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I. Preamble 
The purpose of this document is to provide a comprehensive review of all available data 
pertaining to Atlantic herring spawning on Georges Bank, as well previous management actions 
or discussions related to spawning protections. This draft document outlines completed analyses 
of existing data sets that can be used to infer location and timing of herring spawning. The final 
version of this discussion document (pending) will expand further on the literature and historical 
aspects of this review, as well as a general overview of herring biology. While the literature 
review will be integral to this document, it is felt that analyses of existing rich datasets (many of 
which have not been examined in detail as indicators of herring spawning) will be invaluable for 
the purpose of inferring spawning of Georges Bank herring.  

The existing data sets considered here include larval herring data collected as part of the long-
standing NEFSC ichthyloplankton surveys (1971 – 2017) where spawning is inferred from 
distribution of early stage (< 9mm) herring larvae, Northeast Fisheries Science Center trawl 
survey data (spring and fall) where spawning location is inferred from location of later maturity 
stage herring (1987 – 2018), and dockside monitoring data where location of late maturity stage 
herring is also mapped and used to infer spawning; dockside monitoring data comes from both 
Maine Department of Marine Resources (DMR) and Massachusetts Division of Marine Fisheries 
(DMF) dockside monitoring programs (1971 – 2018) which, in addition to maturity stage, also 
provide data on gonadal somatic index (GSI), a more quantitative measure of potential spawning. 
Other sources of spawning information contained in this draft include early depictions of 
spawning grounds from Olsen et al. (1977) and Overholtz et al. (2004), as well as presence of 
herring eggs in the diet of groundfish from the NMFS Food Habits Data Base (limited instances). 
Information from observer programs was considered (e.g., mention of spawning herring in notes 
by observers) but proved not useful in terms of detail. Finally, we reached out to fishing industry 
members, primarily owners and captains of herring vessels operating on Georges Bank for their 
input with regard to spawning herring on Georges Bank. 

Each of the above mentioned data sets is described more in detail below and results from each, as 
potential indicators of spawning, are presented individually where spatial and temporal trends in 
spawning can be visualized and explored. A summary of all of these depictions of spawning is 
made in “consensus” figures following the example of DeCelles et al. (2017) who considered 
multiple points of view, with a heavy reliance on fishermen’s ecological knowledge, for 
describing Atlantic cod spawning on Georges Bank (Figure I.1). Essentially, greater weight was 
given to areas of consensus or overlap where multiple sources identified spawning in the same 
area. A similar exercise is presented here where spawning areas may be inferred as areas where 
multiple data sources identify the same place (i.e., with high degree of overlap). 
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Figure I.1.  From DeCelles et al (2017). “Cod spawning grounds that were identified by 
fishermen. Each polygon represents a spawning ground that was identified by a single fisherman. 
The shading is used to identify areas where there is overlap in the spawning locations reported by 
multiple fishermen. The rectangle outlined in black depicts the “Winter Fishing Grounds” that 
were described by Goode (1884) and Rich (1929). The hashed rectangle represents the cod 
spawning grounds that were reported by Bigelow and Schroeder (1953).” 
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Figure I.2.  Map of Gulf of Maine and Georges Bank showing place names referred to in this 
document: Nantucket Shoals, Great South Channel (GS Channel), Western Georges Bank 
(WGB), Northern Flank (NF), and Northeast Peak (NEP). From Lough et al. (2006). 

 

1. Background 
1.1. Herring Spawning Biology  
(to be completed for final draft) 

 

1.2. Previous Considerations of Herring Spawning in New England Fisheries Management  
(to be completed for final draft) 

 

1.3. Herring Spawning and Management Around the World 
(to be completed for final draft) 
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2. Consideration of Existing Maps and Data Sets 
Herring spawning on Georges Bank has been described in the past in various documents. The 
currently and frequently cited source is from Overholtz et al (2004). Here, they describe 
spawning as follows: “Georges Bank (including Nantucket Shoals): Varied with time – 
contracted and protracted around Nantucket Shoals. Major grounds Northeast Peak (pre and 
post collapse), Cultivator Shoals and the Nantucket Shoals (Figure 1.5) (Melvin et al. 1996, Reid 
et al. 1999). Currently, spawning appears to be continuous from Massachusetts Bay into Great 
South Channel and along the northern fringe of Georges Bank to the Northeast Peak.” Figure 
2.1 depicts what Overholtz et al (2004) describe as continuous spawning from Massachusetts 
Bay to the Northeast Peak. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1.  Generalized view of the current major herring spawning areas in the GOM and on 
GB (from Overholtz et al. 2004). 

 

A previous publication showed more specific and limited spawning grounds on Georges Bank 
(Olsen et al. 1977) (Figure 2.2). These locations match well with egg essential fish habitat as 
shown in Amendment 5 to the Fishery Management Plan (FMP) for Atlantic Herring (NEFMC 
2013) (Figure 2.3). 
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Figure 2.2.  Known specific spawning grounds for various fishery species including Atlantic 
(sea) herring (dark red polygons; from Olsen et al. 1977). 
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Figure 2.3.  EFH for herring eggs from Amendment 5 to the Fishery Management Plan (FMP) 
for Atlantic Herring (NEFMC 2013). 

 

2.1. Larval data 
Fish larvae can be a valuable indicator of spawning locations in fish (reference), particularly for 
herring since eggs are demersal and not subject to dispersal (reference). Thus, young larvae, 
within a short time frame of hatching, may be spatially associated with where they were 
spawned.  Herring larval data from Georges Bank monitoring have been presented in numerous 
publications and assessments (e.g., 54th Northeast Regional Stock Assessment Workshop; 
NEFSC 2012). For this review, larval data were accessed (D. Richardson, pers. comm.) and 
explored from the Northeast Fisheries Science Center ichthyoplankton sampling program from 
1971-2017 (see Richardson et al. 2010 for description of monitoring program). Sampling was not 
conducted in every region every year during sampling cruises. During some sampling trips, there 
were ship time limitations, inclement weather, and other unforeseen circumstances leaving gaps 
in sampling. For our analysis, we summed abundance of Atlantic herring <9mm for each sample 
with unique locations. Larvae less than 9mm length are typically 10-15 days old (reference). We 
then used the ‘MASS’ package in R to plot the data using 2-dimensional kernel density 
estimation (Venables and Ripley 2002). Most larval herring were observed in October and 
November. Over the entire time series, highest densities of larval herring occurred on the 
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northeast section of Georges Bank and Nantucket Shoals (Figure 2.1.1). These two areas had 
high densities in the 1970s and again in the 1990s, while Nantucket Shoals and Stellwagen Bank 
were prominent in the 1980s (Figure 2.1.2). Smith and Morse (1993) similarly found that the full 
extent of larvae herring contracted to only Nantucket Shoals and Stellwagen Bank after the 
fishery collapsed in 1976, but then expanded eastward on Georges Bank through 1990. Between 
2000 and 2017 larval herring density has concentrated to the Northeast section of Georges Bank 
(Figure 2.1.2). 

 

Figure 2.1.1.  2-dimensional kernel density estimates of larval herring (<9 mm) abundance per 
sample 1971-2017 with all sample location points overlaid. Red areas indicate higher densities. 
Total sample size = 2371. 
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Figure 2.1.2.  2-dimensional kernel density estimates of larval herring (<9mm) per sample by 
decade as seen in SAW 54 with all sample location points overlaid. N = sample size and red 
areas indicate higher densities. 

 

2.2. Adult Data: DMR and Mass DMF Dockside Monitoring Data (spatial patterns) 
The Maine Department of Marine Resources (DMR) has been the lead agency for monitoring the 
US Atlantic herring fishery and has collected and processed commercial catch samples using a 
consistent methodology since 1960.  Herring samples are collected from all commercial gear 
types; purse seine, single mid-water trawl, pair mid-water trawl, small mesh bottom trawl, and 
fixed gear.  Two types of samples are collected, catch-at-age and spawn samples.  Catch-at-age 
samples are collected throughout the entire range of the US fishery, year-round, including all 
four management areas, 1A, 1B, 2, and 3.  Ports utilized for sample collection are from north to 
south. Starting in Maine at Jonesport, Prospect Harbor, Stonington, Rockland, New Harbor, 
Boothbay Harbor, and Portland.  In NH, at Portsmouth, Newington, and Seabrook.  In 
Massachusetts, at Gloucester, Fall River, and New Bedford.  In Rhode Island, at Point Judith, 
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Davisville, and Newport.  Lastly, in Cape May, New Jersey.  Catch-at-age sampling requires 
n=50 randomly selected herring per gear type, per NMFS statistical area, per week.  Spawn 
samples require n=150, adult sized herring per sample (>=23cm) during the spawn season 
(August – October) per week from all three spawn areas within Area 1A, only.  Whole lengths, 
weights, age via otoliths, gender, spawn condition via staging (see Table 2.2.1) and stomach 
fullness, and additionally, GSI calculation for spawn samples are collected (J. Becker, Maine 
DMR, pers. comm.).  The Massachusetts Department of Marine Fisheries (DMF) has additional 
data from 1998 – 2018 which were also included in this review.  

Table 2.2.1. Maturity stages/codes used in DMR dockside monitoring and NMFS trawl surveys. 
Rows in bold are stages of interest for this review (i.e., closest to spawning condition). 

  

 

The DMR data set included 17,529 samples from areas 1B, 2 and 3. Additional samples for area 
1A exist but were not included in this review. Other data included length, weight and sex. This 
rich data set allowed for explorations of spatial and temporal patterns in maturity and GSI, both 
of which can be used to infer location of spawning. In other words, spawning could be assumed 
to occur at or near areas with high mean GSI values or high densities of later stage maturity fish 
(i.e., stages 5 and 6; Table 2.2.1). 

We examined spatial patterns using both GSI and maturity stage. For GSI, we used the ‘MBA’ 
and ‘fields’ packages in R (Finley et al. 2017, Nychka 2019) to interpolate mean GSI per sample 
using multilevel B-spline approximation. This was done for the entire data set (all years and 
sexes combined) as well as by decade and with just females (Figures 2.2.1 to 2.2.7). The 
progression of GSI figures is as follows. Figure 2.2.1 shows mean GSI over the sample area 
(Areas 1B, 2 and 3) for all years. Overall, the highest GSI values tended to follow the northern 
edge of Georges Bank from Cape Cod to off of the bank near the Northern Flank. Some higher 
values were also associated with on the Bank (between Northern Flank and Southern Flank) but 
were associated with only 2 sample locations. The highest density of fishing locations was along 
the northern edge and was associated with relatively low GSI values. Figure 2.2.2 is the same as 
the previous but includes only females. The spatial pattern in GSI is similar with slightly higher 
mean GSI values (i.e., darker reds). Two areas in particular stand out as having higher GSI 
values: the Great South Channel and to the north of the Northern Flank. Figure 2.2.3 is the same 

DMR Description NMFS Description
1 immature I immature
2 starting
3 developing D developing
4 maturing
5 mature R ripe
6 ripe/running U ripe/running
7 spent S spent 
8 resting T resting

X unknown
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as figure 2.2.1 except that instead of applying the spline to the raw data (with multiple 
individuals per sample), the spline was applied to summarized data per sample (i.e., mean GSI 
per sample). The spatial pattern was again the same as in previous figures. Since spatial patterns 
were relatively consistent regardless of sex or whether samples were averaged or not, the 
following are both sexes and for whole data set (i.e., not averaged by sample). Figure 2.2.4 
shows mean GSI over sample area by decade. Note that there was not continuous sampling 
between 1971 and 2018. There was a major gap in sampling between 1983 and 1995. As such 
data was pooled between 1971 and 2000, whereas the last two decades had relatively complete 
sampling and therefore were considered separately. The spatial pattern among decades/time 
periods was relatively consistent with previous figures. Figure 2.2.5 shows the Mass DMF data 
separately. This figure shows that the Mass DMF data set is relatively limited compared to the 
DMR data set. Finally, for the splines, figures 2.2.6 and 2.2.7 show the DMR and Mass DMF 
data combined for both sexes and for females alone. Given the limited size of the Mass DMF 
data the figures are not different than figures 2.2.1 and 2.2.2.  

Figures 2.2.8 and 2.2.9 show 2-D kernel density estimates of the distribution of ripe and ripe and 
running herring, respectively (maturity stages 5 and 6 or R + U; see Table 2.2.1). In this case, 
ripe herring are most associated with the Northern Flank for the entire data set, whereas ripe and 
running herring are associated with both the Great South Channel and the Northern Flank. Figure 
2.2.10 shows the distribution of herring with GSI values greater than 0.3. This value is 
significant since it is the threshold for initiation of spawning closures in the Gulf of Maine 
(reference). In this case, the highest density of high GSI herring for all years is at the Northern 
Flank. 

Figures 2.2.11 to 2.2.13 show 2-D kernel density estimates of ripe + ripe/running (R + U), 
ripe/running only (U), and GSI > 0.3 herring, respectively by decade. Densities of R + U stage 
herring were relatively high at both the Northern Flank and Great South Channel in all decades. 
Densities of U stage herring were high in both Northern Flank and Great South Channel in 1991 
– 2000 and were highest in the Great South Channel in the decade 2001 – 2010. No ripe and 
running herring were sampled in the decade 2011 – 2018. Finally, densities of high GSI herring 
were generally highest at the Northern Flank for all decades but areas of high density also existed 
at the Great South Channel.  Consistent with all of these depictions of spawning (figures 2.2.1 to 
2.2.13) is the relatively high importance of the Northern Flank and Great South Channel for 
harboring spawning condition (or near spawning condition) herring. 
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Figure 2.2.1. Surface spline interpolation of mean male and female GSI from DMR dockside 
monitoring data  (1971-2018) 
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Figure 2.2.2. Surface spline interpolation of mean female GSI from DMR dockside monitoring 
data  (1971-2018) 
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Figure 2.2.3. Surface spline interpolation of mean male and female GSI/sample from DMR 
dockside monitoring data (1971-2018). Samples were defined as unique date/locations (i.e., 
values were averaged for each sample).  
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Figure 2.2.4. Surface spline interpolation of mean male and female GSI from DMR dockside 
monitoring data by decade (1971-2018). Note that 1971 – 2001 was pooled due to data gaps. 
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Figure 2.2.5. Surface spline interpolation of mean female GSI from Massachusetts Division of 
Marine Fisheries data (1998-2018); note: only female observations were available. 
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Figure 2.2.6. Surface spline interpolation of mean male and female GSI from combined DMR 
dockside monitoring data (1971-2018) and Massachusetts DMF data (1998-2018). 
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Figure 2.2.7. Surface spline interpolation of mean female GSI from combined DMR dockside 
monitoring data (1971-2018) and Massachusetts DMF data (1998-2018). 
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Figure 2.2.8. 2-dimensional kernel density estimates of DMR dockside monitoring data (1971-
2018) of male and female “ripe + ripe/running” herring.  
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Figure 2.2.9. 2-dimensional kernel density estimates of DMR dockside monitoring data (1971-
2018) of male and female “ripe and running” herring.  
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Figure 2.2.10. 2-dimensional kernel density estimates of DMR dockside monitoring data (1971-
2018) of male and female herring with GSI values >= 0.3. 
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Figure 2.2.11. 2-dimensional kernel density estimates of DMR dockside monitoring data by 
decade of male and female “ripe + ripe/running” herring. Decades began at 1991 because there 
were no observations of ripe + ripe/running fish prior to this. This was likely due to sampling 
timing during the year (see figure 2.3.1).  
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Figure 2.2.12. 2-dimensional kernel density estimates of DMR dockside monitoring data by 
decade of male and female “ripe and running” herring. Decades cover only 1991-2010 because 
there were no observations of ripe and running fish outside of that time frame.  



WORKING DRAFT – DO NOT CITE 
 

23 
 

 

Figure 2.2.13. 2-dimensional kernel density estimates of DMR dockside monitoring data by 
decade of male and female herring with GSI values >= 0.3.  

 

2.3. Adult Data: DMR Dockside Monitoring Data (temporal patterns) 
The DMR dockside monitoring data was comprehensive enough to allow for temporal 
comparisons using GSI values. Here, mean GSI values were calculated by month and by year 
and are presented as heat maps using the ‘ggplot2’ package in R (Wickam 2016). Figure 2.3.1 
shows mean GSI by month and year for the entire data set. This figure shows the temporal 
distribution of sampling effort. Particularly, sampling was confined to the early months (January 
– April) for the first half of the data set. It was not until the mid to late 90s that sampling 
occurred year-round. From the 1990s on, the highest mean GSI values occurred in September 
and October. The limited sampling that took place in November suggests that spawning is 
completed by October, although only 3 years had data for November. There did appear to be 
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some higher GSI values in March in the early half of the data set. However, these values did not 
approach those seen in the fall.  

Since management actions for spawning herring in the Gulf of Maine are based on the 
appearance of fish (any number) with GSI values greater than 0.3 (reference), we considered 
patterns in GSI at the high end of the distribution (the 90th quantile; i.e. the value at which 90% 
of the values are smaller). This exercise had the effect of revealing herring in spawning condition 
earlier than if mean GSI is considered (i.e., in August of some years; Figure 2.3.2). Figures 2.3.3 
and 2.3.4 show the 90th quantiles by month and year for females and males separately. In this 
representation, females had higher quantile values and shorter periods during which values are 
elevated. We also explored whether the timing of peak GSI values differed between regions. The 
spatial analyses suggest that there are eastern and western components to spawning on Georges 
Bank (i.e., Northern Flank versus Great South Channel; previous section). We chose -68.7 
degrees longitude to divide Georges Bank from Nantucket Shoals and the Great South Channel. 
We also considered Southern New England separately from these two. In this case, the cutoff 
between SNE and Georges Bank/Nantucket Shoals was -70.5 degrees longitude. There did not 
appear to be any difference between the timing of spawning between Georges Bank (eastern 
region) and Nantucket Shoals/Great South Channel (western region). Peak values for females 
were in September and October for both regions. Southern New England samples were clustered 
earlier in the year and showed no obvious sign of a spawning period; although higher GSI values 
in males in February and March in the 1970’s may be indicative of spring spawning during this 
time. 
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Figure 2.3.1.  Mean GSI by month and year for entire DMR data set (both sexes). 

 



WORKING DRAFT – DO NOT CITE 
 

26 
 

 

Figure 2.3.2.  90th quantile of GSI values by month and year for entire DMR data set (both 
sexes). 
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Figure 2.3.3.  90th quantile of GSI values by month and year for females. 
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Figure 2.3.4.  90th quantile of GSI values by month and year for males. 



WORKING DRAFT – DO NOT CITE 
 

29 
 

 

Figure 2.3.5.  90th quantile of GSI values by month and year and by location and sex. See text 
for description of locations. 

 

2.4. Adult Data: Trawl Survey 
We examined spatial and temporal patterns in maturity for herring sampled as part of biological 
processing during the Northeast Fisheries Science Center’s spring and fall trawl surveys 
[Description of trawl survey sampling methodology pending]. While the trawl surveys have been 
operating since the 1960’s, biological sampling for herring did not begin until 1987. Thus, our 
sample period includes the years 1987 – 2018. During this time, a total of 46,242 (28,878 spring 
and 17,364 fall survey) herring were sampled for length, weight, age, sex and maturity from 
6,650 trawl sets. Thus, an average of 7.0 herring were sampled per set. Sampling intensity was 
higher in the spring than in the fall (8.5 versus 5.4 herring per set). The parameter of interest for 
this review was maturity stage. Maturity stages were as follows: immature (I), developing (D), 
ripe (R), ripe and running (U), spent (S), and resting (T). See table 2.2.1 for how these codes 
translate to DMR codes. We considered two stages as potentially indicative of spawning 
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locations. That is, if herring in spawning stages R or U were captured, they were inferred as 
being close to spawning grounds since they were in near or actual spawning condition. In reality, 
herring in maturity stage U would be the closest to spawning and therefore most likely to be near 
spawning grounds. 

The location of herring in maturity stages R and U were mapped using a 2-D kernel density 
estimator in the package ‘MASS’ (Ripley et al. 2019) in R (R Core Team 2019). This was done 
for all samples combined by season (i.e., spring and fall separately), and for different decades 
(by season). In this case, ‘decades’ were as follows: 1987 – 1990, 1991 – 2000, 2001 – 2010, and 
2011 – 2018. For eventual incorporation of spatial depictions of spawning condition herring as 
layers in our consensus figures (see below), we considered polygons containing density values of 
0.2 or greater (arbitrary). 

For all the fall data combined, the location of ripe and ripe/running (R + U) herring was 
throughout the northern edge of Georges Bank with higher densities near the Great South 
Channel and the Northern Flank (Figure 2.4.1). Figure 2.4.2 shows the same data over different 
decades. Higher densities of R + U herring were found primarily on the western side of Georges 
Bank in the 1980’s and 1990’s. The distribution of R + U herring appeared to shift to the eastern 
side in the 2000’s and in the most recent decade there are two areas of high density in both the 
east and the west. Figure 2.4.3 shows just maturity stage U herring from the fall survey from all 
years. Two areas of high density are evident in the Great South Channel (western side) and the 
Northern Flank (eastern Georges). The areas of high density of U stage herring shifts from 
decade to decade. It was highest in the west in the 1980’s and 1990’s, highest in the east in the 
2000’s and in the most recent decade it appears to have shifted back to the west, although 
densities were quite low. The density of spawning herring (maturity stage U) from the spring 
trawl survey are shown in figure 2.4.5. Only 9 of 28,878 samples were in maturity stage U 
confirming that spawning does not take place on Georges Bank in the spring. Similarly, only 179 
herring were in maturity stage R in the spring (all years combined; not plotted). 
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Figure 2.4.1.  2-dimensional kernel density estimates of ripe (mat stage R) and ripe/running (mat 
stage U) herring from fall trawl survey. Sample size is indicated; smaller number for samples in 
mat stage R + U and larger number for total sample size.  
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Figure 2.4.2.  2-dimensional kernel density estimates of ripe (mat stage R) and ripe/running (mat 
stage U) herring from fall trawl survey by decade. All sample locations are shown as points. 
Sample size is indicated; smaller number for samples in mat stage R + U and larger number for 
total sample size by decade.  
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Figure 2.4.3.  2-dimensional kernel density estimates of ripe/running (mat stage U) herring from 
fall trawl survey. Sample size is indicated; smaller number for samples in mat stage U and larger 
number for total sample size.  
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Figure 2.4.4.  2-dimensional kernel density estimates of ripe/running (mat stage U) herring from 
fall trawl survey by decade. All sample locations are shown as points. Sample size is indicated; 
smaller number for samples in mat stage U and larger number for total sample size by decade.  
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Figure 2.4.5.  2-dimensional kernel density estimates of ripe/running (mat stage U) herring from 
spring trawl survey (all years combined). Sample size is indicated; smaller number for samples 
in mat stage U and larger number for total sample size. 

 

2.5. Food Habits Database (Herring Eggs in Diet of Groundfish) 
Food habits data from the Northeast Fisheries Science Center Food Web Dynamics Program 
were explored for occurrences of Clupeidae eggs and Clupea harengus eggs as prey between 
1973 and 2017 (B. Smith, pers. comm.). These data covered the entire Northeast US continental 
shelf and consist of approximately 650,000 total samples. There were only 113 observations 
from 10 hauls that contained herring eggs. Most of these samples were Clupeidae eggs and only 
a few were identified to the level of Clupea harengus eggs. All observations occurred between 
late September and early November. Years where herring eggs were identified included 1989, 
1993, 1994, 1995, 1997, 1998, and 2005. Due to the limited amount of data we only explored the 
locations where these herring eggs were present, most of which were in the northeast section of 
Nantucket Shoals and a few occurances on the northeast edge of Georges Bank (figure 2.5.1). 
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These locations are generally consistent with herring egg essential fish habitat identified in 
Ammendment 5 to the herring fishery management plan (figure 2.3). 

 

Figure 2.5.1. Locations of herring eggs observed in 113 NEFSC diet samples from 10 hauls 
(1989, 1993, 1994, 1995, 1997, 1998, 2005).  

 

2.6.  Industry Interviews 
We conducted interviews with a representative of each of the mid-water pair trawls to gain a 
perspective from industry on where spawning takes place for herring and their overall thoughts 
on the topic. In general, industry felt that there was not one specific area that you would catch 
spawning herring and that it varies year to year. One group could not envision how a closure 
would work on George’s Bank due to the variability from year to year in spawning and cautioned 
that a closure on GB would cripple the midwater fleet. Another group did not believe that the 
midwater fleet is interacting with spawning herring on GB; in their experience, it is a rare event 
to catch spawning herring. This coincides with some of the data we analyzed (particularly the 
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DMR data) where a large percentage of trips resulted with no spawning herring being sampled 
(figure 2.6.1).  

 

Figure 2.6.1. Histogram of GSI values from DMR dockside monitoring data. Only 418 of the 
17,529 (2.4%) samples had GSI values > 0.3. This agrees with fishermen’s experience of not 
seeing many spawning herring on Georges Bank. 

 

The fishermen interviewed believe that the bottom type where they fish (sandy bottom with no 
structure and a tide of 2 knots) is not conducive to spawning. They believe that fish are spawning 
more along the shoal waters along the Northern edge of GB where the habitat is better suited for 
spawning (as is supported by the data; e.g., figure 3.3). They do not fish in that area of GB due to 
the possibility of tearing up their nets. There was one group of fishermen who informed us of the 
general areas where you can catch herring that have roe and where they spawn. Fish with roe can 
occur along the whole edge of GB from Canada to the Cape between August and November. 
There were a couple areas where they have caught spawning fish including the Northern edge 
east of the 1300 line in 50 fathoms,  near the “BB” buoy south of Chatham, and when there are 
small fish (non-spawning) to the east you can find the large spawning fish near Cultivators 
Shoal. They used to find spawning fish inside the channel but have not seen any in a while. It 
was noted that all the spawning fish were large and of very good quality. 

Each representative had their own explanations on the issue and offered ways to remedy the 
issue. Many would like to see more sampling including tagging programs, otolith work, surveys 

GSI
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that include multiple gear types and have industry data included in assessments. They believe 
that the small fish are present and that we will see this with more sampling. One group was 
worried about herring shifting where they spawn. Until about ten years ago, they would catch 
herring from Virginia up to Long Island while targeting mackerel. One captain has heard reports  
that there have been eight trips to Georges Bank with no herring and fears that they have shifted 
to Canadian waters where there have been reports of herring landed in large quantities.  

One of the groups highlighted that when they catch spawning herring, they are also catching a 
larger amount of haddock than they have ever previously caught. He used to find only a couple 
haddock mixed in with spawning herring, but with the rebound of haddock he is finding more 
and more haddock mixed in with the spawning herring. He believes that the haddock are 
consuming the herring as well as the eggs and either lowering the recruitment or possibly forcing 
the herring to spawn in new areas that may not be as suitable. It was also raised by a group of 
captains (who are also able to purse seine) that if they were allowed to target mackerel using a 3 
inch brailer instead of the normal 1 inch brailer, it would reduce the amount of small mackerel as 
well as limit the herring bycatch. Both changes in target fish would reduce the pressure on 
herring while allowing them to fish on a healthy stock. The abundance of river herring is another 
area of concern, one captain has seen more than ever before and believes that the river herring 
are taking over prime areas. Historically, the large balls of herring were able to push the river 
herring away from the prime feeding areas but with the smaller amounts of herring he doesn’t 
believe they are able to compete with the river herring for the prime areas. All of the groups we 
interviewed were appreciative that we reached out to industry and welcome more science and 
research into the issue. 

2.7. Observer Data 
Northeast Fisheries observer comments from all gear types and fisheries were explored for 
accounts of spawning Atlantic herring (1989-2019) and herring eggs (2008-2019) (G. 
Chamberlain, pers. comm). There were very few entries of hauls where captains classified catch 
as spawning herring. A large amount (> 5,000) of comments recorded by observers contained 
unclassified fish eggs or unclassified eggs, but observations could not be classified as Atlantic 
herring eggs with confidence. These comments were too limited to make inferences about 
location and timing of spawning herring or herring eggs.  

 

3. Building a Consensus  
Similar to DeCelles et al (2017) we applied a consensus approach to identifying spawning areas 
on Georges Bank and Nantucket Shoals. We layered polygons from multiple sources to examine 
areas of overlap which are inferred as more consistent areas of spawning. Data layers for this 
exercise included historical data layers from Olsen et al (1977) (figure 2.2), egg EFH (NEFMC 
2013) (figure 2.3), eggs in diet of groundfish (i.e., food habits database; figure 2.5.1), larval data 
(figure 2.1.1), DMR dockside monitoring data (specifically, maturity stage 6; figure 2.2.9), and 
trawl survey data (maturity stage U; figure 2.4.3). Maps were georeferenced in Google Earth 
where polygons were created and saved as KML files which were layered on top of each other in 
R (citation). The resultant map is shown in figures 3.1 (colored by data source) and 3.2 
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(monochrome). In general, all spawning associated activity, from ripe and running adults to 
evidence of eggs, occurred along the northern edge of Georges Bank from Cape Cod to the 
northern flank. However, there were also areas of high overlap of multiple data sources that may 
indicate more consistent spawning. These include an area to the west of the great south channel 
(northern Nantucket Shoals) and an area on the northern flank. Note how adults tend to aggregate 
to the north of putative spawning areas (in deeper water or near the edge of the bank), egg areas 
tend to be up on the bank and larval areas tend to be downstream of these areas. Figure 3.3 
shows the areas of highest overlap (i.e., where 3 or more sources agreed). In this case, two 
distinct areas emerged; one to the west of the Great South Channel and the other on the Northern 
Flank. 

Figure 3.4. shows overlap of data sources by decade. Here, only larval, DMR and trawl survey 
data were used since these had records that spanned multiple decades. While harder to infer 
consensus areas due to smaller data sets, spawning appeared to move from the west in the 
1980’s, to across the northern edge of the shelf in the 1990’s and 2000’s to distinctly west and 
east areas in the 2010’s. 

We also considered overlap of areas of high density of maturity stage R + U herring from both 
DMR data and the trawl survey over each decade (figure 3.5). Similar to other depictions, this 
showed areas of high overlap, among decades and data sets, at the Great South Channel and the 
Northern Flank. Consensus areas from this figure are shown in figure 3.6 (where 4 or more 
polygons overlapped). Figure 3.7 shows how this compares to the consensus areas shown in 
figure 3.3. Again, it appears that the adult spawning condition herring tend to aggregate slightly 
to the north and off the bank compared to consensus areas that include eggs and larval herring 
(more on the bank).  



WORKING DRAFT – DO NOT CITE 
 

40 
 

 

Figure 3.1.  Areas of overlap between multiple data sources including data from food habits 
database (diet data; figure 2.5.1), larval monitoring (figure 2.1.1), egg EFH (figure 2.3), 
historical spawning grounds (figure 2.2), DMR dockside monitoring (mat stage U; figure 2.2.9), 
and fall trawl survey (mat stage U; figure 2.4.3). 



WORKING DRAFT – DO NOT CITE 
 

41 
 

 

Figure 3.2.  Same as figure 3.1 but all in same color to highlight areas of overlap through 
shading. 
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Figure 3.3.  Consensus areas from figure 3.2 where 3 or more overlaps occurred between 
different data sources 
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Figure 3.4.  Overlap areas of spawning between different data sources by decade. 
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Figure 3.5.  Overlap areas for maturity stage R+U herring from both DMR and trawl survey data 
sets for multiple decades (see figure 3.3). 
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Figure 3.6.  Consensus areas from figure 3.3 where 4 or more overlaps occurred between 
different data decades and data sources (DMR and trawl survey data). 
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Figure 3.7.  Comparison between consensus areas using all data sources (areas with black 
borders) and those from multiple decades using mature fish (mat stage R+U) only (red shaded 
areas). 

 

4. Fishing Effort 

Consensus spawning areas were compared to maps of fishing effort. The DMR dockside 
monitoring database was used as a first layer since this approximates fishing effort in space. 
Figure 4.1 shows the 2-D kernel density estimates of sample locations from the whole DMR 
dataset. Fishing effort was concentrated along the northern edge of Georges Bank with high 
densities seen near the Northern Flank which overlapped partially with an area of high spawning 
activity. Another area of high sample density was seen to the east of the Great South Channel 
and did not overlap with the area of high spawning activity in that region. Figure 4.2. shows 
effort variation among decades from the DMR data. In every decade, there was some overlap 
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with the spawning area at the Northern Flank and little to no overlap with the spawning area near 
the Great South Channel. 

Effort data was also provided in the form of raster layers of herring fishing revenue for the years 
2007-2017 (Benjamin et al 2018). A similar picture emerged from this data. Particularly, fishing 
effort was concentrated along the northern edge of Georges Bank and overlapped somewhat with 
the spawning area on the Northern Flank (Figure 4.3). Figure 4.4. shows how effort varies 
among sets of years. In the most recent years (2016/2017), herring revenue was concentrated 
near the Northern Flank spawning area and less spread out along the edge as in previous years. 

 

Figure 4.1.  2-dimensional kernel density estimates of fishing effort during spawning season 
(September and October; see figure 2.3.1) for all years from DMR dockside monitoring (i.e., 
location of industry samples). Total sample size is shown. Boxes enclose consensus spawning 
areas from figure 3.3. 
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Figure 4.2.  2-dimensional kernel density estimates of fishing effort during spawning season 
(September and October; see figure 2.3.1) by decade from DMR dockside monitoring (i.e., 
location of industry samples). Sample sizes are shown. Boxes enclose consensus spawning areas 
from figure 3.3. 
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Figure 4.3. Fishing effort as herring revenue ($/0.25km2) for the period 2007-2017. Data from 
Benjamin et al (2018). Boxes enclose consensus spawning areas from figure 3.3. 
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Figure 4.4. Fishing effort as herring revenue ($/0.25km2) for 4 3-year periods from 2007-2017. 
Data from Benjamin et al (2018). Boxes enclose consensus spawning areas from figure 3.3. 

 

4. Research Recommendations 
The following research recommendations were developed by the Herring PDT during review of 
this draft report. The Herring PDT includes all the members of the ASMFC Atlantic Herring 
Technical Committee. These recommendations are provided in this document as input on any 
future research that may be developed in the region on this topic.   

Overall PDT input: Overall, the easiest and most cost effective approach is likely enhancing 
portside sampling efforts, followed by potentially enhancing collection of spawning data by at-
sea observers and ASM. A fishery independent survey would be costly, and would take five or so 
years to complete; however, it would provide data from the entire area and season, not just where 
and when the fishery operates. Finally, it is important to note that the herring stock is currently at 
low abundance; therefore, research conducted now may not be representative of spawning 
behavior when herring biomass is larger.   
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1. Enhance portside sampling efforts  

There is currently portside sampling occurring throughout the fishery, including herring trips 
from Georges Bank. However, the total number of trips from that region is much lower than the 
GOM for a variety of reasons, e.g. seasonality of the fishery, increased costs to fish offshore, 
sampling efforts are more concentrated in Maine and Massachusetts, etc. Therefore, while the 
current system is capable of sampling trips from GB, the current level is insufficient to track 
spawning activity on GB. The current portside sampling provides some information on 
seasonality of spawning on Georges Bank, but given how much this can change annually 
(approx. 5-6 weeks), there is a need for dedicated processing of portside samples over multiple 
years. An enhanced program could be designed to specifically target trips from GB during the 
spawning season. More resources could be used to increase the number of future samples, 
targeting trips from GB as described above. If there are any samples that have not been 
processed those should be prioritized first, and then efforts to increase the number of samples 
from trips on GB.  

2. Develop a new spawning survey of Atlantic herring on GB 

A fishery independent sampling of herring and spawning condition on GB would be useful, but 
may be cost prohibitive, i.e. $200,000 a year or more. Specific stations and seasons would need 
to be identified in advance, and could be sampled using fishing gear, survey gear, and/or 
acoustics. The overall design could be similar to the acoustic survey previously conducted by 
NEFSC on GB.  The survey should probably span about five years to capture annual variability, 
with multiple stations targeting herring during spawning season across the area including places 
the fishery does not operate. While somewhat dated and limited, there is previous research and 
published literature on this topic that will hopefully be part of the NEFMC discussion document. 
Due to the relatively large expense of this approach, it may be prudent to fully evaluate past 
literature and research first, and then identify any knowledge gaps specific to management needs 
before a large spawning survey is funded. 

3. Examine the feasibility of collecting spawning data at-sea by observers and ASMs, and on 
land by portside samplers 

The Fisheries Sampling Branch (FSB) could examine the possibility of collecting spawning data 
at sea on observed trips (NEFOP and ASM) if conditions allow. If it is feasible to collect these 
data at sea then new data fields could potentially be added or even a separate data collection 
sheet (e.g. total weight of fish, gonad weight, and spawning condition). Information like this 
could provide complementary spawning data, at a superior spatial scale (tow by tow vs averaging 
location in stat area), to what is being collected through portside sampling efforts. It’s understood 
that adding fields would likely slow down the work of observers, and may require some post 
processing of fish samples taken at sea. It could cost more to have portside samplers do this work 
dockside, so it may even be possible for portside samplers to send NEFOP samples that could be 
worked up by NMFS at a later time instead.  

The federal Atlantic herring fishery (midwater trawl) portside sampling program is scheduled to 
begin in April 2020. The collection of spawning data is not currently part of that sample design 
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and was not included in draft regulations. Therefore, there would be additional costs and details 
that would need to be considered. The federal portside program may be a potential source of 
spawning data from landed catch in the future, but many details would need to be considered 
first. 

  



WORKING DRAFT – DO NOT CITE 
 

53 
 

5. References 
 

To be completed 
 


	I. Preamble
	1. Background
	1.1. Herring Spawning Biology
	1.2. Previous Considerations of Herring Spawning in New England Fisheries Management
	1.3. Herring Spawning and Management Around the World

	2. Consideration of Existing Maps and Data Sets
	2.1. Larval data
	2.2. Adult Data: DMR and Mass DMF Dockside Monitoring Data (spatial patterns)
	2.3. Adult Data: DMR Dockside Monitoring Data (temporal patterns)
	2.4. Adult Data: Trawl Survey
	2.5. Food Habits Database (Herring Eggs in Diet of Groundfish)
	2.6.  Industry Interviews
	2.7. Observer Data

	3. Building a Consensus
	4. Research Recommendations
	5. References

