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INTRODUCTION

The federally threatened western snowy plo¥erafhynchus nivosus nivosssowy plover)

and the federally endangered California least t8tar@ula antillarum brownileast tern) are two
small, grounehesting birds that have been negatively impacted by habitat loss and increased
predator populationd’he United States Fish and Wildlife Service (USFWS) has written

Recovery Plans for each species that outline specific productivity goals and metrics that must be
met in order for each species to be delisted (USFWS 1985, USFWS 2007). Snowy plovers and
least terns breed in the San Francisco Bay Area (Bay Area) on former salt production ponds,
levees, and placed fill material. As Bay Area salt ponds are breached and returned to tidal marsh
habitat through the South Bay Salt Pond Restoration Project (SB3R&Bjher restoration

projects, snowy plovers and least terns lose vital breeding habitat. Eden Landing Ecological
Reserve (ELER) in Hayward, California is a large tract of former industrial salt production ponds
owned by the California Department of Festd Wildlife (CDFW;Figure 1). In the Bay Area,

ELER is the only site south of the San Mateo Bridge where least terns breédsaisb the

most productive snowy plover nesting site, with typically over half of the total breeding activity
occurring there.

For over 40 years, the San Francisco Bay Bird Observatory [SFBBO; a 501(c)(3) nonprofit] has

been conserving bird populations and their habitats through science and outreach. SFBBO began
monitoring snowy plovers i n 20itbridgpeogramaligesast t e
with the Recovery Plans written for each species by assessing whether the snowy plovers and

least terns in the Bay Area are meeting their recovery goals and metrics. We also use data

gathered through our work to inform landownerd &md managers of ways they can support

snowy plovers and least terns.

In 2024, SFBBO, along with H. T. Harvey and Associates (HTH) and Avocet Research
Associates Biologist Carleton Eyster (collectively, project members), were awarded Section 6
grant G238105 through the USFWS and the CDFW to advance the recovery of snowy plovers
and least terns in ELER. HTH are a group of professional ecologists that have delivered
exceptional consulting services to public agencies, private entities, and nonprofitatigagiz
since 1970. Carleton Eyster is an independent researcher who has been dedicated to snowy
plover conservation for the past 30 years.

The purpose behind this grant was to help landowners address the needs of snowy plovers and
least terns as tidal méwrsestoration activitiesontinuewithin the Bay Area and ELER 0

accomplish this, project members made use of Motus Wildlife Tracking System (Motus)
technol ogy to tr sakmemensyandmabivatuserirsELERfpondseE14
and E6B. Thisg the first time that Motus technology has been used on the federally listed snowy
plover population and thus represents an important exploratory study. In addition, project
members completed multiple other objectives including habitat enhancement, redatop

surveys, management of the South Bay Tern Watch Volunteer Program, and communication
with land managers.

This report will focus on the novel Motus study, but will also summarize the work performed in
service of the other objectives as well. Thédf@ing sections will describe the methods and
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results for each aspect of the project, plus a discussion of the results and recommendations for
management and future research.

METHODS

Motus Technology Background

Motus is a radio telemetry system designettdok flying migratory species, including birds,

bats, and large insects (Motus 2022). The system relies on a series of remote receivers (Motus
towers) that are independently installed and
receive transmissns from any Motusompatible tags within range. When a tagged individual

moves through an area with adequate Motus tower coverage, its flight path and timeline are
recorded by the towers and uploaded to the Motus website. This is the basic Motus mictiel, w

is most useful for tracking species that migrate over long distances.

CDFW operates over 30 Motus towers throughout California. One of these towers is installed at
ELER between ponds E14 and E6B. The ELER Motus tower includes directiadaahas that

detect 166 and 434 megahertz transmitter signals and an omnidirectional antenna that detects 434
megahertz transmitter signals.

Cellular Tracking Technologies (CTT), a major supplier of Matasipatible technology,

produces several digital radio products that operate on the 434 megahertz frequency. The
products we chose for this study include the CTT Hybridtag with Flex Tab transmitter (tag; 0.65
grams, tab size small, with a nylon coated braided steel antenn@)f th8idekick receiver with
Handle and both 434 MHz and 2.4 GHz Yagi Antennas (sidekick); and the CTT Node Version
3.0 with CTT SolarPack solaechargeable battery pack (node). The node is a small and portable
transceiver that can receive Mottsmpatibletransmitter signals and communicate those data to

a nearby Motus tower. Each node records its own GPS location, and multiple nodes arranged in a
grid allows multilateration to localize the position of a tagged individual within the grid. CTT
recommendedatdes be spaced 200 meters apart and within 1.5 kilometers of a Motus tower
outfitted with an omnidirectionantenna dedicated to receivingde signals (CTT, personal
communication).

Node Grid Deployment and Calibration (Objective 2)

Due to an increase in price of the node hardware between grant writing and project
implementation, project members were only able to purchase 56 nodes instead of the originally
planned 83 nodes. As such, the coverage area was reduced, so nhode grids/westaled at

ponds E14 and E6B, and no nodes were installed at ponds E13 or E8. Project members chose to
focus on these two ponds because they have had the highest rates of snowy plover nesting at
ELER in recent years.

Project members and volunteerstatied the nodes on March 8, 2025. We installed twenty nodes
at Pond E14Kigure2) and 36 nodes at Pond E6GBEdure 3). The nodes were installed 200

meters apart in a triangular grid. Where it was not possible to place a node at exactly 200 meters
(e.g.,if the correct point was in deep water or the middle of a levee), we offset the node to the
closest suitable location (typically no more than 10 meters away).
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During the initial setup, each node and its associated solar panel was mounted -doa five
length of metal conduit that we then sheathed over affmtrlength of rebar sunk

approximately two feet into the ground. We oriented the conduit so that the solar panel faced
south and sank it a few inches into the ground to prevent the conduit fromgotatideter

avian predators from perching on the nodes, we added twimsightinch segments of metal
bird spikes to the top of the node and solar panel.

After setup, project members noticed several issues with node performance: nodes farther than 1
kilometer and some nodes between 0.7 kilometer and 1 kilometer from the main Motus tower

were not connecting to the tower; and nodes were rotating in heavy winds. Following a

conversation with CTT, we raised the nodes higher off the ground by adding dnatlieet of

conduit to each node. We thsank the poles approximately two feet into ¢gheund to prevent
rotating,removed the metal bird spikes dugtgential signal interferencands et each node
power transmissi on slywettestedgvhether difedtiongl andennasAd di t i o
provided better node connectivity but determined that the omnidirectional antenna performance

was superior. After making teechanges and switching the nodes back to connecting to the
omnidirectional antema, all 56 nodes connected to the Motus tower.

Once the nodes were deployed and initial connectivity issues corrected, project members

cali brated the nodes by walking a tag through
with a sidekick. In ordeto mimic the ground plane effect, where radio signals radiate with
increased power due t o tHody we attgohed a fad taacegme nt o n
chicken tender (Adrados et al., 2002). We placed the tagged chicken tender on a wooden pole

with the tag oriented parallel to and held approximately 4 inches off the ground to replicate the
typical movement of a plover.

Separately, we tested detectability for a sample of the tags by attaching a tag to a plastic decoy
and setting the decoy on theognd to mimic an incubating plover. With the sidekick, we walked
loops away from and around the tag and recorded relative signal strength indicator (RSSI) values
for varying distances from the tag.

Over the winter, CDFW raises water levels, permits watetffo hunt i ng on E6B, an
northern levee to pedestrian traffic. Due to the increase in human activity and water levels on

each pond, project members removed the node grid on September 18, 2025 and stored the nodes
for the winter at SFBBOG6s office.

Snowy Plover Surveys and Nest Monitoring

In order to address snowy plover recovery goals and identify which adult plovers were suitable
candidates for a Motus tag, we conducted extensive surveys and nest monitoring. To accomplish
this, SFBBO biologists peormed weekly observational field surveys at ponds E14 and E6B

using spotting scopes and binoculars. During each survey, biologists recorded the number and
behavior of all observed plovers, identified the age and sex of each individual by plumage (Page
etal. 1991), recorded the combinations of anlor-bandedbirds, and entered all data into Field
Maps, a smartphorgased mapping application developed and hosted by Esri (Esri 2025).
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We located snowy plover nests by scanning for incubating adults dachgsarvey. If we

found an incubating plover, we searched for its nest on foot and entered the nest location into
Field Maps. During the first nesisit, we recorded the number of eggs or chicks in the nest and
floated eggs that were not in the proceskatthing to estimate egg age. Using the estimated egg
age, we calculated the nest initiation date and predicted hatch date based on an average egg
laying-to-hatching period of 30 days (calculated from previous data collected in the Bay Area;
SFBBO, unpuhshed data). We confirmed the status of each active nest weekly by observing an
incubating adult through a scope during the survey. If we did not observe an incubating adult at a
nest, we conducted a follow up nest visit to confiine nesis statusWhen there were no longer
eggs in the nest, we assigned each nest a fate (hatched, teepradandoned, flooded, failed
unknowncause, or unknown) based on evidence seen at the nest (Mabee 1997). We defined a
nest as successful if it hatched at leastemwe

Biologists documented additional hatched snowy plover nests based on the presence of broods

that did not come from a known active nest (e.g., we observed young chicks but were not

currently monitoring any nests close to hatching). We recordedthesese as fAf ound as
and Afound at brood stage. 0 ,bunveyarsiatdadionaiyn, whi |
found empty scrapes that contained eggshell fragments from a hatched nest, or yolk splatters

from a depredated nest. As this type of mestience degrades over thenter, we assumed the

scrape had beeactive in 2025 and assigned these nests a fate based on the evidence present. We
al so marked these nests as fifound as inactive
nest totals, bubmitted these nests from our analyses, since including them would positively bias

our hatch rate estimates.

Snowy Plover Color Banding and Motus Tagging

Project members responsible for banding (banders) targeted a subset of monitored nests to band
adultsand chicks. Due to the precocial nature of chicks, banders arrived at the nest before the
adult ked the chicks awayypically within a 68 hour window after the last egg hatched. In order

to correctly time banding activities, we visited tiest within four days of the estimated hatch

date to confirm the accuracy of the estimated date or update it based on the hatching status of the

eggs.

We captured chicks by hand and banded them with a uniquedtarrcombination by placing

two bands onach leg (two below the right tibiotarsal joint, one above the left tibiotarsal joint,

and one below the left tibiotarsal joint). Each combination consisted of three plastic color bands
(Darvic brand, size XCL; Acetal brand, size XCL; or Avian ID brands §iP3) and one metal

USGS band (size 1P). We wrapped each band wit
longevity. The unique color band combination allowed us to identify individuals that survived to
fledge. We defined a fledged chick as one thatiged to 28 days of age, at which point it was
consideredapable of flight (Warriner et al. 1986). We documented dodémded snowy plovers

when we resighted them on subsequent surveys, opportunistically duringurery activities,

and when weeceived thirgparty reports of banded snowy plovers. At the end of the season, we
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calculated apparent fledging success as the percentage of fledged, banded chicks out of the total
number of chicks banded.

Project members deployed tags on 20 adults in Bii4=6B in June and July 2025. We trapped
adults at the nest using a wailktrap or snare mats, colbanded them as described above, and
weighed them to ensure that the tag and attachment hardware did not exceed 3% of the

i ndi vidual 6s bmoatkly 1.2g erilegsh We dttacipeg tags Msing-doleg harness
made from0.7-millimeter Stretch Magic elastic cord and custditrto each individual using a
crimping bead to secure the appropriate tension on the cord. Upon deployment, the tag began
transmitting asignal every 5 seconds. Tags have a nydér lifespan, so we will continue
receiving data while the tagged plover is within detection range.

Motus Data Analysis
Throughout the season, individual nodes occasionally failed to transmit their recent Wetectio

data to the Motus tower. As a resul t, the det
incomplete. However, each node containdd-gigabytemicro Secure Digital (SD) card that
stored al l of the nodeds ded, weaddwnloaded dasatfram Af t e

each nodeds Waihenrcalategdc It ar agged i ndi Vvirondeaehl 6s det
node into a single file in &GIS Pro. Project membecseated heat maps for each individual to

show the relative intensity di¢ir use of habitat within the node grid. Data were split in the

following ways to create heat maps that represented distinct periods of behavior:

w

0 When individuals were banded prior to nests hatching, we split the data into two figures,
with one figure shwing habitat use before the nest hatched and another showing habitat
use from the ne& hatch date to the chis&fledge date. Although SFBBO has observed
that some chicks require additional time to become fully independent from their adult, we
standardizedwr approach b{imiting our analysis to thaccepte®8-day fledge period.

0 When individuals were tagged at hatch, we produced one heat map for-fles gireg

period, and a second map showing -fledgieg i ndi v

period, which mcludes all detections until the node grid was taken down on September

18, 2025

When individuals were Motus tagged but the nest was depredated before eggs could

hatch, we produced one heat map from the date of tagging until the date and time that

these nests ere confirmed depredated by camera, and a second heat map following the
depredation until the last detection in the node grid.

For five pairsthat were both Motus taggede split the data by day and night using civil

sunrise(5:22am PDT) andivil sunset (8:32pm PDT) on July 4, 2023Jnion City, CA

to analyze how a pair split incubation duties and utilized habitat while tending to an

active nest.

O«

O«
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RESULTS
Snowy Plover Breeding Summary (Objective 3)

Nest Abundance and Success

Project members monitored a total of 89 nests at Eibdie4). Of these nests, 73 hatched

(82%), six were depredated (7%), one was abandoned (1%), one was flooded (1%), two failed

due to unknown causes (2%), and six had unknown fates (7%). An additiomedsts on E14

were found as inactive and are not included in these meTiatdgl). Seven of these ten nests

were detected at brood stage, and the remaining three were found as empty scrapes with evidence
of either recent hatch or recent depredatitmwever, it is likely that thererere more undetected

nests in addition tthese ten. Becaasf the high hatch rate on Eddring the height of the

breeding seasoit became difficult to determine if a given brood was from a known nest or an
undetected nest.

Project members monitored a total of 25 nests on Eo@u(e5). Of these nests, 11 hatched
(44%), 12 were depredated (48%), one was abandoned (4%), and one had an unknown fate (4%).
One additional nest was detectedn&tbrood stageTablel).

Chick Fledging Suzess

Project members banded a total of 75 snowy plover chicks, including 61 chicks at E14 (30% of
chicks hatched) and 14 chicks at E6B (48% of chicks hatched). Of these 75, project members
confirmed that 18 have fledged as of December 17, 2025jsting ofl5 from E14 and three

from E6B. This results in an apparent fledge rate of 24% across the two ponds, 25% at E14 and
21% at E6B.

Oyster Shell Habitat Use

In the past, SFBBO has demonstrated that snowy plovers preferentially nest in areas that are
sparsely overed in oyster shells (see tHabitat Enhancemesection below for additional
details). However, in the last few years, this preferepgears to be getting less distjrattleast

on E14.

As of 2025, shelledreas (consisting of the Western Shell Plot, Eastern Shell Plot, and
Opportunistic Shell Plots) on E14 account for approximately 52% of the total habitat ayailable

and unshelled areas account for approximately 48% of the total habitat ava&ilgbie4). On

E6B, shelled areas account for approximately 8% of the total habitat avaaladhlenshelled

areas account for approximately 92% of the total habitat availaigier€5). Given these

proportions and the number of nests monitored on each pond iniRO&se was no preference

for shells, we would expect to observe approximately 46 nests in the shelled areas and 43 nests in
the unshelled areas of E14. We would expect to observe approximately two nests in the shelled
areas and approximately 23 nestthi@ unshelled areas of EGB.

At E14, we observed 55 nests in the shelled areas and 34 nests in the unshell&tyareds. (
A chi-squared test reveals that this does not show a significant preference for the shelled areas
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(df = 1,6% = 3.42, p = 0.064)However, when we examined each shell plot individually, we

found that snowy plovers preferred nesting in the Eastern Shell Plot. Based on the Eastern Shell
Pl ot 6s area, if there was no preference for
approximate) 22 nests and actually observed 36 nests. Aghared test revealed that this

apparent preference is significant (df =37 11.15, p = 0.01).

At E6B, we observed 17 nests in the shelled areas and eight nests in the unshelléthareas (
5). A chi-squared test revealed that this indicates a strong preference for shelled areas on this
pond (df = 162 = 116.73, p < 0.00001).
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Table 1: Snowy plover nest fates at E14 and E6B, 2025.

el Total Found as
Hatched Depredated | Abandoned Flooded Unknown Unknown X X Total
Monitored Inactive
Cause
Pond | Nests Eggs | Nests Eggs | Nests Eggs | Nests Eggs | Nests Eggs | Nests Eggs | Nests Eggs | Nests Chicks| Nests Eggs
El4 73 205 6 14 1 3 1 2 2 4 6 17 89 256 10 18 99 274
E6B 11 29 12 35 1 3 0 0 0 0 1 3 25 73 1 2 26 75
Total 84 234 18 49 2 6 1 2 2 4 7 20 114 329 11 20 125 349
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Snowy Plover Movement

Project members tagged a total of 20 adults from 15 nests doer2§25 breeding season
(Table2). At E14, we tagged nine males and seven females from 11 Regie©), and at E6B
we tagged three males and one female from four néisisré 7). Metadata for each tagged
individual and a summary of its movements recorded by its tag can be fotuabl&2, and
Figures 827 provide heat maps diiese individualBmovements

The nuniber of detections for each bird varied greatly. Female ak:yb had the lowest number of
detections at 2,322. Male Ng:ko had the highest number of detections at 1,422,025. The average
number of detections for an individual was 176,744.

Project members obsed/some general trends in the movement data, which include:

1. Male and female incubation shifts were complicated. It is generally accepted that females
incubate during most of the day and males incubate most of the night (Warriner et al.
1986). While these geral trends held true, we observed that both adults spent a large
amount of timenearthe nest, regardless tfetime of day. This proximity may have
allowed them to interrupt their partner and incubate for short bursts (sometimes up to
seer al hours), even when it was not ftheir

2. After a nest hatched, males tended to lead their chicks to an area near water to forage. On
E14, this included along the borrow ditch or along a large channel that cuts through the
northeast corner of the pd. Often, this area was the same as where the male spent time
foragingbefore the nest hatched

3. Both males and females were often detected by the node nearest their nest site after their
chicks hatched.

4. During postbreeding dispersal, snowy ploversthvere detected additional Motus
towers in the Bay Area appeared to fly back and forth between ELER and other locations.
Even if they were detected at another location for an extended period of time, they would
still make short trips back to ELER

5. During pos-breeding dispersal, all snowy plovers detected by other Motus towers were
picked up within 50 miles of ELER, except for nn:pk, who was detected by Motus towers
in the Channel Islands on November 1, 2025
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Table 2: Summary of Motus TaggedSnowy Plovers

Band Date Nest Chicks Chicks . Number of
Combo SBX e DRV TEEEEE Hatched Banded Fledged LEE DRI Detections
Ng:ry M E1444 6/23/25 6/23/25 Yes Yes 8/4/25 11,658

Summary: Ng:ry was tagged the same day his chicks hatched, so there is no data for him durintpalbehgveriod. During the piftiedge
period, Ng:ry was detected with very high density near nodes 36, 24, and 38 in the northeast corner of E14 northesstafatiem

moderate density near the nest at node 17; and sparse to low density at three areas on the west side of E6B whelstédragingseat
(Figure 8). During the posfledge period, he continued to be detected with high to very high dandlity northeast corner of E14. Ng:ry wag
observed by SFBBO biologists with at least one chick on eight occasions near node 36, including four times on the lendeldetvwe
EBXN. At least one of the chicks, Ka:wk, was confirmed as fledged on 7/8sdevee. In addition to E14, there were numerous areas of
to sparse detections of Ng:ry in E6B in the western and central portions of the pond.

This bird has also been detected by Motus stations outside of ELER. Ng:ry pinged the Coyote Cr&tatigiel(CCFS) tower in Milpitas on
11/23 and 11/25, then was picked up by the Don Edwards San Francisco Bay National Wildlife Refuge (the Refuge) towdran N2i@ar
and 12/10. Throughout this period, he was also recorded by the ELER tower mntgse t

E1445 6/26/25 6/26/25 9/18/25

Summary: Ng:ko was tagged the same day that his nest hatched, so there is no data for him duririgptich pexiod. During the pifftiedge
period, Ng:ko was detected with high to very high density near nodes 24, 38, and 37 in the northeast corner of theegogh quredity
foraging habitat is present, and low to moderate density west of theseRigaas9). During the postledge period, Ng:ko continued to be
observed in the northeast corner of E14 near nodes 24, 38, and 37 with a high density ofdlétectias observed with fledged chick Ko:y
in this area on 7/30. There were also sparse detections of Ng:ko in the western end of E14 and in the stathefief8. He was observe(
atE4C on 9/9 and E3C on 9/16.

Ng:pg M E1463

Summary: Ng:pg was tagged the day after his nest hatched, so there is no data for him duringpétengoeriod. During the piftedge
period, Ng:pg was dected primarily atheeastern end of E14 witihhoderate to highetectiondensitynear node @ where high quality
foraging habitat is availd. This isapproximately 10 200 meters north of his nest locatidiigure 10). He was also occasionally detected i
the northern portion of E6B. Ng:pg was observed eleven times by SFBBO during-fleelgesperiodn the southeast corner BfL4, including

Ng:ko M Partial Yes 1,422,025

6/29/25 6/28/25 Yes Yes 9/1/25 125,729
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seven times on the levee between E14 and E8XN. He successfully fledged two chicks (Gk:ar and Rk:wb). Durirtetthgepostiod, he
continued to be detected with high density in the eastern portion of Bl4ade 36, but was also detected in E6B in the northern, central

southeast sections of the pond with sparse to low frequency.
Rk:wo F E1441 6/20/25 6/30/25 Yes No 9/18/25 17,016

Summary: During the prehatch period, Rk:wo had a high density of detections at or near the nest location in the southwest corner of
eastern shell ploFjgure 11). She was detected with sparse to low density along the borrow ditch in the northeast coeneornd thear node
14 and 35, presumably to roost or forage when not incubating, and with low density in the central ptiwtigrood. During the pesiatchto-
fledge period, she was observed with moderate to high density in the same area near mutl85 There was a sparsemberof detections
near nodes 37 and 3nd at the nest site. Direct observations of this bird showed that she stayed with the chick while the male renest
different femaleDuring banding, two out of three chicks from this nest unexpectedly died. This may be what led to the male abandon
remaining chick. The remaining chick, Rk:bk, has not been confirmed as fledged.

Rk:wo has also been detected outside of ELERfly pingingthe China Camp Kiosk Motus tower near San Rafael on 10/2. However, s
back in ELER by 10/5, and her tag has not pinged any towers since then.

Ka:kk M E1452 6/24/25 6/30/25 No Unknown 9/18/25 257,257

Summary: During the prehatch period, Ka:kk was detected with high density at the nest near node 32 and sparse to low density in th
adjacent to the nedfigure12). During the poshatchto-fledge period, Ka:kk was observed in the same areas with a dieniéhiof detection
density. Node 32 is along the northern borrow ditch and provides moderate quality foraging habitat. He was observdd whttoagic 7/24,
and detected in E13 on 8/2 using a sidekicknotiseenthrough a scope or binoculaBecause we did not band his brood, we cannot
determine whether he successfully fledged any chicks.

At night duringthe prehatch period, when hgasexpected to be incubating, Ka:kk was detected exclusively near the nest and node 32
very high densityRFigure 13). During theday, he wa observed with very high density near the nest and node 32; moderate density to th
southeast of the nest at node 56; and sparse to low density in the rest of the western and central portions of E14.
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Ka:kk has also been detected outside of ELER. He w&sgup by the Nap&onoma Marshes Wildlife Area (NSMWA) Motus tower on
10/3, and spent the majority of his time there from 10/3 to 11/21, making brief trips back to ELER or the Refuge (oml 10/8). &8ince

11/21, his tag has briefly pinged at bothHR and NSMWA.

ak:yb F E1452 6/27/25 6/30/25 No Unknown 9/18/25 2,322

Summary: During the prehatch period, ak:yb was detected with very high density at the nest location near node 32 in E14, and spars
density in the central portion of E14 near the nEgjufe 12). During the pet-hatchto-fledge period, she was detectedhwiery high density
at the nest site and sparse to low density in thealgrartions of the pondast of the nest. Ofi13,she was observed by SFBBO with her
brood on tle levee between E14 and Edi8playing aggression towards a nearby unbdrmleod. However, by 7/18 she appeared to have
abandoned the broodsthe male Ka:kk, was observedith thechicks by SFBBO, but ak:yb was not. Her low number of detections overg
indicate that her transmitter may not have been functioning propertause we did not band H®pod, we cannot determine whetlsbe
successfully fledged any chicks.

During theday befae the nest hatchedhen shavasexpected to be incubating, ak:yb was detected with very high density near the nest
node 32, and sparse to low density east and southeast of the nest near nodes Bigure 58) (At nightduring the prehatch period, when

shewasexpected to foraging or roosting, she was detected with very high density near the nest at node 32; moderate depsitgrinftheed
pond near node®, 34, and 56; and sparse to low density southwest of the nest at node 16 and in the eastern side of the pond at ddde

Ko:yw M E6B-14 6/28/25 6/30/25 No Unknown 8/15/25 21,564

Summary: During the prehatch period, Ko:yw was detected with very high density near the nest at nodes 46 and 50; high density to t
southwest of the nest; moderate density to the west, southeast, and along the northern borrow ditch; and sparse yarahedesisier and
southwest corner of E6B and east side of EEigufe 14). During the poshatch to fledge period, he was detected with high to very high
density in the central portion of E6B near nodes 2, 4, 7, 22, and 45 where high quality foragingshaiesant; moderate density in the
eastern end of E6B, where high quality foraging habitat is also present; and low to sparse density in most of thepast @xtept along
the northerrand southern marginSFBBO observed Ko:yw twicetaf hatch, including once on 7/5, when he was confirmed with the fem
and one young chick in the interior of the pond; on 7/10, he was obsdavedcallingnear the levee before flying back towards the interio
the pond. Because we did not bdmslbrood, we cannot determine whether he successfully fledged any chicks.

Gk:pw F E1465 6/25/25 7/1/25 Yes Yes 7/19/25 2,490
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Summary: During the prehatch period, Gk:pw was detected with high to very high density near the nest at nodes 11, 34, and 56, with
detections in the western portion of EFglre 15). During the poshatch period, she was detected with high to very higisitiein the same
location as male nn:pk and brood in the northern central portion of E14 where moderate quality foraging habitat isqBB&eobserved
Gk:pw with the male and broadd this areaon 7/5, but she was not observed3®BBO againHer chick, Ng:bk, has been confirmed as
fledged.There are no detections for Gk:pw after 7/19/25, botteer snowy plovebiologist observed her in Point Reyes on 7/29 and 11/24
Her low number of detections overall indicate that her transmitter may not have been functioning properly.

During theday before the negtatchedwhen shavasexpected to be incubating, Gk:pw was detected with very high density northwest of
nest at nodes 6 and 32; moderate density near the nest at node 34 and northeast of the nestadagdarse to low density east of the ne
at node 11 and at the west end of E14 near nodei@iré 16). At night before the nest hatchedhen shavas expected to foraging or
roosting, she was detected witkry high density near the nest at node 34; high density west of the nest at node 56; modéyatastenisthe
nest at node 1Bnd low density in the west side of the pond near nodes 16 and 32. These detections provide further evidence that he
transnitter may not have been functioning properly, due to both the low number of detections and the fact that she did rospppéar t
significant amount of time incubatirtyiring the dagme.

nn:pk M E1465 6/26/25 7/1/25 Yes Yes 9/18/25 226,550

Summary: During the prehatch period, nn:pk was detected with moderate to high density near the nest location in the central area of
was also detected with low density throughout the western and northeastern areas of thigyeridb). The density of dections throughout
E14 during this time indicate that he may have sgfehajority of his time on this pond before the nest hatcBenling the poshatchto-
fledge period, he was detected with high to very high density along the northern central pd&fidmefr nodes 6 and 32. Howe\&fBBO
observed hinon 7/23 and 7/24 outside of the node grid with two chickET# One of these chicks, Ng:bk, was observed by SFBBO as
fledged in the E13 saltwks on 8/4, indicating that the brood may h&wveshed fledgingn E13.

At night before the nest hatchedhen havasexpected to be incubating, nn:pk was detected with very high density northeast of the nes
nodes 10 amh 14 along the borrow ditch where moderate quality foraging habitat is present; moderate to high density near theeng4t at
and in the northeast corner of E14 near nodes 24, 35, 37, and 38; and sparse to low density west and northwest of tielpes, 6, and
32 and in the southeast corne=d# (Figure 16). During theday, when hewas expected to be foraging and roosting, he was observed with
very high density west of the nest near node 56; moderasityleear the nest and north of the nest near nodes 6, 10, and 34; and spars
density in the western side of E14 near nodes 16 and 32, east of the nest near nodes 11 athe ddrthadst corner of the pond near nodg
24, 37, and 38.
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This bird hasalso been detected outside of ELER. On 8/12, nn:pk pinged the Refuge tower once, then returned to ELER until 10/256. ]
gap in detections from 10/25 to 10/31; he was then detected in the Channel Islands, first by the East Anacapa Isladi@/8inemchtl/1,

then the Fletcher PealCatalina Island tower and BoulderSan Clemente Island tower on 11/1. There are no records for this bird after ]

Rk:ab F E1461 6/28/25 7/11/25 Partial Unknown 7/18/25 51,960

Summary: During the prehatch period, Rk:ab was observed with very high density at the nest location on the sigstefiE14, and low
density near two nodes to the west of the nestBitgie 17). During the poshatch to fledge period, she was olserwith low density at the
nest site and very high density along the borrow ditch near node 32 north of the nest site where moderate quality bdedgepgrasent.
SFBBO did not observe her durisgrveys poshatch

During thedaybefore the nest hatchegthen shavasexpected to be incubating, Rk:ab was detected with very high density near the nes
node 56; moderate density northwest of the nest near node 32; and low density west ohta neske 165jgure 18). During thenight,
when shavasexpected tdeforaging or roosting, she was detected with very high density near the nest at node 56; high density north
the nest nganode 32; and sparse to low density west and east of the nest near nodes 16, 21, and 34.

Gk:kr M E1461 6/28/25 7/11/25 Partial Unknown 9/18/25 104,827

Summary: During the prehatch period, Gk:kr was observed with very high density near the nest site in the western portion of E14, wi
areas of sparse to low density detection in the western area of the pond, including near node 32 along the northetchbweirere dioderatg
quality foraging habitat is preseritigure 17). During the poshatchto-fledge period, he was observed with low density at the nest site an
very high density along the borrow ditch north of the nest site near node 32. Gk:kr wasbbge3#BBO on 7/24 with one unbanded chicl
in the E13 saltworks north of node 32. During this observatierlew off a distance to forage and left the chick alone, but eventually retu
to brood. There were no detections of Gk:kr from 7/30 to 8/4 ar 86 to 8/20. SFBBO observed Gk:kr further north at the Oliver Brothe
North pond in Hayward Regional Shoreline on 7/3, 7/10, and 7/17. It is possible he was at this location again skgaqusthmehis
detections.

At night before the nest hatchadhen havasexpected to be incubating, Gk:kr was detected with very high density near the nest and nd
and low density west and northwest of the nest at nodes 16 aRy32(8). During theday, he was observed with very high density near
nest and node 56; high density northwest of the nest near node 32; moderate density west of the nest near node 16 vl dpasgtg in
the east side E14 near nodes 14 and 17.
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Gk:yo F E1469 6/29/25 7/11/25 Yes Unknown 8/23/25 76,898

Summary: During the prehatch period, Gk:yo was detected with moderate to very high density in the northeast corner of the pond ne
36, 17, 38, and 24 where high quality foraging habitat is present; moderate density near the nest and node 31; alwhspansiyon the

rest of the eastersnd southern portiaof E14 Figure19). During the poshatchto-fledge period, she was observed with very high densit)
the soutkastside of E14 along the remnant borrdiich where foraging habitat is sometimes present (and wiaiesmale vo:bkwas also

observed). She was observed with moderate to high density in the eastern portion of thacgalmhg the northern borrow ditch where hig
quality foraging habitat is presemnd low to sparse density in the central and western portions of E14. She was not observed by SFBE
the brood after the nest hatched.

During thedaybefore the nest hatchegthen shevasexpected to be incubating, Gk:yo was detected with high to very high density in the
northeast corner of the pond near nodes 17, 24, and 38 where high qualitygfbiemtat is present; moderate density near the nest at noc
and in the northeast corner of the E14 near nodes 36 and 37; and sparse to low density throughout the rest of tHeeddsfFaidea®0). At
night, when shevasexpected tdeforaging or roosting, she was detected with high to very high density in the northeast corner of the p
near nodes 24 and 38; moderate density irrdst side of the pond neades 17 and 3&nd sparse to low density throughout the rest of th
east side of E14 artdenorthwest, north, and east sides of E6B.

Gk:og M E1472 712125 7/15/25

Summary: During the prehatch period, Gk:og was observed with very high density near the nest site at node 34, and sparse density
northeast corner of the pond aatne location in the southwest corner of E6R)(re21). During the poshatch to fledge periqgdhe was
observed with very high density near the nest site, moderate density northeast of the nest at node 10, and sparsiytalongdens
northern borrow ditch in theortheast corner of E14, eastern side of E6B, and southwest corner of E&BD 8bBerved Gk:og with female
Ka:wr and three young chicks on 7/18, however none of them have been observed since, so it is unknown whether arksdfddgethic

Partial Unknown 368, 375 368,375

At night before the nest hatchedhen haewvas expected to be incubatinGk:og was detected exclusively near the nest and node 34 with v
high density Figure22). Duringthe day he was observed with very high density near the nest and node 34; moderate density to the nc
of the nest at rate 10, in the northeast corner of E14 near nodes 24 and 38, and in the southwest and southeast corners of E6B near
and 18, all of which provide high quality foraging habitat; and sparse to low density directly west of the nest, arasirsiddeéthe pond
where high quality foraging habitat is present.

E1457 712125

ng:ka F 7/15/25 Yes Unknown 9/17/25 533,978
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Summary: During the prehatch period, ng:ka was observed with high density at the nest site, moderate density directly northeast of t
the corner of E14 and southwest corner of E6B, where high quality foraging habitat is present in both areas; aadssfyaitsedghout the
east side of E14+gure23). During the poshatt-to-fledge period, she was not observed at the nest location, but was observed with m
to very high density at the northeast corner of E14 near nodes 37 and 38 where higlfogagiitg habitat is preser@nd sparse density in th
southeast corner of E6B. SFBBO observed ntyiee during the poghatchto-fledge period, including on 7/23 and 7/24. Both times she W
located near node 37 and with chick Gk:yw. Both the unbam@del and other two chicks from the brood were nowhere to be found. No ¢

from this nest are known to have fledged.
vo:bk M E1469 713125 7/11/25 Yes Unknown 8/10/25 4,974

Summary: During the prehatch period, vo:bk was detected with moderate to very high density at the nest site; low density in two areg
central and western parts of E14; and sparsely throughout much of the eastern portion of thigyei®). He was alsobserved in E6B,
with sparse detections in both the southwest and eastern portiongpohthéDuring the podtatchto-fledge period, he was observed with
very high density in the sowhst side oE14 along the remnant bomoditch where foraging habitat is sometimes present, moderate dens
northeast of this area, and sparse to low density throughoutta# efst side and a portioncaintralE14. SFBBO observed vo:bk onceeaf
hatch on 7/20 near node 28 the east side of E14 with one chick (Gk:gw). No chicks from this nest are known to have fledged.

During thenight before the nest hatchaghen havasexpected to be incubating, vo:bk was detected with very high densittheaagst and
nodes 11 and 31; moderate density west of the nest near node 34; and sparse to low density in the central area ddrthegem8iand 56
and in the eastern side of the pond near nodes 17, 35, aRiy&2 20). During theday, when hevasexpected to be foraging or roosting, he
was observed with very high density near the nest and node 31; moderate density north of the nest near nodearid iaritieldentral areg
of E14 near node 32, which bgthovide moderate quality foraging habitat; and sparse to low density throughout much of the east side
and the southwest and east sides of E6B, which would also provide some foraging habitat.

Ka:wr F E1472 717125 7/15/25 Partial Unknown 4 555 4,555

Summary: During the prehatch period, Ka:wr was observed with very high density near the nest site at node 34, low density at nodes
surrounding the nest in E14, and in the southern end of E6B where high quality foraging habitat is present; and sparsthdeosibteast

corner of E14Figure21). During the poshatch to fledge period, she was observed with very high density at the nest site; high density
southeast corner of E6B near node 18 where high quality foraging habitat is present; modetpiat delsis surrounding the nest, includir
10, 11, 56, and 32nost of whichprovide moderate quality foraging habitat; and sparse to low density in the northeast corner of E14 ar
southern end of E6B where high quality foraging habitat is preSEBBO observed Ka:wr with male Gk:og and three young chicks on 7
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however none of them have been observed since.

Duringtheday before the nest hatchathen shavasexpected to be incubating, Ka:wr was detected with very high densityheeaest and
node 36; high density to the northeast of the nest near node 10, where some moderate quality foraging habitat is ppegseti@iav
density throughout the central and northern areas of Egdré 22). During thenight, when shavas expected tdeforaging or roosting, she
was detected with very high density near the nest and node 34; moderate density directly east and west ahthe tlestsouthern portion
of E6B where high quality foraging habitatpresent; and sparse to low density in the northeastern corner of E14, southwest corner of
nodes 55, 3, and 5, and northwest corner of E6B where good quality foraging habitat is present.

This bird has also been detected outside of ELER. Kdewrffom ELER to the Refuge on 10/3, and persisted there until 10/9, when she
to Bolinas, pinging the Wolfback Ridge tower near Sausalito, the Richardson Bay Audubon Center tower northwest of Tdlbheolaatin
Griffin Preserve tower near Bolinas the way. She has not pinged any towers since 10/9, but was observed by a biologist in Point Re
11/24.

Ka:yo M E6B-20 7/19/25 7/8/25 Yes No 9/18/25 12,965

Summary: Ka:yo was tagged the day after his nest hatched, so he does not have any data ftratich periodDuring the prefledge period,
Ka:yo was detected with very high density near nodes 8 and 30 in the northeast corner of E6B where high qualityafoitagisgplesent;
high density west of these areas and along the southeast corner of the pond; moderate density in the center of tHenptiteanatthern
borrow ditch; and low to sparse density in other areas of the center and southeast ctivagrsraf Figure 24). During the posfledge period,
he was detected with very high density near nodes 8 and 30 in the northeast corner of E6B; high density west of tihesieaadensity
further west and in the southeast corner of the pond; antbleparse density in the southeast corner and center of the pond. SFBBO ob
Ka:yo once after hatch on 7/10. His chicks were notesl at that time, and he didtrtisplay any behavior that would indicate that he wa
guarding chicks; it is likely tht the brood was depredated within two days of hatch.

Ko:rw M E14-89 7/11/25 7/24/25 Yes Unknown 9/18/25 276,047

Summary: During the prehatch period, Ko:rw was detected with very high density at node 56 near the nest in the west side of E14; i
density west and northwest of the nest at nodes 16 and 32, of which node 32 is near moderate quality foraging hasisalyandhspeast
side of E14 where high quality foraging habitat is predeigu¢e 25). During the poshatchto-fledge period, he was observed with very hig
density northwest of the nest near node 32 where moderate quality foraging habitat is joregeiné dorrow ditch; moderate density at nog
16 and 56 near the nest; and low density in the northwest corner of the pond at node 27 where moderate quality foahgsry dsdit
adjacent to a public trail. SFBBO did not observe Ko:rw after hatch.
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_ Depredated

Gk:ok F E6B-22 7/14/25 2/15/25 N/A N/A 9/18/25 7,286

Summary: During the predepredation period, Gk:ok was detected with very high density at one location near the nest in the northeas
of E6B, and low to moderate density in the rest of the northeastern corner of th&igarel2g). During the postlepredatin period, she was
observed with very high density near node 55 in the southwest corner of E6B where high quality foraging habitat is quesate;dansity a|
adjacent nodes 3 and 15 aP@ andsparse to low density in the southeast corner and-gerttral area of E6Band one area in the eastern e
of E14. SFBBO observed Gk:ok once after the nest was depredated; she was acting suspicious and possibly atteregtéu EGBzon 7/19
Depredated
E6B-21 7117125 2/20/25 N/A N/A 9/13/25 6,409
Summary: During the predepredation perigdNg:ap was detected with very high density east of the nest near node 54; high density so
of the nest, northeast of the nest, and in the northwest corner of E6B; moderate to low density throughout most 6H6B;ragtdsparse
density in theeastside and central area of EIHidure27). During the postlepredation period, he was observed with moderate to very hig
density in the southwest corner of E6B where high quality foraging habitat is available, as well as in the northwestefrE68near node
26; and with sparse to low density in the southeast and eastern side of the pond. SFBBO observed Ndfeptoacest depdationon 7/21
near the nest.

Ng:ap M
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OTHER OBJECTIVES

Habitat Enhancement (Objective 1)

Another objective of this projegtas to enhance ten hectaodsnowy plover and least tern
habitat in ELER. Project members accomplished this through a variety of methods including
spreading oyster shells, stomping in the mud to create depressidngconnecting historical
channels to increase wat@w.

0 Oyster shells SFBBO conducted a study from 262012 which confirmed that snowy
plovers preferentially nest on pond bottoms that have been sparsely covered with oyster
shells (Donehower et al. 28). The apparent reason for this preference is that the shells
increase the visual complexity of the pond and provide camouflage for plovers at all life
stages. Since then, SFBBO has added large areas of oyster shells to E14 in a successful
effort to incease nesting at this pond. Least terns also appear to be attracted to the shell
enhancement, as the majority of tern nests monitored at ELER are located in shelled
areas.

0 Mudstomps: Snowy plovers nest in scrapes, or small, shallow depressions that breeding

pairs create by scraping at the ground with their feet. However, if the landscape already

presents a suitably shaped depression, such as a footprint created by researchers while

walking on a pond, the pair may use that as the base of their scrapeelathd v 200006 s .

project member Carleton Eyster began to ho

volunteers would walk across plover habitat before the breeding season began and leave
behind lots of footprints, which pairs would then lay eggs in. These evertshwayv

added benefit of bringing volunteers into plover conservation and allowing them to

interact with plover habitat up close. SFBBO also regularly uses this technique at their

habitat enhancement events.

Water flow: The salt ponds in ELER were createdhirtidal marsh that consisted of a

network of interconnected slough channels. Once the ponds were diked and drained,

some ponds were internally graded to subdivide them or change the elevation to improve
water circulation for salt production. Many of thesdbdivisions have since degraded, but
strips of higher elevation fill prevent some remnant slough channels from connecting to
each other. The invertebrates that snowy plovers forage on mostly occur in shallow
water, or on the surface of saturated mud, nmggiie best foraging habitat is located in

wet areas. However, most breeding ponds are very dry, making it hard for chicks to find

foraging habitat. In these situations, broods are often forced to the edges of a pond along

the borrow ditch and levees, whican increase negative outcomes for broods by
increasing interbrood aggression, which past monitoring by SFBBO has found to cause
chick mortality (Pearl et al. 2016). It also may allow predators to more efficiently target
foraging plovers, especially bvds, and reduce plovers' ability to detect approaching
predators due to a constrained viewshed. In addition, broods foraging along the pond
margins are more likely to end up on top of levees where they face threats from vehicles.

Digging out the strips dill that prevent channels from connecting is an effective way to

O«
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create wetter foraging areas, enhance habitat for broods across wide swathes of a pond,
and decrease the negative interactions described above.

As was previously described in the Interim Begor this project, SFBBO held a habitat
enhancement event on March 9, 2024 during which 31 volunteers spread approximately 3,300
pounds of shells over 2.4 hectares. On March 8 and March 11, 2025, project members and seven
volunteers participated in aifd mudstomp and node installation event. While we distributed

nodes evenly across E14 and E6B, we covered approximately 5.2 hectares of soft pond substrate
with footprints(Table4).

Project members determined that creating more foraging habitat on E14 was adnith p

following the 2025 breeding season, when record numbers of broods at the site were forced into
close proximity along the edges of the pond and onto levees due to limited foraging habitat. On
October 11, 2025, project members and three voluntegra dbhannel through approximately 45
cubic feet of fill on E14Table4). This strip of fill prevented a spur of remnant slough channel

in the northeast corner of the pond from connecting to the rest of the channel in the interior of the
pond. Once water from the ribern borrow ditch flows across the east side of the pond to the
southern borrow ditch, this reconnected channel will create approximately one hectare of
additional foraging habitat in E14. It will also enhance the overall quality of breeding habitat in
the entire eastern half of the pond, an area of approximately 12.2 hectares. By creating more
foraging habitat in the most productive area of the pond, the density of broods foraging at any
one foraging areaM be reduced, which may in turn reduce thiitstof predators to hunt

chicks. In addition, broods would have easier access to foraging habitat and would not need to
travel long distances across the pond, which may also reduce chick mortality when they are
recently hatched and most vulnerable.

Lead Tern Breeding Summary (Objective 4)

California least terns have bred at ELER since 2017. In 2025, SFBBO biologists conducted least
tern surveys in order to document vital colony metrics relevant to the Recovery Plan, including
the number of adults, fletiggs, and chicks observed, as well as locating and monitoring nests.
Staff also estimated the number of fledglings produced by the colony. Staff surveyed by driving
slowly on adjacent levees and observing the colony through spotting scopes and binoculars.
Least tern nests were identified by scanning for incubating adults and observing mate
provisioning behavior. SFBBO staff entered the colony once per week to locate and check nests,
float eggs, mark nests with numbered chick shelters, and record newaagisiris with Field

Maps. Nests were monitored weekly until the fate of the nest could be determined. On each nest
visit, the nest status was documented. When there were no longer eggs in the nest, a fate was
assigned based on observed evidence, includitched, probable hatch, failed, or unknown.

Least terns were first observed at ELER on April 22, 2025. From April 22 to May 20, SFBBO
biologists conducted weekly least tern surveys at ponds E12, E13, E14, and E6B concurrently
with snowy plover surveys. Deated least tern surveys began on May 27 ancégdrgquency
increased to twicgveekly. These surveys continued through September 9. A maximum high
count of 26 least terns was observed on July 15, 2025.
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SFBBO biologists monitored 18 least tern nestdutting 14 nests on E1#&igure4), three nests

on E6B Figureb), and one nest on E12. Of these 18 nests, seven were confirmed as hatched
(39% hatch rate), five were classified as probable hatches (67% hatch rate), five nests failed, and
the fate of one st could not be determined. Thesultsin a hatch rate of 39% when only
consideringconfirmed hatched nestslowever, he hatch rate increased to 67% when probable
hatches were included. SFBBO estimates that ELER produced between 20 and 21 fledglings in
2025.

Theabove metrics represent a successful year for least terns at ELER. Although breeding effort
was modest compared to previous years, with 18 nests representing the third fewest confirmed
nests in this colony, hatching success was much higher compareditmgrgears. From 2017

to 2024, SFBBO monitored 471 least tern nests, only 63 of which were confirmed to hatch. An
additional 29 nests were classified as probable hatches. That means that over this time period, the
|l east tern col ony bmtewas enlty 23§opif polmiold hatcheseare indiuded,c

the hatch rate improves to 20%. In light of this, a 39% confirmed hatch rate and a 67% probable
hatch rate is notable. This also mirrors the high apparent hatch rate observed for snowy plovers

at ELERthis year.

Even more notable is how many least tern chicks fledged in 2025. It is difficult to estimate fledge
counts at ELER because the area receives many foraging and roosting fledges that originate from
the Hayward Shoreline colony approximately 2 I6rieters north. However, SFBBO is

confident that our reported fledges came from ELER because we observed chicks at every age
class throughout the season. From 2018 to 2024, SFBBO estimates that ELER has only produced
between 20 and 30 fledges, meaning thgiist one year, the colony produced nearly as many
fledges as it has for the past seven. SFBBO does not know what led to the colony being so much
more successful this year, but a preliminary report from the Hayward Shoreline colony suggests
that they ado had an extremely productive year (D. Riensche, pers. comm.). Therefore, this
success may be part of a larger trérdeast terns in 2025

The least tern Recovery Plan states that in order for the species to be delisted, there must be 20
secure colonies that are each capablupporting 20 breeding pairs with &y&ar reproductive

mean of 1.0 chick fledged per pair (USFWS 1985). Given the historical statistics listed above,
the least tern colony at ELER has never qualified as a secure colony. This year is the closest it
hascome with 18 pairs and more tha® chick fledged per pair. However, this level of success
would need to be maintained for another four yeargh®icolony to be considered secure

Tern Watch Volunteer Program (Objective 6)

Since 2018, SFBBO has enlisted volunteers to assist with monitoring the least tern colony at
ELER as part of our Tern Watch program. Recruitment for the 2025 Tern Watch began in late
March. Throughout April, staff interviewed prospective volunteers, tbhsteld an online

training session and two field training sessions. During the online session, volunteers were
introduced to least tern biology, the history of the ELER colony, and their volunteer duties.
During the field trainings, volunteers familiarizégeiselves with scopes and tripods, navigated
through ELER, and identified least terns in the field. Once all trainings were completed,
volunteers began signing up for survey shifts.
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Volunteers used similar techniques to staff surveys, but were only pttutsurvey from a

select number of points due to access restrictions. Because of high snowy plover breeding
activity at ELER, staff directed volunteers to three different vantage points from which the least
tern colony could be seen, but that would nstutb nesting snowy plovers. Volunteers were
instructed to survey from each point for a minimum of 30 minutes and record their data in an
online form.

The 2024 Tern Watch consisted of 14 volunteers who monitored the least tern colony for a
combined 98 has (Table4). The 2025 Tern Watch consisted of 11 volunteers who monitored
the least tern cohy for a combined total of @8urs(Table4). Staff used this supplemental data
to help assemble the timelines of nests and confirm whether certain nests were still active on
ceriain days. The Tern Watch volunteers were a particularly crucial aspect of the monitoring
program in 2025 for their role in alerting SFBBO staff to the continued presence of a red fox
family denning near the least tern colony. One volunteer who had beéamydonELER early in

the morning to bird and take photographs before the least tern season started, informed staff
during a field training session that he had seen the fox family repeatedly over the last several
weeks. At this point, SFBBO staff had not pbserved the foxes, so we passed this valuable
information on to USDA i mmediately. The volun
subsequent observations from volunteers and staff prompted USDA to conduct a special
operation to remove the foxeggpite not having dedicated funding for ELER in 2025.

Predator Impacts on Snowy Plovers and Least Terns (Objective 5)

In order to assess predator impacts on snowy plovers and least terns in ELER, SFBBO conducted
avian predator surveys in conjunction wittosry plover surveys. We defined avian predators as

any species that could potentially prey on snowy plover nests, chicks, or adults, which includes
most raptors, gulls, corvids, herons, and egrets-&en predators and their sign were recorded
opportunstically, but these surveys were not designed to detect these species, particularly since
many mammals are nocturnal. Throughout each snowy plover survey, observers would
simultaneously scan for avian predators. We recorded the number, species, hahitatdypne
when each predator was observed and entered t
Maps. In addition, observers documented any predator nests in the area and their fates when
possible. We calculated the average number of predatorsyetdgesr survey at each pond

during the seasom éble3).

The most numerous predators at E14 were unidentified gualtsgsp.; 5.18/survey, 6
observations) followed by northern harrie@&r€us hudsoniusl.54/survey, 40 observations).
Despite their higlaverage per survey, unidentified gulls were observed infrequently at E14, and
most of these gulls were recorded during a single incident of a large flock flying south over the
pond. Northern harriers were consistently observed during predator surveyseraratimarily

seen hunting over vegetated areas along the levees.

At E6B, the most numerous predators were California guslsug californicus 33.89/survey, 15
observations), followed by unidentified gulls (14.79/survey, 3 observations). Gulls at E6B were
primarily observed during July through September, when large flocks were seen roosting on the
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dry areas of the pond and feeding in the w&anwy egretsEgretta thulg and great egrets
(Ardea albag were also commonly observed hunting in the inundated areas of E6B.

In order to confirm which species were responsible for select depredation events, we placed
camera traps on eight different nesix at E14 and two at E6B. These cameras captured two
depredations by common rave@ofvus cora¥, both at E6B. All nests with cameras at E14
hatched. These results are consistent with the overall depredation trends at E14 and E6B in 2025.
Out of 89 moitored nests at 4, only six were depredated). Conversely, at E6B, 12 out of

25 monitored nests were depredated (48%). Project members are unsure what caused such a
strong disparity in nest fates between these two sites. There was not a stroagaifie

common raven abundance between either site. According to previous camera trap data gathered
predominantly at E14, common ravens are the most common confirmed snowyngsiver

predator. Out of 94nowy plover nest depredations caught oneranbetween 2009 and 2025,
common ravens accounted for 65 of those depredations, or 69% (SFBBO, unpublished data).
Therefore, it is unsurprising that common ravens were responsible for the two confirmed
depredations on E6B, but it is unknown why they weredepredating snowy plover nests at the
same rate on E14. Furthermore, the confirmed hatch rate for least terns at 39% is the second
highest SFBBO has ever recorded, indicating that least terns at ELER also benefitted from
unusually low predator activitiis year.

Another unusual aspect to the low predation rate at E14 was the prolonged presence of a red fox
family directly adjacent to the pond. USDA was not programmatically removing predators from
ELER in 2025, so the f oxaeopegatioa that dictnatadcur fore mo v a |
several months after the initial observations. During that time, volunteers and staff repeatedly
saw the female and kits on the | evees around
red fox depredating ten snowyopkr nests at E14, and although researchers were not permitted

to place camera traps on least tern nests at that time, they assumed that the red fox was
responsible for depredating many of the tern nests on E14 that year as well (Pearl et al, 2018).
Giventhis history, it is surprising that this group of foxes did not appear to be a significant threat

to snowy plovers and least terns at E14 in 2025. Through conversations with USDA, project
members learned that there was an increase in reports of mangesrafa coyotes this year
(USDA, pers. comm. ) . Per haps tsrowyplovearanteasnt s f o
ternnests, although the animals appeared healthy whenever observed.
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Table 3: Average number of predators observed per survey at E14 and E6B, 2025.

Common Name Scientific Name E14 (28} | E6B (28)
American crow Corvus brachyrhyncho 0.00 0.39
Bonaparte's gull Chroicocephalus 0.00 0.04
philadelphia
California gull Larus californicus 0.18 33.89
Cooper's hawk Astur cooperii 0.04 0.00
Common raven Corvus corax 0.82 0.71
Coyote Canis latrans 0.11 0.25
Great blue heron Ardea herodias 0.07 0.14
Great egret Ardea alba 0.50 2.68
Unidentified gull Larusspp. 5.18 14.79
Merlin Falco columbarius 0.04 0.04
Northern harrier Circus hudsonius 154 0.39
Peregrine falcon Falco peregrinus 0.07 0.11
Red fox Vulpes vulpes 0.04 0.00
Redtailed hawk Buteo jamaicensis 0.00 0.04
Snowy egret Egretta thula 0.11 4.04
Sharpshinned hawk | Accipiter striatus 0.00 0.04
White-tailed kite Elanus leucurus 0.11 0.00

! Designates the number of surveys performed.
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Landowner and Land Manager Communication (Objective 7)

Throughout the breeding season, project members communicated weekly with CDFW about
where least tern and snowy plover nests and broods were located. This allowed CDFW to
appropriately manage water lévén ponds across ELER, avoid levees where broods were
present, and monitor the level of breeding activity from week to week. USDA could not perform
regular control at ELER this year, so project members only reported high priority predators like
the red bxes on E14.

DiscussIoN

Node Grid Performance and Feasibility

Motus is a powerful technology that has many applications in wildlife ecology and management.
Project members first became interested in using tracking technology on snowy plovers in 2019
afterlearning about a snowy plover GR&jging project while attending a workshop in Ceuta,

Mexi co. However, to the proj ectodegdiobpoves 6 know
research at this tim&€DFW had already installed a Motus tower at ELER in 2021 andevgs
interested in the node technology when project members approached them with a study design.
Both CDFW and the project members understood that this was an exploratory project that would
generate valuable information about how Motus technology antbtte grid performed in a

snowy plover research context. Now, after having completed the study, project members can
speak to the successes and challenges of the technology and share lessons learned with potential
future researchers.

The first key takeawaysithat a node grid is very labor intensive to maintain. Following
installation, project members had to visit each node individually multiple times to change
settings and troubleshoot issues, which took a lot of time considering our grid covered
approximatéy 450 acres and some nodes were only accessible by kayak. Therefore, we
recommend taking node accessibility and grid size into account when choosing a project
location.

Second, project members learned that Matuspatible tags do not perform optimally evh

placed on species that spend a lot of their time on the ground, and as a result, the node grid
performance was suboptimal. When a radio signal hits the ground, a large percentage of it is
absorbed by the earth and the remaining signal that succe$sfutiges back into the air is

greatly reduced in strength (Ruedabe et al 2024). Since plovers spend so much time on the
ground, their tags6é signal strength was great
our nodes 200 meters apart, based omateeage signal strength of each ping received from our
deployed tags, we would have needed to space our nodes closer to 50 meters apart for successful
multilateration. As such, instead of being able to report exact locations for each bird, project
membergould only report where a snoyjover was within a roughly 8fheter radius around a
node. The diminished tag detection distance a
given triangle of nodes, where a tagged plover may have been roostingrag hastvas not
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detected because it was too far away from each node. This makes it much harder to draw
conclusions about what an individual was doing at any given time.

Conversely, we noticed that tags appeared to transmit better when the bird was ewrdikelst
because signals reflect better off of water than earth. Future research should take these
limitations into consideration and design projects so that they either do not require precise
location data, are in very wet areas, or are in small enaxggts that setting nodes 50 meters
apart is not cost prohibitive.

Third, we learned that not every tag or node functioned perfectly. The number of pings received
from each tag ranged from 2,322 to 1,422,025. While much of this variation can be explained by
individuals spending prolonged periods of time in dead zones or outside of the node grid, looking

at the raw data, it appears as though some tags were having trouble transmitting regularly, even
when a bird appeared to be in full range of a node. Weotlknow the exact reason for this, but
suspect that differences in a tagodés ability t
chose a small Flex Tab style for the tags in order to magimierall weight but that may have

alomeds nowy pl overd6s back feathers to more easil
eight node batteries stopped holding a charge overnight by the end of the season (five within the
first five months of deployment), and two node micro SD cards hadrepkeced within the

first month of deployment.

Overall, however, the project members feel that this was a valuable study and the data generated
from the node grid could not have been collected any other way. Future node and tag
deployments adjusted fordake limitations will yield improved results.

Snowy Plover Breeding Success

This was a highly productive year for snowy plovers at ELER due to the large number of nests

and unprecedented hatch rate at E14. gBased on
hatch rate for a pond with more than 50 nests is only 47%, making the 82% hatch rate at E14 this
year an extreme outlier. It is unclear what may have I¢gidcelevated hatch rat®nsidering

the predator concerns discussed above. Whateveatise may be, it seems unlikely that snowy

plovers will experience such high hatching success at this pond in the future, as past monitoring

by SFBBO has found that predators key in on areas of high nesting density.

Compared to the 82% hatch rate atEbhdet pondds 25% fl edge rate is
slightly below average. Across the South Bay, SFBBO has recorded a slightly depressed fledge
rate for 2025. Based on previous years, the average South Bay fledge rate is 31%; this year the
current appardrfledge rate is 28%. Although the final rate may increase slightly as band

sightings from various researchers and birders are reported over the winter, SFBBO still expects
this to be a lower than average year for fledging.

Although the exact cause of thasver fledge rate is unknown, project members noticed that

chicks seemed to be fledging very slowly in 2025. The expected fledge date for a snowy plover
chick is 28 days posgtatch (Warriner et al 1986), but project members observed four broods in

ELER that were still associating with an adult male and not attempting to fly after itiay28

mark, includingone3d ay ol d fAchicko still attempting to
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E14 than normal, itsipossible that chicks experienced increased conguetdr food resources,
or increased aggression from neighboring adults due to closer brood proximities. In the past,
SFBBO has observed that chicks appear to fledge more slowly when foraging habitat is
extremely limited, including in 2021 when three chiokan area that was completely dry were
not fledged until 35 days pekatch (Pearl et al. 2022). Something similar may have happened
this year at ELER.

Snowy Plover Movement

This study confirmed some snowy plover behavior and habitat use that SFBRp@hadisly
observed through monitoring. Motus detections showed that during tiajote period, when
snowy plover adults were not incubating or near the nest, they spent a large amount of time in
the areas closest to water within E14, which provide ifegst quality foraging habitat. This

was primarily at the eastern end of the pond but also included various locations along the
northern borrow ditch. This is consistent with our field observations of snowy plover adults
being concentrated in these ardasting the poshatchto-fledge period, we found that adults

led broods to these same areas, and most often led them to the closest suitable foraging areas.
The data also confirmed that adults breeding in E14 occasionally foraged in E6B, even during
the psthatchto-fledgeperiod when adults were attending to broods. This phenomenon has
been previously observed by SFBBO at ELER and elsewhere in the South Bay, when chicks
were observed foraging alone ftime before a male eventually retathto the area to watch

over them.

This studyalsoallowed project members to track snowy plovers within the node grid at night,
which uncoveredhteresting observationgVe found that the timing of male and female
incubation shifts was variable fromyd# day, and often occurred at unexpected times based on
the literature. For example, at nest EI2 we observed male Gk:og begin his incubation shift at
times ranging from 2:06 p.m. to 6:14 p.m, well before sunset.

Management Recommendations

This stug indicated that foraging habitat is very important for both adults and broods. Adults
spent a large amount of time in areas that provide high quality foraging habitat, including outside
of the pond where their nest was located on a-sequilar basis. Omcnests hatched, adults

typically led broods to the nearest foraging area along the margins of the pond where water was
present. Some adults did take their broods considerable distances, sudkoabdded his

brood over 500 metets the northeastern cornef the ponddespite the northern borrow ditch

being located approximately Hetersnorth of the nestHigure5). Due to the unprecedented

number of nests that hatched at E14 in 2025, this led to a large number of broods competing for
limited foraging habitatand may have resulted in inbeood aggression that impacted chick
survival, as has been previously observed by SFBBO in this pond (Pearl et al. 2016). In addition,
because broods were concentrated in certain areas, predators were likely able to more easil
depredate chicks. As such, providing more foraging habitat throughout E14 should bereahsi

a priority to redice intebrood aggression and reduce the ability of predators to focus their

hunting in concentrated foraging areas. This can be accompbghedonnecting remnant
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slough channels that are present in the pond to the borrow ditch, as we did dulnizigjtite
enhancemergventin October In order to be successful, efforts to reconnect these sloughs must
consider the elevation of the borrow ditches,mant slough channels, and suitable nesting
habitat so that foraging habitat can be provided throughout the year without risk of flooding out
active nests.

Project members also strongly recommend that additional Motus towers be installed in Santa
Clara andsan Mateo County and in northern Alameda County. Marin County contains
reasonable Motus tower coverage, but the large dead zones along the Peninsula and in the East
Bay make it hard to track snowy plover dispersal to areas where they are known to agcur. Th
project members suggest that if CDFW were to sponsor additional towers, installing towers at
Albany Mudflats Ecological Reserve (ER), Bair Island ER, Redwood Shores ER, and San Bruno
Mountain ER would most effectively reduce the dead zones within thé&ay This expanded
coverage may also allow researchers to track how often snowy plovers are flying from one side
of the Bay to the other.

In addition to expanding Motus efforts, there are many other management actions landowners
can take to support snoypjovers and least terns in the Bay. SFBBO is committed to continuing

to expand the shelled areas on multiple ponds, but especially on E6B. In 2023, the least tern
colony expanded onto the shell plots on this pond. Hopefaltyeasing the amount of shells

will also increase the amount of least tern nesting and allow them to form a larger colony they
can defend more easily. We also recommend increasing funding for predator control across the
Bay Area, but especially witiblocatiorEdiisdéture, USDAOG s
which results in coverage gaps, like what occurred in 2025. Although predation pressure
appeared low this season, project members feel it is important to at minimum have the ability to
remove specific problem individuals, like tfuxes at E14. Lastly, invasive plant species are
encroaching onto the ponds in ELER and degrading nesting habitat. Hand pulling is not feasible
at scale and inundating ponds for the winter in an attempt to smother vegetation, removes winter
foraging habithand potentially allows plants to grow back more easily in the spring. Finding

new methods of vegetation managementd¢babe deployed at the pond scale would help

ensure that ELER continues to provide high quality breeding habitat.

Future Research

This project provided interesting insights into snowy plover breeding behavior at ELER and was

a useful exploration into Motus technology and how it can be used in snowy plover research.

Given the limitations we discovered, we now know how to better dégigre projects that

maxi mize the technologydés potential. These pr
projects that do not require knowing the exact location of a tagged individual, and projects that
involve shrinking the node grid so exact looatcan be calculated.

Research questions that do not require exact location data would simplify data interpretation and
allow the nodes to continue being used in their current configuration with only minor
modifications. One project that fits into thisegbry could be investigating how long it takes a
female to renest after her current nest is no longer active. The project associated with this grant
occurred too late in the season for us to observe any femalestreg. Howeveltby beginning
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totag earlierin he season, project members could track
breeding period and investigate how many nests she initiates, if the time between initiations

changes based on whether the previous nest succeeded or failed, and how likety sty is

with her chicks after they hatch. This would be possible to observe from the Motus data even if

the exact location of each nest is never discovered. During this project, we observed that

incubating birds displayed a density of detections aroumgésode that was not replicated by

foraging birds or adults with broods. Learning this would allow researchers to make better
estimates of the number of breeding adults in
throughout the season, andiitiinate plover behavior following a nest failure.

Research questions that involve shrinking the node grid size would ideally eliminate the presence
of dead zones between nodes and allow for multilateration of exact locations. One project that

fits into this category could be examining how close males stick to their chicks. Project members
observed at least one male leaving his chicks for significant periods of time and foraging on a
different pond. CTT makes tags that are small enough they can be ataeheeshly hatched

chick without exceeding 3% of the chickds bod
the chick molted into its flight feathers, but while it was still a chick, project members would be

able to track its exact locationandcompa it t o their siblingsd and
allow researchers to investigate whether there were differengesmig versugxperienced

ma | e 6 srearn bhebakiors, understand how closely chicks associate with each other at

different ageclasses, and identify the exact moments of any depredations.

In addition to further Motus research, there are many other questions regarding snowy plovers
and least terns that deserve investigation. More thorough predator surveys that generated
estimate®f their population sizes would allow researchers to model the preatatpdynamics
acting on snowy plover and least tern populations more accurately. Another important topic is
determining how snowy plover nesting density has changed over time asathiat in the Bay
Area has shrunk and whether there are any associated effects relating to nest success.
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Figure 1: Vicinity Map
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Figure 2: Node Locations on Pond E14
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Figure 3: Node Locations on Pond E6B
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Figure 4: Pond E14 Oyster Shell Plots an@nowy Plover and Least Tern Nest Locations
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Figure 5: Pond E6B Oyster Shell Plots and Snowy Plover and Least Tern Nest Locations
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Figure 6: Nest Locations of MotusTagged Adults on Pond E14
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Figure 7: Nest Locations of MotusTagged Adults on Pond E6B
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Figure 8: Male Ng:ry Detections During Pre and PostFledge Periods
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Figure 9: Male Ng:ko Detections During the Pre and PostFledge Periods
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Figure 10: Male Ng:pg Detections During the Preand PostFledge Periods
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Figure 11: Female Rk:wo Detections Dumg the PreHatch and PostHatch-to-Fledge Periods
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Figure 12 Male Ka:kk and Female ak:yb Detections During the PreHatch and PostHatch-To-Fledge Periods
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Figure 13: Male Ka:kk and Female ak:yb Detections Prior to Hatch During Civil Sunset to Sunrise and Civil @nrise to Sunset
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Figure 14: Male Ko:yw Detections During the PreHatch and PostHatch-to-FledgePeriods
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Figure 15: Male nn:pk and Female Gk:pw Detections During the PreHatch and PostHatch-to-Fledge Periods
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Figure 16: Male nn:pk and Female Gk:pw Detections Prior to Hatch DuringCivil Sunset to Sunrise and Civil Sunrise to
Sunset
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Figure 17: Male Gk:kr and Female Rk:ab Detections During the PreHatch and PostHatch-to-Fledge Periods
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Figure 18: Male Gk:kr and Female Rg:ab Detections Prior to Hatch During Civl Sunset to Sunrise and Civil Sunrise to
Sunset
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Figure 19: Male vo:bk and Female Gk:yo Detections During the Prédatch and PostHatch-to-Fledge Periods
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Figure 20: Male vo:bk and Female Gk:yo Detection®rior to Hatch During Civil Sunsetto Sunrise and Civil Sunrise to Sunset
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Figure 21: Male Gk:og and Female Kawr Detections During the PreHatch and PostHatch-to-Fledge Periods
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Figure 22: Male Gk:og and Female Ka:wr Detections Prior to Hatch During Civil Sunsetto Sunrise and Civil Sunrise to
Sunset
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