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Abundance estimation using distance sampling

The Northeast Fisheries Science Center (NEFSC) Protected Species Branch (PSB) started
conducting line-transect abundance surveys in 1990. Since then, NEFSC/PSB conducted
about 23 shipboard and 16 aerial line-transect surveys (Table 1). The surveyed covered
waters from South Carolina to Nova Scotia, where the aerial surveys were over waters closer
to shore (less than the 2000 m isobath) and the shipboard surveys were either in the Gulf of
Maine/Scotian Shelf or in the deeper offshore waters (greater than the 100 m isobaths to the
EEZ or beyond to the Gulf Stream). Up until 2010, nearly all of the surveys were in the
summer (June — August), which is the best weather time to cover the most track lines and see
the most numbers of groups of a wide variety of species. Since 2010, survey effort has been
expanded to also cover non-summer months.

Surveys for abundance estimates: These surveys targeted all marine mammals and sea
turtles and a few large fish — ocean sunfish and basking sharks. Most of the abundance
surveys followed a two team protocol to estimate g(0), the probability of detecting a group on
the track line, where aerial surveys used either the two team procedure (Palka 2012%) or the
circle-back procedure (Palka 2006), and the ships used a two-team procedure. Analytical
methods involved mark-recapture distance sampling, specifically the mark-recapture direct
duplicate method (Palka 1996a) and circle-back method in earlier years and the two-team
mark-recapture distance sampling (MRDS) point independence method more recently. These
surveys have resulted in abundance estimates for 18 stocks (Palka 2012).

Currently, the 2010 — 2014 shipboard and aerial survey data are being analyzed by a
combination of MRDS with point independence and habitat spatial modeling that also
account for availability bias to result in seasonal spatially-explicit models. These models are
built using both a Bayesian hierarchical and generalized additive model framework.

Other goals: In addition to deriving abundance estimates, data collected on these surveys
have been used in other research projects, such as:

e improving the line transect methodology (Palka and Hammond 2001; Palka and Pollard
1999; Pollard et al. 2002)

e determining factors influencing abundance estimates (Palka 1995; Palka 1996b; Palka
2005; Palka and Smith 2005)

e describing marine mammal distributions relative to the biotic and abiotic environment
(Hamazaki 2002; Waring et al. 1993; Waring et al. 2001; 1996 canyon survey; 2002 Bear
Seamount survey,),

e describing marine mammal distributions during non-summer months (1996 and 1997

surveys conducted during the spring in the mid-Atlantic; AMAPPS aerial surveys

conducted since 2010),

focusing on sperm whale dive patterns (Palka et al. 2007)

focusing on beaked whale acoustics and dive patterns (the 2014 summer survey)

focusing on sei whale or beaked whale acoustics (2015 summer survey)

incorporating into ecosystem models (Link 2008a, b).

A complete list of abundance/distribution related papers is in Appendix 1.

! References in bold are core background documents
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Future work: The seasonal spatially-explicit modeled data have a great potential for future
investigations. The projects planned for the near future include:

e investigating trends over years and seasons
e overlaying abundance distributions with distributions of potential/actual threats
e investigating changes in distribution and abundance as related to environmental changes

In the slightly longer term, the plans are to use these data to inform ecosystem models, such
as those being developed by the NEFSC EcoAp program and to predict future distribution
patterns under changing environments and risk profiles.

Reviews: Over the years, the abundance data have been reviewed in various forums. For
example, in 1992 the initial 1991 survey data and analytical methods were extensively
reviewed during a two-day meeting hosted by the NEFSC where abundance estimation
experts were invited. Over the years, the abundance papers have also been reviewed during
International Whaling Commission Scientific Committee meetings, focused review meetings,
and by a variety of abundance estimation experts. Since the development of the MMPA
Scientific Review Groups (SRGs), the Atlantic SRG has also reviewed the estimation
methods and estimated abundance estimates that are reported in the Stock Assessment
Reports. The Stock Assessment Reports have also been vetted by the public, who has
provided comments on the abundance estimates. There was a recent focused reviews held on
26 February 2015, which was a webinar with 22 participants reviewing the Bayesian
Hierarchical and Generalized Additive modeling methods currently being developed.
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Table 1. Summary of abundance/distribution shipboard or aerial surveys conducted by the

Northeast Fisheries Science Center’s Protected Species Branch staff.

Year Season | Platform | Name Track line Area Analysis
length(km) method*/Reference
1990 Aug ship Chapman 2067 Cape Hatteras, 1, NMFS 1990
NC to Southern
New England,
north wall of Gulf
Stream
1991 Jul-Aug ship Abel-J 1962 Gulf of Maine, 2, Palka 1995
lower Bay of
Fundy, southern
Scotian shelf
1991 Aug ship Sneak 640 inshore bays of | 1, Palka 1995
Attack Maine
1991 Aug- planes AT-11 and 9663 Cape Hatteras, 1, NMFS 1991
Sep Twin Otter NC to Nova
Scotia,
continental shelf
and shelf edge
waters
1991 Jun-Jul ship Chapman 4032 Cape Hatteras, 1, Waring et al 1992;
NC to Georges | Waring 1998
Bank, between
200 and 2000m
isobaths
1992 Jul-Sep ship Abel-J 3710 Gulf of Maine, 2, Smith et al 1993
lower Bay of
Fundy, southern
Scotian shelf
1993 Jun-Jul ship Delaware 1874 S. edge of 1, NMFS 1993
1 Georges Bank to
SE edge of the
Scotian Shelf
1993 Aug Ship Abel-J 2249 Gulf of Maine, 2
lower Bay of
Fundy, southern
Scotian shelf
1994 Aug- ship Relentless 534 shelf edge and 1, NMFS 1994
Sep slope waters of
Georges Bank
1995 Jul-Sep | shipsand | Abel-J, 32,600 Virginia to mouth | 2, 1, Palka 1996
plane Pelican, of Gulf of St.
NOAA Lawrence
Twin Otter
1996 June Ship Abel-J 712 Shelf-edge from | 2
Veatch Canyon to
Cosair Canyon
1997 March Ship Delaware 1930 New York to 1
North Carolina
1997 Aug- Ship Abel-J 1450 New England 2
Sep seamounts
1998 March Ship Delaware 2566 New York to 1
North Carolina
1998 Jul-Sep | shipand | Abel-J and 15,900 Maryland to 2,1
plane NOAA Scotian Shelf; to
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Twin Otter Gulf Stream
Year Season | Platform | Name Track line Area Reference
length
1999 Jul-Aug | shipand | Abel-J and 6123 New York to 2,3
plane NOAA mouth of Gulf
Twin Otter of St. Lawrence
2002 Jul-Aug Ship Delaware 806 Southern 1
Georges Bank to
Bear Seamount
2002 Jul-Aug plane NOAA 7465 Georges Bank to | 3, Palka 2006
Twin Otter Maine
2004 Jun- shipand | Endeavor 10,761 Maryland to 2, 3, Palka 2006
Aug plane and Bay of Fundy
NOAA
Twin Otter
2006 Aug plane NOAA 10,676 Georges Bank to | 3
Twin Otter Bay of Fundy
2007 Aug shipand | Bigelow 8,195 Georges Bankto | 2,3
plane and Twin Bay of Fundy
Otter
2008 Aug plane NOAA 6,267 New York to 3
Twin Otter Maine, US
waters
2010 Aug- plane Twin Otter 9,210 New Jerseyto | 3
Sep Nova Scotia
2011 Jan- plane NOAA 5,850 New Jerseyto | 3,5
Mar Twin Otter Nova Scotia
2011 Jun- ship Bigelow 3,107 Virginia to 4,5, Palka 2012
Aug Massachusetts
2011 Aug plane NOAA 5,313 New York to 4,5, Palka 2012
Twin Otter Bay of Fundy
2012 Mar- plane NOAA 6,806 New Jerseyto | 4,5
Apr Twin Otter Nova Scotia
2012 Oct- plane NOAA 7,134 New Jerseyto | 4,5
Nov Twin Otter Nova Scotia
2013 Jul-Aug ship Bigelow 5021 North Carolina | 4,5
to
Massachusetts
on shelf break
2014 Feb- plane NOAA 4905 New Jerseyto | 4,5
Mar Twin Otter Nova Scotia
2014 Mar- ship Gordon 4014 North Carolina | 4,5
Apr Gunter to
Massachusetts
on shelf break
2014 Jul ship Bigelow 740 Southern flank | 4,5
of Georges
Bank on shelf
break
2014- Dec- plane NOAA New Jerseyto | 4,5
2015 Jan Twin Otter Nova Scotia

*1 = single team Distance analysis methods
2 = two team direct duplicate analysis method
3 = two team circle-back analysis method
4 = two team MRDS point independent analysis method
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5 = habitat modeling (either Bayesian hierarchical or Generalized Additive model)



