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Presenter Notes
Presentation Notes
USGS is a science agency within the Department of the Interior.�USGS has neither management nor policy authority.�Our mission is to deliver open and unbiased science.��Within USGS our team �develops methods to monitor Pacific walrus populations �and �delivers findings to support the Department of Interior and �Native Alaskans for their management of the Pacific walrus.��Here, I will present on recently developed methods to monitor Pacific walruses using satellite imagery.
�In addition to scientists from the USGS Alaska Science Center, �our team includes Megan Ferguson from the Biodiversity Research Institute who is well known for her Arctic marine mammal aerial survey work and who is contributing statistical expertise to our studies.�
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Marine Mammal Protection Act 

requires

- minimum population size

- regional seasonal distribution

- site-specific monitoring for managers

Enacted 
by 92nd Congress

Signed into law 1972
by President Nixon

Presenter Notes
Presentation Notes
In the United States, �the conservation and protection of the Pacific walrus are �governed by the Marine Mammal Protection Act.
�This Federal law requires �estimates of the minimum population size, �an understanding of regional distribution and �site-specific monitoring for management.
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Human dimension

Chukotka

Alaska

Presenter Notes
Presentation Notes
The Pacific walrus is central to the �cultural identity and food security of �five linguistically distinct cultures across the Bering Strait.��Not only does this human dimension require that science be conducted that is �relevant to sustaining these social systems but also �that the science be done in a manner that minimizes disturbance to the resource and its users.
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Pacific walrus range

SummerWinter
Key

Deep Waters

Continental 
shelf

Jay et al. 2014.  PLoS One 
https://doi.org/10.1371/journal.pone.0093035

Jay et al. 2010. Marine Ecology Progress Series 
https://doi.org/10.3354/meps08575

Beatty et al. 2016. Biological Conservation 
https://doi.org/10.1016/j.biocon.2016.08.035

Fischbach et al. 2016. Haulout Database
https://doi.org/10.5066/F7RX994P

Presenter Notes
Presentation Notes
The Pacific walrus comprises a single panmictic stock that �occupies continental shelf waters of the Pacific Arctic, �spanning sectors of the United States and Russian Federation.��Here you see the generalized winter range.
[Click animation]�In spring, females and young follow the sea ice retreat into the Chukchi Sea�where they occupy specific regions, 
while most males remain in the Bering Sea.��In the absence of sea ice, walruses �gather in large herds on shore at habitually used locations, commonly known as ‘haulouts’
… visible here as red dots along the Russian and Alaskan coast.��
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Agency 
Sources: 

Commercial
Sources:

Sources for Satellite Monitoring

Presenter Notes
Presentation Notes
When walruses gather in large herds on shore,�   they can be monitored by satellite imagery.��USGS obtains satellite imagery through �five American and European agencies and �six commercial missions.
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Outline

- Herd Occurrence and Area
- Herd Abundance from Density Data
- MMPA Stock Assessment Report Nmin

- Improving Abundance Precision

Photo E. Powers / USGS

Presenter Notes
Presentation Notes
�In this talk, I will follow an outline.��I will present both recent findings 
and briefly touch on ongoing research.
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Outline

- Herd Occurrence and Area
- Herd Abundance from Density Data
- MMPA Stock Assessment Report Nmin

- Improving Abundance Precision

Photo E. Powers / USGS

Presenter Notes
Presentation Notes
Let’s start by seeing what we can see from above.
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What 
can 
we see
from
above?

Drone
Survey
Imagery

Photo A. Fischbach / USGS

Presenter Notes
Presentation Notes
Before we could interpret satellite imagery,�we needed imagery of walrus herds collected from above.
 
USGS collects aerial imagery using small uncrewed aerial systems, remotely piloted without disturbing walrues.  �We have collected these imagery in cooperation with local Alaska Native wildlife authorities, �   and in the past�by collaborating with Russian partners.��Here you see a herd extending along some 700 m of Chukchi Sea coast.
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What 
can 
we see
from
orbit?

Drone
Survey
Imagery

Optical
Satellite
Imagery

Method Paper:
Fischbach & Douglas 2021 
https://doi.org/10.3390/rs13214266

Presenter Notes
Presentation Notes
Here you see the same herd �_concurrently_ imaged from orbit 
   using an optical sensor onboard a satellite.��USGS developed methods to delineate the herd outlines from both aerial and satellite imagery and quantify the area that the herds occupied.��Optical sensors can effectively ‘see’ walrus herds from orbit, �…if there are no clouds.
�Unfortunately… there are clouds most of the time.
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What 
can 
we see
from
orbit?

Drone
Survey
Imagery

RADAR
Satellite
Imagery

Method Paper:
Fischbach & Douglas 2021 
https://doi.org/10.3390/rs13214266

Presenter Notes
Presentation Notes
Fortunately,�radar pulses can “see” through clouds.��Radar pulse backscatter can be formed into an image through a process known as “Synthetic Aperture RADAR”.
�In these RADAR images, �walrus herds contrast with their environment because they reflect radar pulses very differently from the surrounding beach sand and gravel.



Marine Mammal Commission 2025 Sept 9

Where 
have we 
looked
from
orbit?

Presenter Notes
Presentation Notes
For this talk, 
we used both optical and radar imagery to monitor
 eight haulout locations across the Chukchi sea 
where large walrus herds have formed on shore in recent decades.



Marine Mammal Commission 2025 Sept 9

Data:
Fischbach & Douglas 2022.(v. 5.0)
https://doi.org/10.5066/P9CSM0KN
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Presenter Notes
Presentation Notes
Outlines we drew around the herds
  allowed us to build a chronology of herd occurrence and area.��Here you see satellite monitoring data from a single site during a single season.��Each X indicates times when we had a clear view from orbit but no walrus herds apparent.�Each blue point indicates times when walrus herds were apparent on shore and the area they occupied.��These data have been provided in near-real time to managers to address disturbance concerns� and are openly available through a USGS data release.�
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Outline

- Herd Occurrence and Area
- Herd Abundance from Density Data
- MMPA Stock Assessment Report Nmin

- Improving Abundance Precision

Photo E. Powers / USGS

Presenter Notes
Presentation Notes
While herd occurrence and area are useful information, 
  it is important that we also estimate herd abundance.
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Herd Abundance
~ herd area * herd density

Herd Density Data from
Drone Surveys: 

Altukhov, et al. 2024. 
https://www.ebi.ac.uk/biostudies/

studies/S- BSST1263

Fischbach et al. 2021.
https://doi.org/10.5066/P959H1EH

Presenter Notes
Presentation Notes
We can estimate herd abundance as �the product of herd area 
    (interpreted from satellite imagery) 
and herd density.
�We obtain herd density data from drone surveys �which have been collected at seven sites across the Chukchi Sea in both the US and Russia with USGS and Fish and Wildlife Service funding.��The yellow dots in the picture indicate walruses �counted in randomly selected grid cells �across these drone survey images.
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Mean Herd Density 
Varies between sites and surveys

50 Walruses / 100 m2 100 Walruses / 100 m2

Example Grid Cell Images

Presenter Notes
Presentation Notes
Observed walrus herd densities �expressed as the number of walruses in �10-meter by 10-meter grid cells �ranged from 10 to 150.��Although the overall mean was close to 80, �densities were variable within and between study sites.
 
Because not all haulouts that we monitored with satellite imagery had drone survey data, �we required a hierarchical, Bayesian model to predict herd density at sites with and without drone survey data.
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Herd Density Results

Preliminary Data Not for Dissemination or Citation

Fischbach, Taylor & Douglas
2025 Wildlife Society Bulletin

(In Press)

Presenter Notes
Presentation Notes
In this graph, the predicted herd density at select haulouts� with and without drone survey data �is represented by the breadth of the colored bars
and the dot in the middle is the mean predicted herd density.��We found less herd density variation among herds observed at Serdtse-Kamen [shown in orange].��There was more variation at Point Lay [shown in green] �   and �even more at Vankarem [shown in blue].��There is even greater variation at a new site� because there are no survey data for the ‘new site’ [shown in gray].�
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Fischbach, Taylor & Douglas
2025 Wildlife Society Bulletin (In Press)

Presenter Notes
Presentation Notes
Here you see herd abundance estimates -- for one study year --�derived from the predicted herd densities and satellite imagery data��In the graph, date is on the x-axis and walrus abundance is on the y-axis.��The predicted abundance estimate is shown with a small horizontal mark �and the statistical prediction interval (or uncertainty) is denoted by the breadth of the vertical bars.  Color coding matches to the sites circled on the map.
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Fischbach, Taylor & Douglas
2025 Wildlife Society Bulletin

(In Press)

Presenter Notes
Presentation Notes
We have monitored and summarized these data from for 8 study years: �2017 – 2024.��These day-to-day chronologies of haulout occupancy and abundance may be used by managers for local and maritime planning.
�We only detected herds at three of the eight study sites: �One in Alaska (Point Lay in Green), �and Two in Russia (Serdtse Kamen in orange and Vankarem in blue).
�Herd sizes could be as large as 184,000 walruses, which we observed at Serdtse Kamen in 2022.��In most years, herd abundance shifts from Point Lay (shown in green) to Serdtse Kamen (shown in orange).�This movement of walrusese to Serdtse Kamen is typical and is consistent with previous tracking studies. �From this, we understand that in most years all walruses in the Chukchi Sea gather at Serdtse Kamen prior to their winter migration south to the Bering Sea.
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Outline

- Herd Occurrence and Area
- Herd Abundance from Density Data
- MMPA Stock Assessment Report Nmin

- Improving Abundance Precision

Photo E. Powers / USGS

Presenter Notes
Presentation Notes
The Marine Mammal Protection Act requires managers to submit regular stock assessments.
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Low                    Medium                 High

MMPA Stock Assessment Report Nmin

Nmin is used to calculate 
Potential Biological Removal

Default method to calculate Nmin:

• Estimate total population
mean and CV 

• Apply formula based on
log normal distribution

• Take the 20th percentile

Presenter Notes
Presentation Notes
Stock assessments must report a minimum population size, which we call Nmin. �Nmin is used to calculate potential biological removal, which is very important. ��The default method to calculate Nmin is to estimate the mean and coefficient of variation of a total population size, �apply a formula based on the lognormal distribution, and �take the 20th percentile. ��In the picture, �if the population size mean is at the peak, �Nmin would be at the dashed red line.



Marine Mammal Commission 2025 Sept 9

Low                    Medium                 High

MMPA Stock Assessment Report Nmin

Other methods to calculate Nmin allowed if justifiable

• 2023 Stock Assessment 
used  20th percentile of 
posterior distribution of 
population size

• 2014 Stock Assessment
used mean of 
population size estimate

Presenter Notes
Presentation Notes
Other Nmin calculation methods are allowed,� if they are justified. �For example,�the 2023 Pacific walrus Stock Assessment Report used the 20th percentile of the population size posterior distribution, �while �the 2014 Stock Assessment Report used the mean population size estimate.
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Walrus Nmin has been calculated from total population 
size, but total population size estimates very difficult 
to obtain

MMPA Stock Assessment Report Nmin

If data for Nmin > 8 years old
it is considered out of date

Recent total population size estimates
1990 (aerial survey)
2006 (aerial survey)
2013–2017 (a mark-recapture estimate)

Presenter Notes
Presentation Notes
Only 3 total Pacific walrus population size estimates have been obtained over the past 35 years.
 
Agency guidance requires reexamination of Nmin if �the estimate data is more than 8 years old. 
�Thus, there is interest in methods to determine Nmin that may be more timely.
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MMPA Stock Assessment Report Nmin

2023 SAR Nmin

Presenter Notes
Presentation Notes
Because our herd abundance estimate of 184,000 walruses at Serdtse-Kamen 
approached the most recently reported Nmin, �we reasoned that satellite monitoring data might inform Nmin for stock assessment reports.��
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MMPA Stock Assessment Report Nmin

Nmin = 184,000 / 0.727  = 250,000

p(HO)max = max proportion 
out of water 
during a survey

Nmin = peak abundance / p(HO)max

Fischbach, Taylor & Douglas
2025 Wildlife Society Bulletin

(In Press)

Presenter Notes
Presentation Notes
We propose estimating the minimum population size �based on the peak herd abundance observed during an 8-year rolling window.
[Click animation]
To estimate Nmin, we need to account for walruses that were in the water unavailable to be detectable in satellite imagery.�To do this, we divided the peak “on shore abundance” observed by satellite�by the maximum proportion that may be out of the water.�[Click animation]
�The maximum proportion of walruses out of water at any one time�has been found similar across several published studies, �and the highest proportion, (close to three quarters), �was observed in data obtained at Serdtse Kamen.  �To be conservative, we used this highest value, �since this value produces the smallest Nmin estimate from the maximum observed herd size.�[Click animation]�Thus, we estimated the 2022 Nmin as 250,000 walruses.�
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MMPA Stock Assessment Report Nmin

Nmin = peak abundance / p(HO)max

2023 SAR Nmin

Fischbach, Taylor & Douglas
2025 Wildlife Society Bulletin

(In Press)

Presenter Notes
Presentation Notes
Nmin estimated using our satellite monitoring method is commensurate with the 2023 stock assessment’s Nmin estimate of 214,000 walruses.  ��The satellite imagery monitoring approach shown here for estimating Nmin is cost-effective and requires minimal logistical effort.�Therefore, it could be applied as an institutional monitoring tool.�
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Outline

- Herd Occurrence and Area
- Herd Abundance from Density Data
- MMPA Stock Assessment Report Nmin

- Improving Nmin estimate
- Herd Abundance from radar backscatter
- Telemetry Concurrent with Satellite Images

Photo E. Powers / USGS

Presenter Notes
Presentation Notes
If adopted, �our proposed strategy for estimating Nmin might be improved through precision improvements of the abundance estimates. ��Our current method for estimating herd abundance relies on drawing an outline around a herd and multiplying the outlined area by densities predicted from drone surveys. ��In our ongoing research, �we are examining patterns of radar backscatter from satellite imagery in relation to walrus counts from drone imagery to ascertain if correlations are strong enough to improve the precision of our abundance estimates.
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Can RADAR 
backscatter
improve abundance 
estimates?

Fischbach and Racenet.  2025 
https://doi.org/10.5066/P134RT9M

Herd Abundance Precision

Presenter Notes
Presentation Notes
Radar backscatter across a walrus herd appears to mimic walrus density.��In order to explore this, �we obtained support from multiple agencies and collaborated with the Point Lay walrus and wildlife commissioner, Robert Lisbourne,
to collect concurrent aerial survey imagery and satellite radar imagery. 
We then, counted walruses in 10 by 10 meter grid cells� overlain on the aerial survey images and �quantified the radar backscatter in the same cells.
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Can 
RADAR backscatter
improve
abundance 
estimates?

Herd Abundance Precision
Preliminary Data Not for Dissemination or Citation

m2

RADAR Backscatter

Presenter Notes
Presentation Notes
We are analyzing the relationship between intensity of radar backscatter in each cell �with the number of walruses counted in the cell. �
  We look forward to reporting on these results after collecting additional concurrent drone and radar imagery this year.
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Outline

- Herd Occurrence and Area
- Herd Abundance from Density Data
- MMPA Stock Assessment Report Nmin

- Improving Nmin estimate
- Herd Abundance from radar backscatter
- Telemetry Concurrent with Satellite Images

Photo E. Powers / USGS

Presenter Notes
Presentation Notes
Our proposed strategy for estimating Nmin relies on previously published telemetry data to estimate the maximum proportion of walruses that have ever been recorded out of water at the same time.
It would be better to estimate that proportion of walruses hauled out of water at Serdtse-Kamen during the same time that we image the haulout by satellite.
�
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Telemetry Concurrent with Surveys
Strategy:

+ Deploy tags in Alaska 
prior to migration

Deploy 
Tags

Satellite
Surveys

+ Monitor herd size with satellite images

+ Estimate abundance from 
herd size adjusted with 
haulout proportion from telemetry

Presenter Notes
Presentation Notes
USGS has awarded our group a study grant to �develop remotely deployed tracking tags with sufficient longevity to collect these data.�[Click for animation]��If additional funds are appropriated and made available, �we will deploy tags at Point Lay
[Click for animation]
and track them to Serdtse Kamen.�We will then �[Click for animation]�estimate the size of the regional population using Serdtse Kamen by using a combination of satellite radar imagery and the tracking telemetry data.��This data collection and analysis strategy is similar to what we have previously applied for regional abundance studies, where we used aerial imagery combined with telemetry.��We anticipate that this strategy will deliver improved precision relative to previous abundance estimation methods while requiring substantially less logistical efforts.�
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Telemetry Concurrent with Surveys

Fischbach et al. (2022) 
Regional abundance
https://doi.org/10.1002/jwmg.22256

improved precision:

5-years sampling for
Mark-Recapture 2

improved precision: 

Speckman et al. (2011) 
Population abundance
https://doi.org/10.3354/meps14131

Beatty et al. (2022) 
Population abundance
https://doi.org/10.3354/meps14131

1 2

Presenter Notes
Presentation Notes
Each of three recent Pacific walrus abundance estimates improved-on precision relative to previous methods.��Here you see how precision improved �from the 2006 total population size aerial survey [shown in blue]�to the 2013-2017 genetic mark recapture population size estimate of calves, juveniles and adult females [shown in tan]�to the two regional population size estimates that combined telemetry with drone imagery [shown in red].�Because using imagery combined with telemetry has delivered tight confidence bounds, we anticipate that this strategy will also improve abundance precision when applied with satellite imagery.
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Thank you

Photo A. Fischbach / USGS

This material will be available in
Fischbach, Taylor & Douglas
Wildlife Society Bulletin
(In Press)

Presenter Notes
Presentation Notes
You can read about this work in the forthcoming issue of the Wildlife Society Bulletin.
�We would love to discuss our ongoing research with you, �and hope you will ask us about it. 
�We appreciate for your time and attention.
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Potential Biological Removal

“the maximum number of animals, not 
including natural mortalities, that may be 
removed from a marine mammal stock while 
allowing that stock to reach or maintain its 
optimum sustainable population.”

PBR= N_min×1/2 r_max×F_r
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