
-  The	applica+on	of	slot	limits	to	the	summer	flounder	recrea+onal	fishery	has	the	poten+al	to	simultaneously	achieve	mul+ple	management	objec+ves,	
including	conserva+on	of	female	biomass	under	a	fixed	harvest	rate.	

-  The	slot	limits	deemed	suitable	were	all	narrow,	ranging	from	two	to	four	inches	wide,	and	o@en	contained	the	current	minimum	size	limit	within	the	slot	
limit.	

-  Op+mal	and	suitable	slot	limits	varied	with	sex	and	length	composi+on	at	each	sampling	loca+on.	

-  Given	several	assump+ons	inherent	in	the	analysis	(ex.	fixed	fishing	effort	under	alterna+ve	slots,		fixed	catch	composi+on),	results	should	be	viewed	as	
op+mal	given	the	observed	catch	composi+on	for	the	year,	loca+ons,	and	modes	sampled	and	further	evalua+on	of	interannual,	spa+al,	and	mode-specific	
dynamics	is	warranted.	
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Conclusions	

Sampling	Procedures	

	
-  Samples were collected on board for-hire recreational fishing boats from late May through September, 2016.  
-  The total length of all summer flounder caught on each sampling trip was recorded.  
-  A subset of discarded fish from a range of fish lengths and water depths were sacrificed, retained on ice, and brought back to the 

lab to determine sex.  Length- and depth-specific keys were developed from these fish and applied to sex all unsexed discards. 
-  Sex of all landed fish was recorded on all sampling trips. 

	

Female	Gonad	 Male	Gonad	

•   Sex-selective harvesting can alter sex ratio and 
negatively affect stock productivity. 

•  The influence alternative management actions could 
have on the sex composition of the recreational catch 
cannot be evaluated because no information is available 
on the sex composition of discarded summer flounder in 
this fishery. 

Objec&ves	

•  Collect representative sex and length composition data 
from the recreational summer flounder catch (landings 
and discards). 

•  Determine whether slot limits have the potential to 
achieve a more sex-balanced recreational harvest. 

Analyses	

New	Jersey	 New	Jersey	

DEFENITIONS	
Suitable	Slot	Limit	=	Any	slot	limit	that	resulted	in	a	total	number	dead	within	+/-	10%	of	
the	observed	total	number	dead	(fixed	fishing	mortality).	
Op&mal	Slot	Limit	=	The	Suitable	Slot	Limit	that	resulted	in	the	largest	reduc+on	in	dead	
female	biomass.	
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Figure	1.		Total	number	(A)	and	weight	(B)	of	male	and	female	summer	flounder.		
Solid	line	represents	propor+on	female-at-length.		Ver+cal	dashed	line	represents	
the	18-inch	minimum	size	limit.	
	

Figure	2.		Total	number	of	male	and	female	summer	flounder	at	each	sampling	
loca+on.		Solid	line	represents	propor+on	female-at-length.		The	op+mal	slot	limit	(see	
defini+on)	for	each	sampling	loca+on	is	represented	by	a	shaded	box.		The	change	in	
dead	female	biomass	going	from	an	18-inch	size	limit	to	this	slot	is	indicated	inside	each	
box.	
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Pt.	Judith,	RI	

Captree,	NY	

Montauk,	NY	

Atlan+c	Highlands,	NJ	

-31%	

-58%	
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Results	

Table	1.		Simulated	slot	limits	and	associated	performance	metrics	for	those	slots	that	were	deemed	suitable	and	op/mal	at	each	sampling	loca+on.		In	parentheses	next	to	each	outcome	is	
the	propor+onal	change	from	the	observed	metric	under	an	18-inch	minimum	size	limit	to	the	metric	calculated	using	the	slot	limit.	
	

Performance	Metrics	
	
1.  Total	Number	of	Dead	Fish	(landings	+	

dead	discards)	

2.  Biomass	of	Dead	Females		

3.  Ra+o	of	Dead	Discards	to	Total	Number	
Dead	

Simula+on	of	Slot	Limits	
	
-  Catch	composi+on	(number	and	weight	at	

length	by	sex)	was	fixed	at	what	was	
observed.	

-  Slot	limits	evaluated	ranged	from	14	to	21	
inches	and	varied	in	size	from	2	to	7	inches	
wide.		

-  All	fish	within	a	simulated	slot	limit	were	
deemed	kept	(no	bag	limit).	

	

Berkeley et al. 2004; Birkeland and Dayton 2005; Hixon et al.
2013; Shelton et al. 2015; Stige et al. 2017).

Slots limits offer an alternative management approach to tradi-
tional minimum size limits in that they restrict landings to some
intermediate range of sizes while large and small fish are released
(Gwinn et al. 2013). In the Summer Flounder recreational fishery,
it was previously demonstrated that slot limits have the potential to
increase landings in numbers under afixed fishing exploitation rate
by weight (Bochenek et al. 2010; Powell et al. 2010). If smaller
males are vulnerable to recreational fishing effort, a similar
approach that redirects some fraction of the fishing mortality
toward smaller-sized fish may also balance the fishing mortality
with respect to sex. However, the only information available on the
sex composition of the Summer Flounder recreational catch comes
from fish that were landed and are therefore larger than the mini-
mum size limit (Morson et al. 2012, 2015). Without an estimate of
the sex composition for fish below the minimum landing size, it is
not possible to evaluate the sex-specific outcomes of such alter-
native management options.

Here we evaluate the potential for slot limits to produce a
sex-balanced harvest in the recreational Summer Flounder
fishery. To estimate the size- and sex-specific vulnerability,
we sampled all landed and discarded fish caught by recrea-
tional anglers on select party boats from New Jersey to Rhode
Island during the 2016 recreational fishing season. We then
examined the performance of a wide array of slot limits to
estimate which would have promoted a more sex-balanced
harvest while maintaining a fixed fishing mortality given the
observed catch composition.

METHODS
Field program.—Data collection focused on three states: New

Jersey, New York, and Rhode Island; and one fishing mode: for-
hire mode. In 2016, these states accounted for 82% of the total
catch by state; however, the for-hire fishing mode accounted for
only 5% of the total catch by mode. While the for-hire mode
accounted for only a small fraction of the total catch, the private
mode, which accounted for 89%, operated across a similar spatial
scale. In 2016, 34% and 31% of the total catch in the for-hire and
private modes, respectively, came from open ocean waters less
than or equal to 3 mi from the coast. In the same year, 42% and
54% of the total catch in the for-hire and private modes,
respectively, came from inland waters (National Marine
Fisheries Service [NMFS], Fisheries Statistics Division, personal
communication). Given the two fishing modes access the same
areas, data collection focused on the for-hire mode. The larger, for-
hire vessels had space for up to 75 anglers, which significantly
increased the sample size potential on any one sampling trip.

Data collection spanned one entire recreational fishing
season from May 23, 2016, through September 16, 2016.
Fish were collected bi-weekly aboard participating fishing
vessels from Cape May (eight trips) and Atlantic Highlands

(eight trips), New Jersey; Captree (nine trips) and Montauk
(10 trips), New York; and Point Judith, Rhode Island (six
trips; Figure 1). The total length of every Summer Flounder
caught, whether landed or discarded, on each trip was
measured. In addition, the sex for all landed Summer
Flounder was recorded. Since Summer Flounder must be
dissected to determine sex, 10 discarded fish were also
sacrificed within predetermined fish length and water
depth bins on each sampling trip (Table 1). A sex ratio—
by depth bin, length bin, and trip—was applied to any
unsexed discarded fish to assign sex to the entire discarded
portion of the catch (Table 1).

Analysis.—To estimate the effect of different slot limits on
three performance metrics—the total number of dead fish
(landings + dead discards), the biomass of dead females,
and the ratio of dead discards to total number dead—we
simulated outcomes from 21 potential slot limits. The
smallest lower size limit evaluated was 14 in (the minimum
size limit in the commercial fishery), and the largest upper
size limit evaluated was 21 in (the largest minimum size ever
implemented in the recreational Summer Flounder fishery).
The width of the slot limits varied from a minimum width of
2 in to a maximum width of 7 in.

A slot limit can be defined several ways, but here we are
referring to a regulation where only fish within a minimum
and maximum size limit could be kept, while all fish that are
greater than the maximum size or less than the minimum size
must be discarded. Since we did not record catch rate per
angler and therefore could not evaluate alternative bag limits
within a given slot limit, all fish between the minimum reten-
tion size and maximum retention size of a slot limit were
assumed to be kept (no bag limit). Each slot limit was imposed
on the observed catch and catch composition data overall as
well as by location and depth category, assuming effort was
fixed at what was observed. Finally, 10% mortality was
applied to all discarded fish in conformity with the recreational
discard mortality rate currently applied in the Summer
Flounder stock assessment (Terceiro 2016).

To convert observed individual fish lengths (in) to esti-
mated individual fish weights (lb), we applied sex-specific
parameters from Morse (1981) for the equation

w lð Þ ¼ αlβ:

The total number dead Nd for each simulated slot limit s was
calculated as

Nds ¼ NLs þ 0:10% NDsð Þ;

where NL is the total number of fish that were landed, and ND

is the total number of fish that were discarded. The biomass of
dead females, Fd, was calculated as
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