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DRAFT MEMORANDUM 
 
DATE: June 1, 2020 
TO: Herring Committee  
FROM: Herring Plan Development Team (PDT)  
SUBJECT: Initial input on Framework 7 (GB spawning action) 
 
The Herring Committee met on March 3, 2020 to begin development of Framework 7, an action 
to protect spawning of Atlantic herring on Georges Bank. During the meeting, the Committee 
recommended what the objectives of the action should be and identified a handful of tasking 
items for the PDT to work on to support Framework 7. The PDT met on April 4 and May 14 to 
develop Framework 7 and review initial analyses. This memo summarizes initial input from the 
PDT for Committee consideration. 
First, the PDT reviewed the draft goal and objective developed by the Herring Committee, to 
“develop measures to protect spawning adults of Atlantic herring and/or Atlantic herring egg 
mats to increase overall herring biomass. The objective of this action is to consider similar 
measures as in Area 1A for other spawning components of this resource (i.e. Georges Bank and 
Nantucket Shoals).”  
The motion was perfected by the Committee to include “and/or” before herring egg mats to 
clarify that if there is not enough information to support measures for adult herring or herring 
egg mats, the action could focus on just one life history stage. The maker of the motion clarified 
that the intent of the motion is to leave the door open in terms of which fisheries this action could 
include. As this action proceeds, it may consider measures that would restrict other fisheries in 
the region, not just the herring fishery. The Council approved the goal and objective for this 
action at the April 2020 Council meeting.  
The PDT has two questions/comments about the goal and objectives developed for Framework 
7: 

1. The alternatives developed will have different levels of protection depending on their 
size, location, starting date, duration, and fisheries restricted. How much protection is 
desired? Does the Committee have more direction about the level of protection these 
alternatives should meet? For example, is the goal to protect some spawning activity/egg 
development on GB, most spawning activity/egg development, etc.?   

2. When the Commission developed the GOM spawning areas it was considered whether 
the primary objective was to: A) protect spawning fish from being harvested; or B) 
protect the act of spawning from fishing activity by reducing or eliminating fishing 
disturbance/interaction. The PDT members that are involved in both plans explained that 
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ultimately, the primary objective of the GOM spawning closures is the former - 
protection of spawning fish from harvest, as that objective is more feasible. However, the 
PDT noted that more conservative alternatives, i.e. larger and longer closures, could 
address the second objective as well – reduce disturbance of spawning activity. Does the 
Herring Committee have any additional input specific to these two objectives previously 
considered by the Commission? 
 

Next, the PDT reviewed the tasking items from the Herring Committee related to Framework 7. 
The Committee did not identify a specific range of alternatives, but rather, provided some 
direction for PDT analysis. First, the Committee requested that the PDT look at herring egg mats 
in more detail, specifically which fisheries may have impacts (mobile and/or fixed gear) and 
what do we know about herring egg mats (e.g. suitable habitat conditions, location, size).  In 
addition, as the range of alternatives is developed the Committee recommended the PDT focus 
on protections for adult herring first, and then on spatial closures that would protect herring egg 
mats, if that is possible and practical. Second, related to potential closure dates the Committee 
recommended that the PDT look at default dates at this time because it would be more practical 
than implementing real time monitoring of spawning condition and specific trigger thresholds is 
very time and resource intensive, and thus impractical. The Committee did not want to specify 
the level of spawning maturity the default closure dates should be based on (i.e. % of gonadal 
somatic index (GSI)). It was pointed out by a PDT member present at the meeting that it may be 
useful to set default dates using the same GSI triggers that are in place for the ASMFC measures 
to be consistent.  
 
1.0 Herring Egg Mats 
 
The PDT consulted with the Habitat PDT to summarize what is known about herring eggs in this 
region as well as potential impacts of fishing on herring egg mats. The EFH source document for 
Atlantic herring includes a detailed summary of the existing information available (Stevenson 
and Scott, 2005). There is limited information on herring egg mat locations and little direct 
research on the potential impacts of fishing on herring egg mats. Attachment 1 to this memo 
summarizes the primary information available and provides a list of references. 
 
2.0 Default closure dates 
 
Several years ago, ASMFC considered modifications to the Gulf of Maine spawning closures, 
including adjusting how and when the spawning areas close. Those spawning closures, 
implemented as Addendum II to Amendment 3 to the ASMFC Atlantic Herring Management 
Plan, are driven by real-time GSI data of adult fish collected from port samplers. However, each 
area also has a default date that is in place if real time data are not available. The PDT replicated 
the GSI timing analyses developed for Addendum II, using data from herring fishing trips from 
Georges Bank only.  Attachment 2 includes more detail about these analyses. 
 
Based on these analyses, the estimated mean date when the closure threshold was reached over 
the 22-year period from 1998-2019 was September 14th, which is 10 days earlier than the 
Massachusetts/New Hampshire and Western Maine spawning areas of the GOM (Figure 7 of 
Attachment 2). Under a 6-week closure period, a Georges Bank spawning closure would re-open 
on October 26th. If an 8-week period were to be adopted, the closure would begin on September 
7th and re-open on November 2nd. The extension of one week in either direction would 
encompass spawning activity occurring both early and later in the season. 
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3.0 Initial PDT input on range of alternatives 
 
The PDT primarily used the results from the GB Spawning Discussion Document (NEFMC, 
2019)1 to inform potential alternatives. At this stage, the PDT is not recommending specific 
spatial management areas; instead, this section presents several approaches the Committee could 
use to define alternatives. The GB Spawning Discussion Document included an overlap analyses 
of several data sets. The PDT recommends that these areas of overlap could be used to define 
potential alternatives. The PDT has developed three examples for discussion purposes. The 
Committee could endorse these examples or provide more feedback about priority data sources 
to consider.  
 
For Option 1, the GB Spawning Discussion Document identified areas where three or more of 
the six data layers overlapped (See Figures 3.3-3.5 in that document and Figure 1 below). This 
exercise highlighted two distinct areas, one on eastern Georges Bank, and one in western 
Georges Bank.  
 

 
 
Figure 1 – Areas of overlap between multiple data sources including data from food habits database, larval 
monitoring, egg EFH, historical spawning grounds, DMR portside monitoring (mat stage U), and fall trawl 
survey (mat stage U). 100 m isobath is shown. This is Figure 3.3 of GB Spawning Discussion Document. 
 
Figure 2 shows Option 1, which includes an area on eastern GB (top) and western GB (bottom).  
This option is about 3,500 km² for both areas combined. The PDT discussed that a possible 
modification to this option could be to expand the area by 25% for example, to recognize that 
areas of spawning vary annually, and a larger area would improve the likelihood of overlap with 
future spawning activity.  
 

 
1 GB Spawning Discussion Document (NEFMC, 2019) https://s3.amazonaws.com/nefmc.org/2_Herring-Spawning-
Review-191122.final.pdf 

https://s3.amazonaws.com/nefmc.org/2_Herring-Spawning-Review-191122.final.pdf
https://s3.amazonaws.com/nefmc.org/2_Herring-Spawning-Review-191122.final.pdf
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Figure 2 – Potential approach to identify GB spawning areas (Option 1), eastern GB area on top and western 
GB area on bottom. Option 1 based on areas where three or more datasets overlap. 



5 
 

For Option 2, the PDT instead focused on the spawning adult datasets only. This option also uses 
analyses from the GB Spawning Discussion Document that displayed the location of spawning 
adults from both the NEFSC bottom trawl fall survey as well as Maine DMR portside samples of 
spawning adults by decade (1981 – 2018) (See Figures 3.6 and 3.7 in that document and Figure 3 
below).  The candidate areas for Option 2 are shown in Figure 4, two separate areas again on 
eastern and western GB where three or more coverages overlap.  The eastern GB area is very 
similar to the eastern GB area highlighted in Option 1; however, the western GB areas are quite 
different.  This potential approach focuses on locations of adult spawning herring and recognizes 
spatial variation by decade, compared to the previous approach which includes additional 
datasets including location of herring larvae, herring egg EFH, etc.     
 
 

 
Figure 3 - Overlap areas for maturity stage R+U herring from both DMR and trawl survey data sets for 
multiple decades. 100 m isobath is shown. This is Figure 3.7 of GB Spawning Discussion Document. 

 
Figure 4 shows Option 2, which also includes an area on eastern GB (top) and western GB 
(bottom).  The areas have a high degree of overlap with Option 1 for eastern GB, but not western 
GB. Option 2 is about 5,500 km², with most of the increase in area related to the area on western 
GB, since the areas in eastern GB for both Option 1 and 2 are about 1,500 km².       
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Figure 4 – Potential approach to identify GB spawning areas (Option 2), eastern GB area on top and western 
GB area on bottom. Option 2 based on overlap of spawning adult datasets by decade. 
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Finally, the PDT explored another option that would incorporate most of the core areas identified 
in Option 1 as well as Option 2, recognizing that spawning locations vary over time. This option 
would be the most conservative and would essentially close the entire northern edge of Georges 
Bank (Figure 5). The estimated size of this option in blue is just under 10,000 km² (about 9,900 
km²).    

 

 
 
Figure 5 – Potential approach to identify GB spawning areas (Option 3 in blue). Option 3 based on 
identifying an area that would encompass most of Option 1 and 2 and include areas in between to recognize 
interannual variability.  
 



8 
 

Egg protections alternatives 
In terms of location, in the absence of direct data on the recent location of egg mats, the initial 
recommendation is to use the same spatial areas developed for protection of adult spawning 
herring since eggs are released close to the bottom. Therefore, the locations of egg mats are 
expected to be relatively close to the locations that adult herring spawn. In addition, data inputs 
to Option 1 include locations of egg beds and newly hatched larvae, and thus are partly based on 
egg mat distribution.  
 
In terms of timing, herring egg incubation is influenced by temperature but generally varies 
between 10 and 15 days after eggs are released in the Gulf of Maine/Georges Bank region 
(Stevenson and Scott, 2005). As recommended above, the potential spawning closure season 
may be six or eight weeks to include the season when most observations of adult herring were in 
spawning condition. Therefore, an additional two weeks could be added at the end of the window 
to specifically protect egg mats from impacts of fishing activity. However, it should be noted that 
there is variation on when and where spawning takes place; therefore, without real time GSI data 
to monitor spawning condition during the season, it will be difficult to protect spawning with 
relatively short seasonal restrictions.   
 
To date, the Council has not limited the scope of this action to herring fishing only. It may also 
include alternatives to protect herring egg mats from other fishing gears such as bottom trawls, 
dredges, pots, etc.  The PDT has not yet spent extensive time exploring the various potential 
effects of fishing on herring egg mats from different gear types. There is limited research on that 
topic and what is available has been summarized in Attachment 1. The PDT briefly discussed 
that it could be possible to allow pelagic gears in these areas during the egg incubation period if 
pelagic gears are fished in the water column with minimal impacts on benthic egg mats. 
 
Finally, Figure 6 shows the PDT strawman ideas overlaid with seabed forms and sediment grain 
size. Seabed form is based on bathymetry data and combines depth and slope of the seafloor to 
show depressions, ridges, flat areas, and steep areas. The grain size data shown here indicates the 
percentage of the seabed in each grid cell that is covered by granule or pebble. Herring spawn on 
rocky, pebbly, or gravelly bottoms shell substrates, and on clay to some extent, but probably 
never on soft mud (Bigelow and Schroeder, 1953). These figures have been included to show 
that seabed form or sediment grain size could also be used to inform potential alternatives. 
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Figure 6 – Potential herring spawning areas compared to seabed forms and sediment grain size.
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General PDT input – Issues to consider  
 

1. The areas and seasons adopted may not capture all the among and within year variability. 
The PDT expects spawning fish will still be caught outside of closure areas, just as they 
are relative to the spawning closures in the GOM. A more flexible, real-time system is 
desirable since spawning areas and seasons vary annually. If a more dynamic system is 
not feasible in this action, it would be useful to review this information after several years 
and potentially adjust boundaries and/or seasons. The PDT notes that the spawning 
closures that are in place in the GOM have taken over a decade to refine, so there should 
be an expectation that any measure adopted would need to be reviewed and adjusted as 
more information is available. 

2. After IFM implementation there may be improved data on spawning of Atlantic herring 
on GB (i.e. more GSI samples from dockside monitors, additional sampling from at-sea 
monitors at higher observer coverage rates (50%), etc.). However, this would require 
specific training and collection of spawning specific data are not currently planned. In 
order to use these data to inform adjustments in the future, more resources would need to 
be invested to expand the current protocols. 

3. The action could include alternatives that are not complete closures to herring fishing, 
instead a “tolerance” of spawning fish would be allowed. For example, during a certain 
season trips from Area 3 could not have more than 20% stage 5 and 6 fish. The GOM 
spawning closures previously had a 20% tolerance for spawning fish, but that measure 
was problematic to enforce and was removed.  

4. The PDT discussed whether it was possible to develop alternatives that protect adult 
spawning fish from harvest but allow fishing on juvenile herring. While it may be 
possible to target juvenile fish in the water column above spawning adult fish closer to 
the bottom, at this time the PDT does not plan to develop those alternatives in this action 
due to concerns about enforceability.   

5. Finally, given the stock status of herring data collected now and previously at lower stock 
sizes may not be representative of the stocks spawning behavior when it is rebuilt. 

 
 
References: 
 
Bigelow HB Schroeder WC.1953. Fishes of the Gulf of Maine. Rev. ed. Washington (DC): US 
Government Printing Office. Fishery Bulletin no. 74 of the Fish and Wildlife Service, US 
Department of the Interior. 
 
NEFMC, 2019. GB Spawning Decision Document. 
https://s3.amazonaws.com/nefmc.org/2_Herring-Spawning-Review-191122.final.pdf 

 

https://s3.amazonaws.com/nefmc.org/2_Herring-Spawning-Review-191122.final.pdf
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Attachment 1 
 
Atlantic herring spawning and egg mats 
On Georges Bank, Atlantic herring spawn in aggregations on the northern edge of Nantucket 
Shoals and along the northern flank (Stevenson and Scott, 2005). These spawning areas 
contracted to a few isolated locations when the stock was at low abundance levels and were 
observed to expand as abundance levels increased in the 1980s and 1990s (Melvin and 
Stephenson, 2007; Stevenson and Scott, 2005).  
 
Female herring deposit their eggs in discrete mats on the seafloor in areas with strong tidal 
currents at water depths ranging from 5 to 90 m (Stevenson and Scott, 2005). The habitat 
characteristics and requirements for Atlantic herring eggs are summarized in the Essential Fish 
Habitat source document (Table 1, reproduced from Stevenson and Scott, 2005). Eggs may be 
deposited on a variety of sediment types, but gravel has been identified as the predominant egg 
mat substrate on the northern edge of Georges Bank (Drapeau 1973; Valentine and Lough 1991). 
Surveys conducted on Georges Bank from 1964 to 1970 found egg beds to be restricted to 
elongated areas of gravel substrate at depths of 40 to 50 m, situated between gravelly sand 
regions and sand ridges about 10 to 20 m in height (Valentine and Lough 1991). Due to the 
strong bottom currents present in spawning areas on Georges Bank, finer sediments (i.e., sand 
and mud) are not sufficiently stable for secure adhesion of egg mats, and transitions from gravel 
to finer sediment have been observed to delineate the edges of egg beds (Stevenson and Scott, 
2005). Egg mats, which can measure up to 5 cm in thickness, may consist of many layers 
(Stevenson and Scott, 2005). It is inferred that strong currents provide oxygen to eggs, prevent 
siltation, and remove metabolites (Drapeau 1973). Studies of Atlantic herring in the Northeast 
Atlantic demonstrate that habitat structure (emergent flora and fauna) are important for hatching 
success by increasing surface area and egg aeration (P. Auster, personal communication). 
 
Egg mats can cover large regions of the seafloor (Stevenson and Scott, 2005); in 1964, an egg 
mat observed on Georges Bank measured about 65 km2 (Noskov and Zinkevich, 1967). The 
locations of egg mats have been documented by Anthony et al. (1970), Caddy and Isles (1973), 
and Pankratov and Sigaev (1973), and are reflected in the EFH map. The herring egg EFH map 
also reflects locations where larvae <=10mm were found in various ichthyoplankton surveys 
conducted between 1971 and 2013. Herring larvae hatch at between 4 and 10 mm total length 
(Fahay 2007), so larvae that are 10 mm or smaller in size are expected to be close to the location 
where their eggs were incubated. Herring larvae have exhibited a similar distribution pattern to 
spawning adults, occupying increasingly large areas of Georges Bank as the herring population 
grew in the late 1980s and 1990s (Figure 7).  
 
Exact timing of Atlantic herring spawning events may vary year-to-year by several weeks due to 
interannual variability in oceanographic conditions (Winters and Wheeler, 1996). Spawning 
occurs from late August to December in the Georges Bank/Nantucket Shoals region, with a peak 
in September and October (Stevenson and Scott, 2005). Larval surveys in 1971-1975 indicated 
that spawning occurred on a temporal-spatial gradient, starting with northeast Georges Bank in 
September and extending southwest over a period of weeks to Nantucket Shoals, where 
spawning occurred in October (Grimm 1983). Herring egg incubation period is influenced by 
temperature but generally varies between 10 and 15 days in the Gulf of Maine/Georges Bank 
region (Stevenson and Scott, 2005).  
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Table 1 - Summary of habitat characteristics and requirements for Atlantic herring in the northwest Atlantic 
continental shelf ecosystem 

 
 
 

 
Figure 7 - From Melvin and Stephenson, 2007. Distribution of recently hatched larvae (<10 mm total length) 
on Georges Bank in four representative years, 1988, 1990, 1992, and 1994.  
 
 
Fishing effects on egg mats 
There are numerous studies examining the physical effects of fishing gears on seabed structures 
and fauna. Gear impacts vary by gear type, gear design, and benthic habitat characteristics in the 
region being fished (Grabowski et al. 2014). Fishing gear that contacts the seafloor can disturb 
the substratum in fished areas, with the magnitude of the effect being determined by towing 
speed, gear configuration, substratum characteristics, and water current strength (Jennings and 
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Kaiser, 1998). Benthic trawl gear has been shown to penetrate substrata to depths of a few 
centimeters. Surface impressions (i.e., ripples) in the sediment can be smoothed over by trawls, 
while trawl doors can leave depressions in the substrate (Jennings and Kaiser, 1998). Trawl and 
dredge gear can churn sediment due to both direct contact with the sediment and turbulence 
behind fishing gear. Suspended sediments which result from fishing disturbance have been 
reported to settle out within hours, although horizontal displacement may occur, particularly in 
areas with strong currents (Mayer et al., 1991; O’Neill et al., 2013).  
 
Inferring from this research, the potential effects that bottom-tending gear types may be 
anticipated to have on herring egg mats include direct disturbance/detachment of eggs and 
settlement of resuspended sediment on egg mats. In a laboratory study, covering Atlantic herring 
eggs with a thin layer of sediment caused 85% mortality, although suspended sediments at 
concentrations of up to 7,000 ml/l were not shown to influence hatching success (Messieh et al. 
1981). The potential for resettled sediments to cover herring egg mats due to fishing gear 
disturbance has not been directly studied; while there could be risk of increased sediment loads 
on egg beds, the strong currents in spawning areas could mitigate this effect by sweeping 
suspended sediments away from spawning sites.  
 
Fewer studies have estimated secondary effects of gear effects on fishery resources, i.e. how 
fishing gear alteration of the seabed affects stock production (Collie et al., 2017). For example, 
fishing gears may smooth the sediment rendering it less suitable for attachment of egg mats, 
which could lead to lower hatch rates and thereby lower recruitment. 
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Attachment 2 
 
Using a Gonadal Somatic Index (GSI) to inform a spawning closure 

for Atlantic herring on Georges Bank 
Micah Dean (Massachusetts Division of Marine Fisheries) 

May 2020 
 
Introduction 
 The spawning season of Atlantic herring can vary by several weeks from year to year 
(Sinclair & Tremblay, 1984; Winters & Wheeler, 1996) and GSI has effectively been used for in-
season monitoring to inform adaptive fishery closures in the Gulf of Maine, under the direction 
of the Atlantic States Marine Fisheries Commission (ASMFC 2016; ASMFC 2019). This system 
requires consistent and regular observations of the reproductive state of herring prior to 
spawning, typically from fishery catches. When such samples are unavailable, either due to 
sampling limitations or a lack of fishing, a “default closure date” applies that represents the 
historical average date that herring GSI has been observed to cross the closure threshold. 
Georges Bank does not receive the same level of consistent pre-spawning fishing activity as in 
the Gulf of Maine (Figure 1), making in-season monitoring and adaptive closures infeasible. 
Regardless, sufficient historical GSI samples from Georges Bank exist to inform the calculation 
of a default closure date.  
 
Methods 
 The GSI of female herring increases in an approximately linear fashion during the later 
stages of development (Figure 2). This offers the opportunity to use a simple linear model, fit to 
pre-spawning GSI data, to forecast the date when development is near complete. However, 
observed GSI is also positively related to fish length (Figure 3), and this effect needs to be 
accounted for due to the heterogeneity in fish size across samples.  The ASMFC method of GSI 
monitoring estimated this length effect in the GOM and this coefficient is used to standardize all 
GSI observations to a common fish size of 30 cm (i.e., GSI30). Once a sufficient number of 
samples has been collected (n = 3) and an informative linear model can be fit (p < 0.05), this 
model is used to forecast the date when GSI30 surpasses a value of 23, representing day 1 of the 
spawning closure. This somewhat arbitrary closure threshold was selected by ASMFC fishery 
managers and represents a tradeoff between spawning protection and maintaining fishery access. 
Recent full-season sampling of herring maturity stages in the GOM suggests that approximately 
25% of fish have begun to spawn when mean GSI30 reaches 23 (Figure 4). It was also estimated 
that the time between when 25% have begun to spawn and when 25% have yet to spawn ranged 
between 2.5 and 5 weeks over the period 2015-2017 (Figure 5). For this reason, ASMFC 
managers selected a closure length of 6 weeks to ensure a low probability of fishery interaction 
with spawning.  
 To estimate a default closure date for Georges Bank, the mean date when GSI30 = 23 was 
calculated using all sample data collected from Herring Management Area 3, treating YEAR as a 
random effect in the linear model (i.e., GSI30 ~ DATE + (1|YEAR)). This is equivalent to how 
default dates were calculated by ASMFC for GOM spawning areas. Given the interannual 
variability in herring spawning time and the inability to conduct in-season adaptive closures, an 
8-week closure period was also considered in addition to the ASMFC default of 6-weeks.  In 
order to maintain alignment with the reproductive phenology of Georges Bank herring, the 8-
week closure alternative would start 1 week prior to the 6-week alternative and end 1 week later. 
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Application of these methods to Georges Bank sample data implies several assumptions: 
1) the relationship between herring length and GSI is the same as in the GOM; 2) GSI30 of 
developing female herring increases linearly prior to spawning on Georges Bank; 3) Herring on 
Georges Bank achieve a similar maximum GSI30 as in the GOM (i.e., a closure threshold of 
GSI30 = 23 is relevant to Georges Bank). The Georges Bank sample data were further explored 
in order to examine the validity of these assumptions. 
  
Results 
 Although numerous GSI samples have been collected from Georges Bank herring trips, 
relatively few have been collected in recent years (Figure 1), and most of these have occurred in 
September, too late to act as an “early-warning” system to inform in-season adaptive closures. 
Regardless, the apparent linear increase in developing female GSI (Figure 2) makes these data 
useful for estimating the date when the closure threshold was reached. A strong relationship 
between GSI and fish length necessitated standardizing GSI to a common length (Figure 3). The 
length coefficient estimated from the Georges Bank sample data (βl = 1.85 increase in GSI per 
cm; S.E. = 0.03) was indistinguishable from the value used by ASMFC in the GOM (βl = 1.84 
increase in GSI per cm; S.E. = 0.04). As such, the parameters of the ASMFC length 
standardization were adopted (βl = 1.84; standard length = 30 cm), for the sake of simplicity.  

The distribution of observed female GSI30 values was somewhat higher on Georges Bank 
than in the GOM, particularly for later developmental stages (Figure 6). However, this is to be 
expected for two reasons: 1) A concerted effort to collect early pre-spawning samples in the 
GOM to inform in-season adaptive closures resulted in more low GSI observations; and 2) The 
fishery on Georges Bank has been unconstrained by spawning closures, resulting in more high 
GSI observations. Given this explanation for the observed differences, the ASMFC closure 
threshold of GSI30 = 23 was considered relevant for Georges Bank.  

The estimated mean date when the closure threshold was reached over the 22-year period 
from 1998-2019 was September 14th, which is 10 days earlier than the MANH and WM 
spawning areas of the GOM (Figure 7). Under a 6-week closure period, a Georges Bank 
spawning closure would re-open on October 26th. If an 8-week period were to be adopted, the 
closure would begin on September 7th and re-open on November 2nd. 
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Figure 1. [top] Annual number of Management Area 3 (Georges Bank) herring trips sampled by either MEDMR or 
MADMF, 1998-2019; [bottom] Total number of individual fish measured from these samples. 
 

 
Figure 2. Relationship between developing female GSI (stages 3-5) and sample week for Georges Bank (GB) and 
the Gulf of Maine (EM, WM, MANH). 
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Figure 3. Relationship between developing female GSI (stages 3-5) and fish length for Georges Bank (GB) and the 
Gulf of Maine (EM, WM, MANH). 
 

  
Figure 4. GSI30 by date for the MANH spawning area of the GOM, 2015-2017. The vertical gray bands indicate the 
estimated percent of the population that had begun to spawn (from ASMFC, 2019). 
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Figure 5. Observed fraction of sampled herring that had started spawning (red: stage 6+) and completed spawning 
(purple: stage 7+) for the MANH area of the GOM. The shaded blue region represents the spawning season, as 
defined by the period between when 25% of fish had begun to spawn and when 25% of fish had yet to complete 
spawning. Vertical black lines represent spawning closures and re-closures (from ASMFC, 2019) 
 

 
Figure 6. Distribution of observed female GSI30 by developmental stage for the GOM (left) and on Georges Bank 
(right). The red horizontal line indicates the closure threshold. 
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Figure 7. Predicted mean date the closure threshold (blue dashed line) was reached from over 20 years of GSI 
sampling, in the GOM (top) and on Georges Bank (bottom). 
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