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< A >Abstract

Fish populations with broad age distributions are expected to have higher reproductive capacity
than age-truncated populations because of the disproportionate contributions of older fish.
Harvest slot limits, an expected means of ameliorating age truncation, are modeled for Tautog
Tautoga onitis in an overfished population subunit that is experiencing overfishing. Tautog,
currently managed by a 40 cm minimum size limit (MSL), is a candidate species for slots
because it is relatively long-lived, slow-growing, with low discard mortality. We evaluated
changes in biomass and abundance-at-age relative to management with the current MSL
regulations using a forward population simulation model for four slots: 3545 (small-wide), 38—
42 (small-narrow), 40-50 (large-wide), and 43—47 (large-narrow) cm, inclusive. Angler
behavioral responses were evaluated at 0%, 10%, and 20% noncompliance with the upper slot
limit. The biomass and number of fish removed are reduced with harvest slot limit management,
relative to the MSL, but because the harvest is redirected to smaller fish the reduction in numbers
removed is not as large as the reduction in biomass removed. Slot limits broadened the age
structure within 10 years by reducing fishing mortality on extant fish. Median spawning stock
biomass (SSB) recovered more quickly in three of the slots than with MSL regulation (three to
six years to reach SSByesnolq @5 compared to nine years with MSL management). We concluded
that harvest slot limits can broaden age structure and restore biomass in overfished fisheries, but
should be evaluated when managing coastal fisheries as a reduction in biomass removed is
required.

< A >Introduction

Fishing truncates fish population size structure and age structure due to increased
mortality rates on larger and older individuals. This is a global pattern; 61 of 63 fished
populations displayed a decreased proportion of individuals in the oldest age classes (Barnett et
al. 2017). While fisheries theory predicts some positive effects of size and age truncation, for
example, reduced intraspecific competition and increased individual growth rates (Silliman and
Gutsell 1958; Arlinghaus et al. 2010; Kindsvater and Palkovacs 2017), truncation can have long-
lasting negative impacts. Offspring quantity may be reduced in populations with truncated
size/age structure because, on a per-weight basis, larger females produce more offspring than
smaller females (e.g. LaPlante and Schultz 2007). Offspring quality may also be reduced in

populations with truncated size/age structure, as older fish in some species produce faster
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growing and more provisioned offspring than younger fish (maternal effects, Berkeley et al.
2004; Sogard et al. 2008; Carr and Kaufman 2009; but see Marshall et al. 2010). Populations
with truncated size/age structure have exhibited reduced resilience (i.e. the buffering capacity in
response to environmental change) and increased recruitment variability (Anderson et al. 2008;
Cooper et al. 2013). Thus, even when biomasses are equivalent, stocks composed of younger fish
may be less resilient (to fishing and environmental fluctuation) and have lower recruitment than
stocks composed of older fish (Wright and Trippel 2009; Rouyer et al. 2011; Botsford et al.
2014; Hixon et al. 2014; Barneche et al. 2018). Conversely, if a truncated age structure is
broadened, then recruitment variability may decrease and resilience may increase. Methods to
reverse age truncation have been proposed but there remains a dearth of case studies that
evaluate species-specific strategies to broaden age structure in the context of actionable

management measures.

Truncated age structures can be broadened by reducing fishing mortality on larger/older
individuals through modifying fishery selectivity (age-specific vulnerability). Various means of
modifying selectivity include: marine reserves (Palumbi 2004; Berkeley 2006), gear
modifications (Fauconnet and Rochet 2016; Garner et al. 2017), and harvest length regulations
(Berkeley 2006; Cooper et al. 2013; Hixon et al. 2014; Gwinn et al. 2015; Le Bris et al. 2018).
Here we focus on harvest length regulations because of their widespread and effective use in
recreational fisheries management (van Poorten et al. 2013). Typically, harvest length
regulations consist of minimum size limits (MSL, producing an asymptotic selectivity curve)
which can reduce the abundance of the largest/oldest fish. When additional harvest reduction is
required the minimum size is often increased, focusing the harvest on an ever-decreasing pool of

larger, older, fish. In contrast, harvest slot limits—where only fish within a prescribed size range
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may be harvested and the others must be released— disproportionately select fish within the slot
(producing a dome-shaped selectivity curve). Harvest slot limits should protect older individuals

and could also be effective at achieving management objectives.

Harvest slot limits have been implemented in limited marine commercial (Le Bris et al.
2018) and marine recreational fisheries (Armstrong et al. 1996; Pierce 2010; Powers et al. 2012;
ASMEFC 2013; Muller et al. 2015; Schmidtke et al. 2017; FL FWCC 2019; MD DNR 2019; NYS
DEC 2019; WA DFW 2019; GMFMC 2020). In some marine recreational fisheries, harvest slots
have been implemented and, apparently, not evaluated. While in other marine recreational
fisheries, harvest slot limits have been evaluated, but not implemented (Leaf et al. 2008; Dippold
et al. 2016; Morson et al. 2017). These case studies, however, did not explicitly explore the
effects of broadening age structure on the population. A case study of Red Drum Sciaenops
ocellatus, which was managed by slot limits, estimated the daily bag limit required to meet the
management target but did not project the changes in the population dynamics as a result of such
regulatory changes (Vaughan and Carmichael 2002). Other contributions modeled the impact of
harvest slot limits on the age structure of Black Rockfish Sebastes melanops and simulated
species (Berkeley 2006; Gwinn et al. 2015, respectively). In these examples, harvest slot limits
are predicted to protect older age classes (Berkeley 2006) and increase the catch of trophy fish
(Gwinn et al. 2015). These studies, however, did not evaluate the use of harvest slot limits as a
tool to simultaneously rebuild spawning stock biomass (SSB) and broaden age structure in

overfished-age-truncated stocks currently in need of directed management.

Here we provide a case study simulating the implementation of harvest slot limits on a
species regionally popular among marine recreational anglers, Tautog Tautoga onitis. Tautog is

cooperatively managed through the Atlantic States Marine Fisheries Commission (ASMFC);
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