A. Stock assessment appendices for Atlantic Surfclams in the US
EEZ
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'Appendix Al: Surfclams in New York and New Jersey state waters:

Many thanks to Jeff Normant of the New Jersey Division of Fish and Wildlife and Debra Barnes and
Jennifer O’Dwyer of the New York State Department of Environmental Conservation for data and assistance

with this report.
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The states of New York and New Jersey support surfclam fisheries in their territorial waters not covered
by the NEFSC clam survey. The two states have carried out their own annual or semi-annual surveys of
the resource since 1992 and 1988, respectively. Commercial and survey data from state waters are
important in this assessment of the federally managed EEZ stock given the biological linkage between
state waters and the EEZ, the productivity and importance of fisheries in state waters, and the possibility
of environmental effects in southern surfclam habitat. New York and New Jersey state waters have
historically been excellent habitat for surfclams, but there is evidence of declining recruitment to the
population in both states. The percentage of landings harvested from state waters has been falling since
2001 (Figure 1).

The New York and New Jersey state surveys

The New Jersey State survey is conducted annually by the New Jersey Department of Environmental
Protection from a commercial clam vessel with a commercial hydraulic dredge, most recently the F/V
Ocean Bird. The survey has been conducted since 1988, and has followed a stratified random sampling
protocol since 1994. The survey area is divided into regions covering the whole New Jersey coast, and
each region has 3 one mile wide strata, parallel to the coast, covering surfclam habitat out to the 3-mile
limit of state waters (Figure 2). Each survey does between 250 and 330 five minute tows, measuring the
tow volume in bushels, then counting and measuring a known volume of surfclams for population
estimates and length frequencies. Grab samples of the sediment are also taken.

Data from the state of New Jersey available for this appendix includes annual state surfclam survey
numbers and lengths through 2012 and grab samples for juvenile surfclams through 2011. Surfclam
landings from New Jersey state waters are available from 1989-2012.

The New York surfclam survey is conducted by the New York Department of Environmental
Conservation approximately every three years. They use a commercial clam vessel, most recently the F/V
Ocean Girl, with a hydraulic dredge. The survey area is divided into four regions which span the southern
shore of Long Island. The three westernmost regions are subdivided into three mile wide strata (Figure 3).
The most recent surveys have taken place in the summer or fall, had an average of 236 stations, and used
a random stratified sampling technique. Tows are three minutes long, the total volume of each tow is
measured in bushels, and half a bushel of surfclams from each tow is measured and counted for
population estimates and length frequencies. A picture of the dredge used is shown in Figure 4.

Data from New York State are from the 2002, 2005, 2006, 2008 and 2012 state surfclam surveys. Total
numbers, densities and length frequencies are available for all years and ages are available for all years
except 2012. Surfclam landings from New York state waters are available through 2011.

Results

Both states have seen a significant decrease in the population of surfclams (Figure 5). The peak
population of surfclams in New Jersey in recent years seems to have occurred in 1996, a few years before
the peak in biomass in the EEZ in 1998-1999. The data available to us from New York do not go back far
enough to see evidence of a concurrent population peak.

Despite the decline in numbers of clams in surveys since 2002, landings in New York stayed remained
relatively high through 2006 (Figure 6). There was a very large harvest limit set in 2004 (930,000

bushels) and it was almost reached, making the landings from New York from that year almost double
what they had been in years before. In 2010 and 2011, landings were around 200,000 bushels annually.
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Surfclam landings for human consumption from New Jersey state waters have fallen from a high of about
700,000 bushels in 2003 to less than 100,000 in 2005 and to near zero levels since 2006. Since the early
2000s, a few tens of thousands of bushels of surfclams have been harvested annually from “prohibited
waters” (where they are not allowed to be sold for human consumption due to contamination) to be sold
as bait (Figure 7). About a third of the surfclam standing stock in New Jersey is in prohibited waters

(Figure 8).

In the 2000s, the length composition of surfclams in New Jersey was narrow and composed of only larger
surfclams, indicating a lack of new recruitment. However, recent survey data shows some smaller clams
recruiting to the population (Figure 9). The 2011 NEFSC clam survey also showed evidence of some
recruitment off New Jersey and New York.

Surfclams from the New York surveys conducted in 2005 and 2006 were larger on average than those
collected in 2002, yet some smaller clams were seen in the 2008 and 2012 surveys, mirroring the bump in
recruitment seen in the New Jersey and NEFSC surveys (Figure 10).

Surfclam densities have historically been high in the inshore areas surveyed by New Jersey and New
York states compared to offshore areas south of Georges Bank surveyed by NEFSC (Figure 12).
However, inshore densities appear to be falling recently towards levels typical of more unproductive
offshore areas (Figure 11). However, the comparisons in Figure 11 are approximate due to differences in
dredge design, capture efficiency and size selectivity. Numbers have been falling in all strata in New
Jersey (Figure 13).

Recently it appears surfclams in New York and New Jersey have been unable to resupply their aging
populations with new recruits. This could be happening because there is not enough successful spawning
occurring and the supply of larvae is not there, or because smaller surfclams are dying before they are
available to a survey or commercial dredge.

In New Jersey, grab sample data collected regularly since 1994 from the area of the survey show that
juvenile surfclams are setting successfully out of the plankton (Figure 14). Some years have been better
than others with occasional larger sets such as the ones seen in 2005 and 2009, a typical pattern for
bivalve recruitment. This data does not show any downward trend in juvenile surfclams that might
explain the decline in older surfclams of fishable size.

Surfclam age frequencies from the New York surveys in 2002, 2005, 2006 and 2008 (Figure 15) show
that surfclams of all ages are present with recognizable ~1996, ~1991 and ~1988 year classes which can
be followed. The 2008 data also reflect the recent recruitment seen in the survey size frequencies in both
New York and New Jersey. Age data from the Long Island region of the NEFSC survey are not available,
but recognizable year classes seen in the New Jersey region included one in 1992.

Length-at-age data from the New York surveys (figure 16) indicate there was no significant change in
growth rate from 2002 through 2008, but all regions and strata were lumped together so spatial changes
may be masked.

Exploitation rates (landings / survey abundance) were calculated for surfclams in both NJ and NY state
waters (Figure 17). The data suggest that exploitation rates in NJ waters decreased from about 4% in
1996 to 2% in 1997-1998 then increased to about 6% in 2002 before falling to zero by 2005 as the fishery
for human consumption all but ceased. The limited data for NY indicate that exploitation increased from
2002 to 2008 (landings data were not available for NY in 2012). These simple exploitation rates provide
useful information about relative trends in fishing mortality, but they assume all the surfclams in the path
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of the survey dredge are captured, which is almost never true. The capture efficiency of a clam dredge is
almost always less than one, so exploitation rates calculated here for surfclams in state waters are
probably overestimated. NJ landings for use as bait were excluded because surfclams for bait are
harvested in contaminated areas outside of the survey region.
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Appendix Al, Figure 1. Percentage of total surfclam landings that came from state waters, which
are mostly New Jersey and New York with small amounts from New England.
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Appendix Al, Figure 2. Map showing the sampling regions for the NJ state survey, and station
locations 1988-2008. Within each region there are three along-shore depth strata one mile wide.
Map courtesy of Jeff Normant, NJDEP.
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Appendix Al, Figure 3. Map showing New York state sampling regions from west to east: RJ,
JF and FM, which each have 3 depth strata, and MM which has one depth stratum. Map courtesy
of Wade Carden, NYSDEC.
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Appendix Al, Figure 4. The inshore commercial clam dredge used for the New York surveys.
Photo courtesy of Jeff Normant, NJDEP; William Burton, Versar, Inc.; and Beth Brandreth,
USACE.
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Appendix Al, Figure 5. Survey-based population estimates for surfclams in New Jersey and
New York from years when there was random stratified sampling.
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Appendix Al, Figure 6. Landings, harvest limit and population of surfclams in New York state
waters. Landings and harvest limit are scaled to the left axis and population is scaled to the right
axis. The harvest limit was raised to 890,000 bushels for one year in 2004.
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Appendix Al, Figure State - 7. Bushels of surfclams harvested from New Jersey “approved”
(surfclams for human consumption) and “prohibited” (surfclams for bait only) waters.
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Appendix Al, Figure 8. Standing stock in industry bushels from New Jersey state waters. Clams
from approved waters can be sold for human consumption, while clams from prohibited waters
are sold for bait only.
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Figure 2. Percent Length Frequency of Surf Clams Collected by the Dredge, All Stations Combined,
2008 to 2012 New Jersey Surf Clam Inventory
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Appendix Al, Figure 9. Length frequencies from the 2008-2012 annual New Jersey state
surfclam surveys. Figure courtesy of Jeff Normant, NJDEP.
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Appendix Al, Figure 10. Length frequencies from the 2002, 2005, 2006, 2008 and 2012 New
York state surfclam surveys.
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Appendix Al, Figure 11. A rough comparison of surfclam density estimates (total estimated
number of clams over the area surveyed in square feet) from the NJ State survey and the NJ
region of the NEFSC survey in federal waters (top) and the NY state survey and LI region of the
NEFSC survey in federal waters (top). All sizes of clams were included, and an adjustment was
made to the NEFSC data to account for a dredge efficiency of 0.256. No adjustments were made
to the NY or NJ data. The comparisons are approximate due to differences in dredge design,
capture efficiency and size selectivity
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Appendix A1, Figure 12. New York State Surfclam Survey - Estimated density of clams, in individuals per m?, per stratum by survey
year. Strata cover the waters off the south side of Long Island. Plots are laid out in order with the left plots representing the
westernmost strata, which are broken down into inner, middle and outer miles (numbers 1-3), covering the three-mile limit of State
waters. The easternmost stratum has only the inner substratum. RJ = Rockaway Inlet to Jones Inlet, JF = Jones Inlet to Fire Island
Inlet, FM = Fire Island Inlet to Moriches Inlet, MM = Moriches Inlet to Montauk Point.
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Appendix Al, Figure 13. New Jersey State survey - estimated number of clams per stratum by
survey year. Plots are laid out in order with the top plot representing the northernmost stratum.
Strata are further broken down into inner, middle and outer miles, covering the three-mile limit

of State waters.
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Juvenile surfclams per grab sample - NJ
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Appendix Al, Figure 14. As part of the annual survey, the state of New Jersey takes sediment
grab samples, which contain recently settled juvenile surfclams. The clams are generally less
than 10mm. About 300 grabs are taken every survey, and the area sampled is 1/10 of a square
meter.
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2002 NY surfclam survey age composition
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Appendix Al, Figure 15. Age compositions from the 2002, 2005, 2006 and 2008 New Y ork
State surfclam surveys, in bushels at age.

211
56™ SAW Assessment Report A. Atlantic Surfclam-Appendix Al



NY state survey surfclams - Length at age
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Appendix Al, Figure 16. Surfclam length at age from the 2002, 2005, 2006 and 2008 New Y ork
State surveys.
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Appendix Al, Figure 17. Exploitation rates (expressed as landings as a percentage of estimated
biomass) and population biomass for New Jersey (top) and New York state surfclams.
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Appendix A2: Maps of commercial harvest through time
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Appendix A2, Figure 1. Landings, time fished and LPUE by ten-minute square from 1979 —
2011 (Following pages).
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Surfclam catch by ten-minute square
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Surfclam catch by ten-minute square

44

42

40

38

36

Kilo Bushels

<2
<8.2

< 33.1
< 134.3
< 544.6

34
EEREEO

-76 -74 -72 -70 -68 -66

218
56 SAW Assessment Report A. Atlantic Surfclam-Appendix A2
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Surfclam catch by ten-minute square

44

42

40

38

36

Kilo Bushels

<2
<8.2

< 33.1
< 134.3
< 544.6

-76 -74 -72 -70 -68 -66

34

224
56 SAW Assessment Report A. Atlantic Surfclam-Appendix A2
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Surfclam catch by ten-minute square
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Surfclam catch by ten-minute square
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Surfclam catch by ten-minute square
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Appendix A3: Maps of NEFSC clam surveys

(Following pages) Maps of NEFSC clam survey surfclam catches since 1980. Symbols represent number per tow of
clams of all sizes. The maximum number of clams caught in a tow is the highest number in the legend.
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Appendix A4: KLAMZ methods

256
56™ SAW Assessment Report A. Atlantic Surfclam-Appendix A4



KLAMZ Assessment Model — Technical Documentation

The KLAMZ assessment model is based on the Deriso-Schnute delay-difference equation (Deriso 1980;
Schnute 1985; Quinn and Deriso 1999). The delay-difference equation is a relatively simple and implicitly age
structured approach to counting fish in either numerical or biomass units. It gives the same results as explicitly age-
structured models (e.g. Leslie matrix model) if fishery selectivity is “knife-edged”, if somatic growth follows the
von Bertalanffy equation, and if natural mortality is the same for all age groups in each year. Knife-edge selectivity
means that all individuals alive in the model during the same year experience the same fishing mortality rate.5
Natural and fishing mortality rates, growth parameters and recruitment may change from year to year, but delay-
difference calculations assume that all individuals share the same mortality and growth parameters within each year.
The KLAMZ model includes simple numerical models (e.g. Conser 1995) as special cases because growth can be
turned off so that all calculations are in numerical units (see below).

As in many other simple models, the delay difference equation explicitly distinguishes between two age
groups. In KLAMZ, the two age groups are called “new* recruits (R, in biomass or numerical units at the beginning
of year 7) and “old” recruits (S,) that together comprise the whole stock (B,). New recruits are individuals that
recruited at the beginning of the current year (at nominal age k).6 Old recruits are all older individuals in the stock
(nominal ages £+1 and older, survivors from the previous year). As described above, KLAMZ assumes that new
and old recruits are fully vulnerable to the fishery. The most important differences between the delay-difference and
other simple models (e.g. Prager 1994; Conser 1995; Jacobson et al. 1994) are that von Bertalanffy growth is used to
calculate biomass dynamics and that the delay-difference model captures transient age structure effects due to
variation in recruitment, growth and mortality exactly. Transient effects on population dynamics are captured
exactly because, as described above, the delay-difference equation is algebraically equivalent to an explicitly age-
structured model with von Bertalanffy growth.

The KLAMZ model incorporates a few extensions to Schnute’s (1985) revision of Deriso’s (1980) original
delay difference model. Most of the extensions facilitate tuning to a wider variety of data that anticipated in Schnute
(1985). The KLAMZ model is programmed in both Excel and in C++ using AD Model Builder7 libraries. The AD
Model Builder version is faster, more reliable and probably better for producing “official” stock assessment results.
The Excel version is slower and implements fewer features, but the Excel version remains useful in developing
prototype assessment models, teaching and for checking calculations.

The most significant disadvantage in using the KLAMZ model and other delay-difference approaches,
beyond the assumption of knife-edge selectivity, is that age and length composition data are not used in tuning.
However, one can argue that age composition data are used indirectly to the extent they are used to estimate growth
parameters or if survey survival ratios (e.g. based on the Heinke method) are used in tuning (see below).

5 In applications, assumptions about knife-edge selectivity can be relaxed by assuming the model tracks “fishable”,
rather that total, biomass (NEFSC 2000a; 2000b). An analogous approach assigns pseudo-ages based on recruitment
to the fishery so that new recruits in the model are all pseudo-age k. The synthetic cohort of fish pseudo-age k£ may
consist of more than one biological cohort. The first pseudo-age (k) can be the predicted age at first, 50% or full
recruitment based a von Bertalanffy curve and size composition data (Butler et al. 2002). The “incomplete
recruitment” approach (Deriso 1980) calculates recruitment to the model in each year R, as the weighted sum of
contributions from two or more biological cohorts (year-classes) from spawning during successive years (i.e.

k
R = z r I1,_, where k is the age at full recruitment to the fishery, r, is the contribution of fish age k-a to the
a=1

fishable stock, and I1

6 In some applications, and more generally, new recruits might be defined as individuals recruiting at the beginning
or at any time during the current time step (e.g. NEFSC 1996). 6
Otter Research Ltd., Box 2040, Sydney, BC, Canada V8L 3S3 (otter@otter-rsch.com).

+—q 18 the number or biomass of fish age k-a during year 7).
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Population dynamics

The assumed birth date and first day of the year are assumed the same in derivation of the delay-difference
equation. It is therefore natural (but not strictly necessary) to tabulate catch and other data using annual accounting
periods that start on the assumed biological birthday of cohorts.

Biomass dynamics

As implemented in the KLAMZ model, Schnute’s (1985) delay-difference equation is:
B =(1+p) 7. B-pr. 7B +R,-p7 ] R,

where B, is total biomass of individuals at the beginning of year ¢; p is Ford’s growth coefficient (see below);
n=exp(-Z,)=exp[-(F,+M,)] is the fraction of the stock that survived in year ¢, Z,, F,, and M, are instantaneous rates
for total, fishing and natural mortality; and R, is the biomass of new recruits (at age k) at the beginning of the year.
The natural mortality rate M, may vary over time. Instantaneous mortality rates in KLAMZ model calculations are
biomass-weighted averages if von Bertalanffy growth is turned on in the model. However, biomass-weighted
mortality estimates in KLAMZ are the same as rates for numerical estimates under the assumption of knife-edge
selectivity because all individuals are fully recruited. The growth parameter J, = w,; +.; / w, is the ratio of mean
weight one year before recruitment (age k-1 in year #-1) and mean weight at recruitment (age & in year f).

It is not necessary to specify body weights at and prior to recruitment in the KLAMZ model (parameters v, ;
and V; in Schnute 1985) because the ratio J; and recruitment biomass contain the same information. Schnute’s
(1985) original delay difference equation is:

B=(+p)7, B -prz B +w, Nui-prw N,
To derive the equation used in KLAMZ, substitute recruitment biomass R,.; for the product w+; ; N+, and adjusted
recruitment biomass J, R, = (W1 k. 1//Wyx) Wex Nij =
Wy.11 Ny in the last term on the right hand side. The advantage in using the alternate parameterization for biomass
dynamic calculations in KLAMZ is that recruitment is estimated directly in units of biomass and the number of
growth parameters is reduced. The disadvantage is that numbers of recruits are not estimated directly by the model.
When required, numerical recruitments must be calculated externally as the ratio of estimated recruitment biomass
and the average body weight for new recruits.

Numerical population dynamics
Growth can be turned on off so that abundance, rather than biomass, is tracked in the KLAMZ model. SetJ=1
and p=0 in the delay difference equation, and use N, (for numbers) in place of B, to get:

Nt+1 = Tt Nt + Rt+1

Mathematically, the assumption J~=1 means that no growth occurs the assumption =0 means that the von
Bertalanffy K parameter is infinitely large (Schnute 1985). All tuning and population dynamics calculations in
KLAMZ for biomass dynamics are also valid for numerical dynamics.

Growth

As described in Schnute (1985), biomass calculations in the KLAMZ model are based on
Schnute and Fournier’s (1980) re-parameterization of the von Bertalanffy growth model:

W, =W+ (W, -w, )+ P (1- p)
where w=V and w;_;/=v. Schnute and Fournier’s (1980) growth model is the same as the traditional von Bertalanffy
growth model {W,= W, [1 - exp(-K(a-t..,,)] where W, K and t,,,, are parameters}. The two growth models are
the same because W, = (Wi - pwi.)/(1-p), K = -In(p) and t..,, = In[(wi - wi))/(Wi - pwi)] / In(p).

In the KLAMZ model, the growth parameters J, can vary with time but p is constant. Use of time-variable
J, values with p is constant is the same as assuming that the von Bertalanffy parameters W, and t,.,, change over
time. Many growth patterns can be mimicked by changing W, and .., (Overholtz et al., 2003). K is a parameter
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in the C++ version and, in principal, estimable. However, in most cases it is necessary to use external estimates of
growth parameters as constants in KLAMZ.

Instantaneous growth rates

Instantaneous growth rate (IGR) calculations in the KLAMZ