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BACKGROUND

Section 117 of the Marine Mammal Protection Act (MMPA) requires the National Marine
Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service to prepare annual stock
assessment reports (SARs) for marine mammal stocks that occur in U.S. waters. SARs are required
to contain information on stock definition and geographic range, population size, potential
biological removal level (PBR; see definition below), estimates of annual human-caused mortality
and serious injury by source (e.g., U.S. commercial fisheries, recreational fisheries, research takes,
ship strikes, shootings), habitat issues affecting a stock, and the status of the stock (strategic or
non-strategic). A stock, or population stock, is defined by the MMPA as "a group of marine
mammals of the same species or smaller taxa in a common spatial arrangement that interbreed
when mature." For practical purposes, a stock is a management unit identifying a demographically
independent biological population (NMFS 2016). PBR, as defined by the MMPA, is "...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.” At-risk stocks are designated as “strategic”, defined by the MMPA as "a marine
mammal stock: A) for which the level of direct human-caused mortality and serious injury exceeds
the PBR; B) based on the best available scientific information, is declining and is likely to be listed
as a threatened species under the Endangered Species Act (ESA)...within the foreseeable future;
or C) which is listed as a threatened species or endangered species under the ESA or is designated
as depleted under the MMPA". For each stock, a PBR is calculated and compared to the estimate
of annual human-caused mortalities and serious injuries for that stock. If mortalities and serious
injuries exceed PBR, a stock is considered "strategic" and management actions may be triggered
(e.g., take reduction teams); therefore, it is important to have an estimate of annual human-caused
mortality and serious injury for each stock, and to identify the sources of mortality and serious
injury that are impacting each stock.

The common bottlenose dolphin (Tursiops truncatus truncatus, hereafter referred to as
bottlenose dolphin(s) or dolphin(s)), occurs in estuarine, coastal, continental shelf, and oceanic
waters of the western North Atlantic (WNA) and Gulf of Mexico (GMx). In the WNA, distinct
morphological forms have been identified: a larger, more robust “offshore” morphotype occurring
in deep waters of the continental shelf and slope from Florida's east coast to Canada, and a smaller
“coastal” morphotype present in estuarine, coastal, and shelf waters from Florida to approximately
Long Island, New York (Mead and Potter 1995; Torres et al. 2003; Rosel et al. 2009; Hayes et al.
2017). The offshore morphotype is considered a single separate stock (Offshore Stock). The
coastal morphotype, however, comprises at least 11 bay, sound, and estuary (BSE) stocks in WNA
waters from Florida through Virginia, and five coastal stocks that abut the BSE stocks (Hayes et
al. 2017) (Figures 1-3). Many of the BSE stocks also occur in nearby coastal waters resulting in
spatio-temporal overlap with coastal migratory stocks (e.g., Speakman et al. 2010; Hayes et al.
2017; Balmer et al. 2018; Lyssikatos and Garrison 2018). Additionally, spatio-temporal overlap
occurs between different coastal migratory stocks in the WNA (e.g., Hayes et al. 2017; Lyssikatos
and Garrison 2018). In the northern GMx (i.e., U.S. GMXx), the coastal morphotype comprises at
least 31 BSE stocks from Texas through Florida's west coast and three coastal stocks that abut the
BSE stocks. As described for the WNA, there is known spatio-temporal overlap in distribution
between some stocks in BSE and coastal waters (e.g., Balmer et al. 2016; Hayes et al. 2017; Mullin
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et al. 2017; Wells et al. 2017). As more research is conducted and results become available,
revisions to stock structure and/or stock boundaries will likely be necessary.

As mentioned above, each SAR contains information about annual human-caused mortality
and serious injury by source. Region-wide and systematic data (e.g., observer coverage) to
determine the magnitude and extent of injuries and mortalities of dolphins due to fishery
interactions in U.S. estuarine and coastal waters are lacking for most fisheries. Exceptions include
federal observer coverage of coastal gillnet fisheries in the mid-Atlantic (Lyssikatos and Garrison
2018), south Atlantic (Mathers et al. 2017), and portions of the Gulf of Mexico (Mathers et al.
2016), and state observer coverage of estuarine gillnets in North Carolina (McConnaughey et al.
2019). In addition, there is federal observer coverage of the shrimp otter trawl fishery in the U.S.
Gulf of Mexico and southern U.S. Atlantic (e.g., Scott-Denton et al. 2012; Soldevilla et al. 2015),
and federal observer coverage of the reef fish bottom longline and vertical line fisheries in the U.S.
Gulf of Mexico (Scott-Denton et al. 2011). However, the levels of observer coverage in these
fisheries are often not sufficient to detect statistically rare bycatch events (Lyssikatos and Garrison
2018). Due to this fact and the absence of systematic observer coverage throughout WNA and
GMx fisheries, counts of stranded dolphins provide minimum rates of fishery interactions and
baseline information on the spatial extent of interactions (Friedlaender et al. 2001; Byrd et al.
2008; Byrd and Hohn 2010; Byrd et al. 2014). Stranding data are also helpful for detecting real-
time increases in fishery interaction occurrences and detecting trends that may be used to guide
management efforts (Byrd et al. 2008).

In order for stranding data to be incorporated into the appropriate SARs for human-caused
mortality and serious injury discussion, each dolphin stranding must be assigned to the stock of
origin or to one or more potential stocks of origin (due to spatiotemporal overlap of stocks and the
uncertainty of assigning an animal in an area of overlap to one stock, a stranding could be assigned
to more than one stock). Details of how this is performed annually are given in the Methods
section. For the WNA from North Carolina to the north, we follow the methods for assigning
observed takes to stock outlined in Lyssikatos and Garrison (2018) to assigning stranded animals
to stock. Observed takes (through an observer program), fisherman self-reported takes (through
the Marine Mammal Authorization Program), and opportunistic at-sea observations by NOAA and
non-NOAA researchers, marine patrol, and private citizens, are also assigned to stock. Some of
the observed or self-reported takes are also included within the stranding data. Regardless, for all
cases of documented takes or at-sea observations, the same methods used for strandings are
followed for assigning animals to stock. The documented takes and at-sea observations are also
incorporated into SARs and Serious Injury Determination Reports as described below for stranded
cases. The methods outlined here will be updated as new information on stock structure, stock
boundaries, and/or stranding data become available.

METHODS

Assigning Dolphin Strandings to Stock

The NMFS oversees and authorizes the Marine Mammal Health and Stranding Response
Program (MMHSRP), a national program to coordinate emergency responses to injured, sick,
distressed, entangled, and dead marine mammals. Stranding networks, including local, state, or
federal agencies, provide data to the MMHSRP via a Level A stranding data report form. The
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MMHSRP data are managed by the NMFS on a regional basis. For the development of SARs,
Level A stranding data (e.g., species, geographic coordinates, sex, length, human interaction
category) are requested annually from the Greater Atlantic (Maine to Virginia) and Southeast
(North Carolina to Texas) Regional Marine Mammal Stranding Programs to include all strandings
of all species occurring during the preceding five years. This five-year time period coincides with
the time period covered by the next annual SAR cycle (i.e., each SAR generally covers a five-year
period). The request occurs after the data have been through a quality assurance and quality control
check by the stranding programs, which typically takes six months after the end of a given calendar
year. For example, the stranding data for 2013-2017 would be provided around June 2018.

Initially, the stranding data received from the regional programs are reviewed and all
bottlenose dolphin strandings are sorted and placed in a separate spreadsheet for further review
and eventual stock assignment. Data from the first four years of the dataset are checked against
the previous five-year dataset to detect any new records that were entered late by stranding
responders and, therefore, not included in previous SARs. Generally, only the most recent year's
stranding data plus any strandings from the preceding four years that were entered late need to be
assigned to stock. However, in the event of changes to stock boundaries that result from recently
published studies and/or new data, all strandings or strandings from an area of boundary change
for the entire five years are reviewed and re-assigned to stock.

Using ArcGIS mapping software, stranding locations are plotted over a basemap of the United
States (NOS80K.shp?) and over polygons that represent the current best known boundaries of each
dolphin stock as defined in the SARs. For BSE stocks, these polygons were created on a gross
level to intentionally encompass internal rivers and creeks that do not necessarily represent a given
stock’s distribution, but would capture any out of habitat occurrence of an animal into the
headwaters of a particular estuarine system (e.g., Figure 1). As such, these polygons cross over
land and should not be interpreted as exact stock boundaries in contrast to polygons for coastal
stocks. The ArcGIS tool, Spatial Join, is used to initially assign strandings to stock polygons. In
general, strandings that plot within the stock polygon for a given stock are assigned to that stock.
Several steps are taken before and after this process to ensure accuracy of the stock assignment,
including accounting for spatio-temporally overlapping stocks.

Steps to verify accuracy of stranding locations:

1. Coordinates of strandings are reviewed to ensure they are in the correct format (decimal
degrees [34.3599] as opposed to decimal minutes tenths [34° 35.99°] or decimal minutes
seconds [34° 34’ 59”]) and that all longitudes are negative (west).

2. Plotted strandings are assigned state-specific symbology (different colors and/or symbol
shapes) to visually detect abnormalities. This process allows for the rapid detection of
strandings that have incorrect coordinates. During this process, locations are also reviewed

! National Oceanic and Atmospheric, National Ocean Service (NOS), Office of Coast Survey. 1994.
NOS80K/ALLUS80K: Medium Resolution Digital Vector U.S. Shoreline shapefile Long Island Sound GIS project
area: NOAA/NOS/ORCA/SEA, Silver Spring, MD. https://pubs.usgs.gov/of/2004/1003/data/basemaps/usa/nos80k-
fag.htm



for strandings that occur inland. The stranding program is contacted for location anomalies
to get corrected coordinates.

3. Plotted strandings are assigned county-specific symbology to visually detect abnormalities.
Although occasionally an incorrect county is a data-entry error, a mis-aligned county can
be a result of incorrect coordinates. The stranding program is contacted for location
anomalies to get corrected coordinates.

4. Strandings that plot in open water are checked for accuracy of location data within the
Level A stranding data. For example, locality details may describe that a floating carcass
was recovered some distance from shore. If the record is not clear, the stranding program
is contacted to request more information.

5. Anomalies in stranding location (e.g., inland, floating) are sometimes a result of changes
to the shoreline since the production of the NOS80K basemap. This is especially true in
areas of Louisiana and around non-stabilized inlets (e.g., Beaufort Inlet, North Carolina).
Additionally, in some areas the land separating the ocean from inshore/estuarine waters
(i.e., inside the 72 COLREGs line) is so narrow that assigning the stranding to coastal
versus the adjacent estuarine stock may be unclear. In these cases, locality details are
reviewed to check if any habitat designation was provided. In these scenarios, strandings
are plotted in Google Earth™ in areas of known or suspected change before stranding
programs are contacted to verify coordinates as necessary.

Steps to assign strandings to stock: Once the coordinates are verified using the steps listed above,
strandings are assigned to stock based on their location within stock polygons. For some stocks,
further scrutiny of the stranding records is required before stock assignments can be made, due in
part, to spatio-temporal overlap of stocks (see Figures 1-3 for WNA and Figures 4-11 for GMXx).
The lists below for the Western North Atlantic and Gulf of Mexico provide additional details on
how assignments are made for cases that require further scrutiny.

0 Western North Atlantic

1. General: For strandings in the WNA that are floating offshore of the 20-m isobath, a model
that incorporates depth and month is used to estimate the probability that each stranding
belongs to a coastal stock versus the Offshore Stock. This assignment is based upon a
logistic regression model that estimates the probability of an observed carcass (or live
animal) being from the coastal vs. offshore stock as a function of location and water depth.
This model was derived from genetic identification of skin samples collected from free-
swimming animals and is the same model used to partition abundance estimates between
the two stocks in regions where they overlap (Garrison et al. 2017).

2. North of New York: Strandings north of New York are considered to belong to the Offshore
Stock and they are not assigned to a BSE or coastal stock.

3. New York: Strandings from New York are dually assigned to the Northern Migratory
Coastal Stock and the Offshore Stock regardless of where they are recovered (sound waters
or coastal waters) and the month.

4. Virginia/North Carolina: Strandings from Virginia and North Carolina may be assigned to
one or more of two estuarine and two coastal migratory stocks: Northern North Carolina
Estuarine System (NNCES), Southern North Carolina Estuarine System (SNCES),
Northern Migratory Coastal, and Southern Migratory Coastal stocks. A matrix of 16
geographic regions (New Jersey to the southern border of North Carolina) and six
bimonthly periods was developed as a tool to identify the distribution of the four stocks,
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including their overlap; the matrix was based on telemetry, photo-identification (photo-
ID), biopsy, and stable isotope data (Table 1, Figure 1) (Lyssikatos and Garrison 2018).
Only the Northern Migratory Coastal Stock is known to occur north of Virginia, except for
Maryland’s coastline in the Chesapeake Bay. Strandings from Chesapeake Bay (Maryland
and Virginia), Virginia, and North Carolina are assigned to one of the 16 regions, and the
month of the stranding is reviewed to assign them to stock(s) based on the matrix.

5. North Carolina: Records are checked for comments regarding coastal or estuarine waters
as a means to double-check coordinates.

6. South Carolina: Strandings that occur on ocean-facing beaches of South Carolina during
December—March are dually assigned to the South Carolina/Georgia (SC/GA) Coastal
Stock and the Southern Migratory Coastal Stock. In all other months they are assigned to
the South Carolina/Georgia (SC/GA) Coastal Stock.

7. South Carolina/Georgia: Five BSE stocks in South Carolina and Georgia are known to
occasionally occur in coastal waters: Northern South Carolina Estuarine System (NSCES),
Charleston Estuarine System (CES), Northern Georgia/Southern South Carolina Estuarine
System (NGSSCES), Central Georgia Estuarine System (CGES), and Southern Georgia
Estuarine System (SGES) stocks. However, the frequency and duration of these
occurrences are uncertain. Until more information is available, strandings on ocean-facing
beaches adjacent to these five BSE stocks are only assigned to the requisite coastal stock.

8. Georgia: Strandings that occur on ocean-facing beaches during January—February are
dually assigned to the SC/GA Coastal Stock and the Southern Migratory Coastal Stock. In
all other months they are assigned to the South Carolina/Georgia (SC/GA) Coastal Stock.

9. Florida: Strandings that occur on ocean-facing beaches off northern Florida as far south as
29.4°N during January—February are dually assigned to the Northern Florida (NFL) Coastal
Stock and the Southern Migratory Coastal Stock. In all other months they are assigned to
the Northern Florida (NFL) Coastal Stock.

10. General: Occasionally, strandings occur in estuarine areas that are not currently included
within the polygon of any stock. These strandings are labeled "Undefined BSE" and
occurrence of these strandings is included in the SAR for the adjacent BSE stock(s).

o Gulf of Mexico

1. Texas: The polygon for the West Bay Stock includes a strip of coastal waters extending 1
km from shore and 3 km to the north and south of San Luis Pass because of the stock’s
known forays into coastal waters (Maze and Wirsig 1999; Irwin and Wirsig 2004; Ronje
et al. 2018; Litz et al. 2019). Strandings from these coastal waters could belong to either
the West Bay Stock or the adjacent coastal stock, and are dually assigned to both stocks.
Strandings inside West Bay are assigned only to the BSE stock.

2. Texas and Louisiana: The polygons of Sabine Lake and Calcasieu Lake stocks extend out
to include the pass opening and the inside of the jetty boundaries. Strandings in these areas
could belong to either the corresponding BSE stock or the adjacent coastal stock, and are
dually assigned to both stocks. Strandings inside the bays for these stocks are assigned only
to the corresponding BSE stock.

3. Louisiana: The Barataria Bay Estuarine System Stock and Terrebonne-Timbalier Bay
Estuarine System Stock overlap in Bayou Lafourche. Any strandings recovered from
Bayou Lafourche are dually assigned to both stocks. The polygons for both stocks include
a strip of coastal waters extending 1 km seaward of the barrier islands. Strandings on the
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10.

ocean side of these barrier islands could belong to either the corresponding BSE stock or
the adjacent coastal stock, and are dually assigned to both stocks. Strandings inside the
bays for these stocks are assigned only to the corresponding BSE stock.
Louisiana/Mississippi: The polygon for the Mississippi Sound/Lake Borgne/Bay Boudreau
Stock includes a strip of coastal waters extending 1 km seaward from the barrier islands
and includes the network of marsh islands on the western side of Chandeleur Sound.
Strandings that occur on the ocean side of the barrier islands and along the outer marsh
islands on the western side of Chandeleur Sound could belong to either the BSE stock or
the adjacent coastal stock, and are dually assigned to both stocks. Strandings inside the
bays are assigned only to the BSE stock. Strandings within Lake Pontchartrain, which is
connected to Lake Borgne, are assigned to the Mississippi Sound/Lake Borgne/Bay
Boudreau Stock.

Florida: The polygon for the St. Joseph Bay Stock includes a strip of coastal waters
extending 2 km from the mainland along the entire length of the stock area. Strandings on
the outer beach of the St. Joseph Peninsula and on the beaches to just north of Crooked
Island could belong to either the BSE stock or the adjacent coastal stock, and are dually
assigned to both stocks. Strandings inside St. Joseph Bay are assigned only to the BSE
stock.

Florida: Waccasassa Bay is unique compared to most other bays in the GMx in that it
consists of a series of marsh and tidal flats without barrier islands that separate it from
coastal waters. The polygon for the Waccasassa Bay/Withlacoochee Bay/Crystal Bay
Stock extends out into the GMx from Waccasassa Bay to contain these marsh habitats and
does not ascribe to a particular distance from shore. Strandings therein are assigned only
to the BSE stock.

Florida: The polygon for the Sarasota Bay/Little Sarasota Bay Stock includes Terra Ceia
Bay and Manatee River. Occasionally, free-swimming bottlenose dolphins from the Tampa
Bay Stock have been documented in these water bodies (Urian et al. 2009). As a result,
strandings therein are compared to the dorsal fin photo-1D catalog managed by the Sarasota
Dolphin Research Program to determine if the stranded animals are known members of the
Sarasota Bay/Little Sarasota Bay Stock. Animals stranded within Terra Ceia Bay and the
Manatee River that are not identified as members of the Sarasota Bay/Little Sarasota Bay
Stock, despite having a well-marked fin, are assigned to the Tampa Bay Stock. Strandings
within Terra Ceia Bay and the Manatee River that are not identifiable due to lack of dorsal
fin markings or decomposition are dually assigned to both stocks.

Florida: Whitewater Bay is similar to Waccasassa Bay in that it consists of a series of marsh
and tidal flats without barrier islands that separate it from coastal waters. The polygon for
the Whitewater Bay Stock extends out into the GMx to contain these marsh habitats,
including Ponce de Ledn Bay, and does not ascribe to a particular distance from shore.
Strandings therein are assigned only to the BSE stock.

Florida: The polygon for the Florida Keys Stock surrounds the keys and includes all
beaches on both the Gulf and Atlantic sides of the lower Keys and Key West.

General: Occasionally, strandings occur in areas that are not currently included within the
polygon of any BSE stock. These strandings are labeled "Undefined BSE" and occurrence
of these strandings is included in the SAR for the adjacent BSE stock(s).



Examining Stranding Data for Human and Fishery Interactions and for Live Strandings

Level A stranding data include an assignment to one of three human interaction (HI)
categories: Yes (having evidence of some type of HI), No (having no evidence of some type of
HI), and CBD (the presence or absence of evidence indicating some type of HI Could not Be
Determined). In order to assess the annual human-caused mortality and serious injury for the
SARs, the Level A data are filtered for those marked as "Yes" for HI and the type of HI is reviewed:
Boat Collision, Shot, Fishery Interaction, or Other HI. Additionally, for records assigned to HI No
or HI CBD, comment fields within the level A data ("Other Human Interaction Description,”
"Other Findings - Describe,” "Other Describe Flag,” "Condition Comments,"” "Additional
Remarks") are reviewed to check that cases of HI are not inadvertently missed because they were
not appropriately marked as such. Frequently, stranding responders will mark the HI, Fishery
Interaction, or Other HI fields as "Yes" but will not provide any details as to the nature of the
interaction. In these cases, the responders are contacted to request additional information
describing the human or fishery interaction, such as a marine mammal human interaction form
(Moore and Barco 2013), necropsy report, or photos.

Level A stranding data also include condition codes for animals to describe whether the animal
was alive or dead, and if dead, the level of decomposition of the carcass (Geraci and Lounsbury
2005). These data are included in the fields "Observation Status™ (condition code when the animal
was first reported) and "Condition at Examination™ (condition code when the animal was examined
by the responder). These two fields are filtered to examine all stranding records in which the
dolphin was noted as "alive" at some point. The live cases are then reviewed to see which need
evaluating for serious injury (see serious injury determinations for live dolphins section below).
An animal may have been alive when first observed but could have died shortly thereafter, for
example, and would not need to be evaluated for serious injury because it would be treated as a
mortality. Or the live animal could have been reported to the stranding network due to a situation
not caused by a human interaction, such as a dolphin observed out-of-habitat (e.g., unusually far
up ariver or in a drainage ditch), and therefore will not require a serious injury evaluation.

Assigning Dolphin Strandings to Fishery or Gear Type

Bottlenose dolphin strandings can have two types of evidence of being involved in some sort
of fishery interaction (FI): skin lesions consistent with gear entanglement (Kuiken et al. 1994;
Read and Murray 2000) and/or attached or ingested gear. A document describing the process and
limitations of assessing the possible source(s) of fishery from entanglement lesions and
attached/ingested gear is forthcoming (S. Horstman pers. comm.). Attached gear is less common
than entanglement lesions (Byrd et al. 2014), but is the most informative for assigning a specific
fishery or gear type to the interaction. Assigning observed or collected gear 