Chairs,
Mauricio Gomez South Coast Habitat Restoration

and Will Spangler H. T. Harvey & Associates

Call for Abstracts: 
sercal.org

Tiger lily in Carpinteria Watershed after the Thomas Fire.
Photo courtesy Mauricio Gomez


