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The 2008 Delaware Bay area horseshoe crab abundance monitoring survey was
conducted in the mid-Atlantic region from Atlantic City, New Jersey (39° 20" N) to the
Eastern Shore area of Virginia (37° 40" N) (Figure 1). Sampling was conducted in the
Atlantic Ocean from shore out to 22.2 km (12 nautical miles). The survey area was
stratified by distance from shore (0-3 nm, 3-12 nm) and bottom topography (trough,
nontrough), following the results of the 2001 pilot study, as in previous years. Sampling
was conducted aboard a 16.8-m chartered commercial fishing vessel out of Ocean City,
MD. We used a two-seam flounder trawl of 18.3-m headrope and 24.4-m footrope,
rigged with a Texas Sweep of 13-mm link chain and a tickler chain. The net body
consisted of 15.2-cm (6-in) stretched mesh, and the bag consisted of 14-cm (5.5-in)
stretched mesh. Tows were 15-minutes bottom time. A total of 45 stations were trawled
between 29 September and 14 October 2008.

Horseshoe crabs (Limulus polyphemus) were culled from the catch, and either all
individuals or a subsample were examined for prosomal width (millimeters) and
identified for sex and maturity. Maturity classifications were: immature, primiparous -
those that are newly mature but have not yet spawned, and multiparous - those that are
mature and have spawned. Primiparous and multiparous males are morphologically
distinct, and are believed to be classifiable without error. However, some error is
associated with distinguishing primiparous from immature females. All examined
females that were not obviously mature (i.e., bearing rub marks) or immature (too small

or soft-shelled) were probed with an awl to determine presence or absence of eggs.



Females with eggs but without rub marks were considered primiparous (newly mature).
Females with both eggs and rub marks were considered multiparous.

In each stratum, the mean catch per 15-minute tow and associated variance were
calculated using two methods, i.e., either assuming a normal-distribution model or a
delta-distribution model (Pennington, 1983; Pennington, 1996). Stratum mean and
variance estimates were combined using formulas for a stratified random sampling design
(Cochran, 1977). The approximate 95% confidence intervals were calculated using the
effective degrees of freedom (Cochran, 1977). Annual means were considered
significantly different if 95% confidence intervals did not overlap.

Interannual comparisons for the main DBA survey used the area from 39° 20" N to
37° 40" N that was consistent over the 2002-2008 period (Figure 1). This area has been
subdivided in previous reports into a core area that was sampled in the 2001 pilot study,
and a peripheral area. The core area was sampled from 2001-2008 (including the 2001
pilot study) and extends from 39° 10" N to 38° 10" N. The peripheral survey area is the
main survey area outside the core area: from 39° 20" N to 39° 10" N, and from 38° 10" N to
37° 40" N, and was surveyed from 2002 to 2008. Catch means using the core area allow
extension of the time-series for that region by one year. However, sample sizes and
random station selection since 2002 are based on the entire survey area. Therefore,
sample sizes within core and peripheral areas are small and variable year to year,
resulting in large variances. In addition, because station selection is based on the entire
survey area, strata within the core and peripheral areas may have insufficient sample
sizes, necessitating merging strata in some years. When strata were merged, weighted
mean catch and variance were calculated for the combined stratum, with observations

weighted by the probability of selection in the combined stratum.

Results

Stratified mean catches per tow for all horseshoe crabs, and for nearly all
demographic groups, were lower in 2008 than in 2007 (Tables 1 and 2; Figure 2). Only
primiparous females increased from the previous year, although changes for multiparous

males and females were small; no changes were significant, based on the observation of



overlapping confidence intervals. Yearly trends from the delta- and normal distribution
models followed similar patterns for all demographic groups.

Stratified mean catches per tow in the Delaware Bay survey core area generally
followed the same trends as those for the entire survey area. Core area mean catches in
2008 decreased from 2007 for all categories except primiparous females (Tables 3-6;
Figure 3). Catches in the peripheral area showed little change over the time-series.

Size-frequency distributions in the Delaware Bay area survey indicate continued
recruitment of small horseshoe crabs to the survey area. Modal groups of immature crabs
less than about 140-mm PW were generally unimportant prior to 2006, but constituted a
relatively important portion of the immature crabs in 2007 and 2008 (Figure 4).
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Table 1. Stratified mean catch per tow of horseshoe crabs in the Delaware Bay survey
area, 2002-2008, with standard deviation (sd) and coefficient of variation (cv), calculated
using the delta distribution model, by demographic group. Also included are the

estimated upper and lower 95% confidence limits (UCL, LCL).

mean UCL LCL cv sd mean UCL LCL cv sd

Immature females Immature males

2002 247 426 69 034 85 2002 143 257 29 038 55
2003 73 128 18 035 26 2003 3.8 6.2 13 032 1.2
2004 215 334 97 026 5.6 2004 173 273 74 027 47
2005 28.2 49.1 7.2 0.36 10.2 2005 245 454 36 041 101
2006 32.0 485 156 024 75 2006 241 412 70 029 7.0
2007 429 87.0 -1.3 0.40 17.2 2007 323 87.0 -1.8 043 139
2008 290 506 74 033 97 2008 204 506 57 032 6.6

Multiparous females Multiparous males

2002 108 16.0 56 023 25 2002 255 36.7 144 021 55
2003 78 118 38 024 19 2003 179 290 6.9 029 51
2004 65 99 32 025 16 2004 147 239 56 030 44
2006 96 157 35 028 26 2005 212 337 87 028 59
2006 147 265 3.0 035 5.1 2006 374 587 16.1 0.27 10.0
2007 189 301 7.7 029 55 2007 439 69.0 189 0.28 124
2008 173 270 7.6 027 47 2008 378 568 188 025 94

Primiparous females Primiparous males

2002 32 47 17 023 07 2002 1.6 25 06 028 04
2003 14 29 -01 051 07 2003 0.2 05 -01 074 0.1
2004 12 19 04 032 04 2004 2.0 29 10 023 04
2006 17 28 06 029 05 2005 2.5 45 0.6 037 09
2006 55 99 12 032 18 2006 75 127 22 038 3.0
2007 56 98 13 036 20 2007 86 138 33 029 25
2008 70 122 18 036 25 2008 2.6 43 1.0 030 0.8

Total

2002 76.5 108.2 447 0.20 154
2003 418 66.1 175 0.27 114
2004 68.2 1058 30.6 0.27 18.2
2005 95.6 1575 33.6 0.32 30.3
2006 118.0 1734 626 0.21 249
2007 1725 2889 56.1 0.32 554
2008 115.1 170.0 60.2 0.23 26.5



Table 2. Stratified mean catch per tow of horseshoe crabs in the Delaware Bay survey
area, 2002-2008, with standard deviation (sd) and coefficient of variation (cv), calculated
using the normal distribution model, by demographic group. Also included are the

estimated upper and lower 95% confidence limits (UCL, LCL).

mean UCL LCL cv sd mean UCL LCL cv sd

Immature females Immature males

2002 213 315 11.0 0.23 4.9 2002 126 193 58 0.26 3.3
2003 73 128 1.7 036 26 2003 3.7 60 14 029 11
2004 188 26.1 115 0.19 3.6 2004 153 214 9.1 0.20 3.0
2005 25.6 437 74 034 87 2005 26.8 56.0 -2.4 052 138
2006 32.8 496 159 0.24 8.0 2006 22.0 327 114 023 5.1
2007 394 766 21 0.39 152 2007 345 685 05 0.46 15.8
2008 275 422 127 025 7.0 2008 189 29.0 8.8 0.26 4.8

Multiparous females Multiparous males

2002 103 149 58 021 22 2002 229 312 147 017 40
2003 7.7 113 41 022 17 2003 16.7 247 86 023 38
2004 65 96 34 023 15 2004 152 247 58 030 45
2005 103 171 34 032 33 2005 189 280 9.8 023 43
2006 16.0 27.7 42 033 53 2006 365 549 182 024 86
2007 170 257 83 025 43 2007 357 499 216 019 7.0
2008 19.2 325 59 034 6.5 2008 39.7 635 16.0 029 116

Primiparous females Primiparous males

2002 31 46 17 022 0.7 2002 1.6 26 0.6 030 05
2003 14 30 -01 050 0.7 2003 0.2 05 -01 074 01
2004 12 19 04 032 04 2004 2.0 29 11 022 04
20060 18 32 05 033 0.6 2005 2.6 47 06 037 1.0
2006 56 92 20 029 16 2006 78 141 16 038 3.0
2007 49 75 22 026 13 2007 77 116 37 025 19
2008 76 126 26 032 24 2008 2.8 44 11 029 08

Total

2002 719 944 49.4 0.15 10.9
2003 37.0 521 219 019 7.2
2004 59.0 822 357 0.19 11.3
2005 86.0 140.0 32.0 0.30 26.0
2006 120.7 172.3 69.1 0.21 24.9
2007 139.1 219.6 58.6 0.27 37.3
2008 115.7 169.8 61.7 0.23 26.4



Table 3. Stratified mean catch per tow of horseshoe crabs in the Delaware Bay survey
core area, 2001-2008, with standard deviation (sd) and coefficient of variation (cv),
calculated using the delta distribution model, by demographic group. Also included are

the estimated upper and lower 95% confidence limits (UCL, LCL).

mean UCL LCL cv sd mean UCL LCL cv sd

Immature females Immature males

2001 10.3 160 46 026 2.7 2001 5.3 84 21 028 15
2002 178 341 15 039 6.9 2002 9.8 202 -05 043 4.2
2003 6.8 215 -80 051 34 2003 2.3 6.2 -1.7 040 0.9
2004 18.1 297 6.6 029 53 2004 145 264 25 032 46
2005 286 504 6.7 0.37 105 2005 38.7 825 -5.1 053 20.7
2006 322 578 6.7 034 108 2006 23.7 543 -69 041 96
2007 44.7 1008 -11.4 045 20.2 2007 36.0 80.2 -83 050 18.1
2008 244 472 1.7 038 93 2008 16.7 320 14 039 65

Multiparous females Multiparous males

2001 104 145 63 019 20 2001 19.7 297 9.6 024 48
2002 112 166 59 022 25 2002 242 342 141 020 48
2003 123 210 3.7 027 34 2003 271 489 53 034 092
2004 82 129 35 027 22 2004 223 384 6.2 034 76
2005 107 175 3.8 030 3.2 2005 233 36.1 104 025 59
2006 246 456 35 027 6.6 2006 479 775 184 0.24 115
2007 29.1 479 103 031 89 2007 63.3 104.7 219 031 194
2008 219 345 94 027 6.0 2008 48.1 737 225 025 121

Primiparous females Primiparous males

2000 16 23 09 021 03 2001 1.3 24 03 037 05
2002 22 36 08 029 06 2002 0.9 16 02 039 03
2003 02 05 -01 031 01 2003 01 03 -01 08 01
2004 17 29 05 032 05 2004 15 27 03 037 0.6
20056 15 40 -09 050 038 2005 26 55 -04 051 13
2006 41 92 -09 038 16 2006 105 242 -32 057 59
2007 46 92 00 045 21 2007 106 188 24 035 3.7
2008 6.3 117 1.0 040 25 2008 23 41 06 035 038



Table 3 continued.

mean UCL LCL <c¢v sd
Total
2001 517 754 281 022 114
2002 67.2 103.8 30.5 0.25 16.5
2003 406 79.1 2.0 0.39 1538
2004 66.5 103.8 29.2 0.26 17.5
2005 97.7 166.0 295 0.34 3238
2006 139.3 240.6 38.1 0.26 36.5
2007 208.4 365.6 51.2 0.35 73.7
2008 119.1 182.8 55.3 0.25 29.9



Table 4. Stratified mean catch per tow of horseshoe crabs in the Delaware Bay survey

core area, 2001-2008, with standard deviation (sd) and coefficient of variation (cv),

calculated using the normal distribution model, by demographic group. Also included

are the estimated upper and lower 95% confidence limits (UCL, LCL).

mean UCL LCL c¢v sd mean UCL LCL c¢v sd
Immature females Immature males
2001 92 122 6.1 016 15 2001 4.7 6.7 28 020 1.0
2002 163 283 43 033 53 2002 98 186 1.1 041 41
2003 6.8 212 -7.7 050 34 2003 2.3 52 -06 040 09
2004 183 283 84 025 46 2004 136 212 6.1 025 34
2005 314 595 34 042 132 2005 36.7 83.0 -9.6 058 214
2006 355 684 27 040 143 2006 23.0 416 44 036 82
2007 436 936 -6.5 045 195 2007 447 1016 -122 058 26.1
2008 24.1 428 55 033 7.9 2008 157 273 41 031 49
Multiparous females Multiparous males
2001 110 157 63 021 23 2001 196 28.0 112 021 41
2002 115 178 52 025 29 2002 245 354 136 021 51
2003 118 183 52 023 28 2003 24.1 390 93 026 6.3
2004 89 137 41 025 22 2004 224 370 7.8 030 6.8
2005 113 206 20 038 43 2005 228 348 109 024 55
2006 251 492 10 030 7.6 2006 483 783 182 0.25 123
2007 257 40.1 114 026 6.7 2007 523 747 299 020 104
2008 26.3 466 6.0 037 9.7 2008 54.7 915 178 032 174
Primiparous females Primiparous males
2000 17 25 09 023 04 2001 1.3 22 04 034 04
2002 22 37 08 029 0.7 2002 0.9 1.7 01 041 04
2003 02 05 00 032 01 2003 0.1 03 -01 082 0.1
2004 17 29 06 030 05 2004 1.7 29 05 033 06
2006 15 36 -06 051 0.8 2005 2.5 51 -01 046 1.2
2006 42 87 -03 039 16 2006 96 227 -36 058 55
2007 44 82 06 038 1.7 2007 97 161 34 031 30
2008 79 150 08 042 33 2008 2.4 44 05 038 0.9



Table 4 continued.

mean

UCL

LCL

Ccv

sd

Total
2001
2002
2003
2004
2005
2006
2007
2008

47.5
65.2
37.6
66.7
106.2
145.6
180.3
131.1

62.8
94.4
65.1
101.1
189.1
240.2
302.2
209.0

32.2
36.1
10.1
32.3
23.3
51.0
58.5
53.2

0.16
0.21
0.28
0.24
0.37
0.29
0.31
0.28

7.6
13.6
10.7
16.0
38.9
41.8
55.9
37.4
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Table 5. Stratified mean catch per tow of horseshoe crabs in the Delaware Bay survey

peripheral area, 2002-2008, with standard deviation (sd) and coefficient of variation

(cv), calculated using the delta distribution model, by demographic group. Also

included are the estimated upper and lower 95% confidence limits (UCL, LCL).

mean UCL LCL <c¢v sd mean UCL LCL c¢cv sd
Immature females Immature males
2002 45.7 1116 -202 056 25.6 2002 222 447 -03 039 838
2003 76 161 -09 046 35 2003 5.1 90 13 032 16
2004 235 411 58 031 7.2 2004 223 433 12 037 82
2005 126 250 0.2 035 45 2005 84 169 -01 036 3.0
2006 30.8 67.6 -6.0 0.28 85 2006 23.0 582 -123 036 8.2
2007 290 609 -29 051 1438 2007 19.3 40.7 -2.2 052 10.0
2008 36.2 87.0 -147 051 183 2008 243 68.2 -195 0.42 10.2
Multiparous females Multiparous males
2002 6.7 125 10 039 26 2002 185 362 0.8 039 7.2
2003 2.7 52 03 036 1.0 2003 79 163 -06 044 34
2004 3.2 70 -06 043 14 2004 3.2 72 -08 039 1.2
2005 2.8 50 0.6 035 1.0 2005 6.7 133 01 042 28
2006 55 120 -11 028 15 2006 278 533 23 036 99
2007 2.8 79 -23 042 1.2 2007 10.0 20.6 -0.6 0.38 3.8
2008 64 143 -16 045 29 2008 148 335 -4.0 049 7.3
Primiparous females Primiparous males
2002 3.3 77 -10 047 16 2002 2.9 59 0.0 040 1.2
2003 2.5 55 -06 052 1.3 2003 0.2 0.8 -04 099 0.2
2004 0.2 06 -0.2 066 0.1 2004 3.1 58 0.3 028 0.9
2005 2.4 52 -05 043 1.0 2005 2.7 64 -11 050 1.3
2006 82 242 -79 046 3.7 2006 6.7 123 10 027 1.8
2007 6.1 118 04 042 25 2007 4.5 79 11 035 16
2008 72 187 -43 058 4.1 2008 3.6 9.3 -21 057 20
Total
2002 925 169.2 157 0.34 314
2003 269 475 6.3 032 87
2004 615 116.8 6.1 0.38 234
2005 384 685 83 0.33 127
2006 97.9 1409 548 0.19 18.7
2007 85.2 187.8 -175 055 47.1
2008 945 1952 -6.2 0.41 39.2
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Table 6. Stratified mean catch per tow of horseshoe crabs in the Delaware Bay survey

peripheral area, 2002-2008, with standard deviation (sd) and coefficient of variation

(cv), calculated using the normal distribution model, by demographic group. Also

included are the estimated upper and lower 95% confidence limits (UCL, LCL).

mean UCL LCL <c¢v sd mean UCL LCL «c¢v sd
Immature females Immature males
2002 332 581 82 029 97 2002 205 320 9.1 022 45
2003 87 210 -35 055 48 2003 57 114 00 041 23
2004 201 326 76 025 5.1 2004 189 355 23 034 65
2005 126 251 0.2 036 45 2005 84 168 00 036 3.0
2006 30.2 534 7.1 0.28 83 2006 209 535 -117 036 7.6
2007 26.4 484 44 039 10.2 2007 169 30.7 3.1 038 6.4
2008 34.1 732 -50 041 141 2008 256 57.0 -59 044 11.3
Multiparous females Multiparous males
2002 57 101 13 034 1.9 2002 158 294 22 034 53
2003 33 58 08 032 11 2003 86 153 19 032 27
2004 27 55 -0.1 038 1.0 2004 3.7 71 04 028 1.1
2005 31 6.0 01 041 13 2005 6.2 116 08 037 23
2006 54 97 12 028 15 2006 242 410 7.4 027 65
2007 30 57 02 040 1.2 2007 106 188 24 035 3.7
2008 57 101 14 033 1.9 2008 128 237 1.8 035 45
Primiparous females Primiparous males
2002 41 82 00 039 16 2002 3.0 6.0 0.0 039 12
2003 31 70 -09 053 16 2003 0.3 1.1 -05 099 0.3
2004 02 05 -01 069 0.1 2004 2.7 49 05 032 0.9
2005 23 49 -03 040 09 2005 2.7 6.9 -14 055 15
2006 78 223 -66 043 34 2006 6.6 108 24 025 16
2007 64 118 1.0 038 24 2007 4.7 82 12 034 16
2008 70 177 -36 054 38 2008 3.3 75 -08 045 15
Total
2002 823 131.7 329 0.25 20.2
2003 29.7 573 2.1 0.36 10.7
2004 483 78.6 18.0 0.27 12.8
2005 354 67.1 3.7 032 114
2006 95.1 1353 55.0 0.18 174
2007 67.9 120.1 15.7 0.36 24.2
2008 88.6 1709 6.3 0.36 320
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Figure 1. Delaware Bay horseshoe crab trawl survey sampling area. The core survey
area, indicated by diagonal lines, has been surveyed every year since 2001. The
peripheral area has been surveyed every year since 2002. Contour lines indicate 3 and 12

nautical miles from shore.
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Figure 2. Plots of stratified mean catches per tow of horseshoe crabs in the Delaware

Bay survey area by demographic group. Vertical lines indicate 95% confidence limits.

Solid symbols and lines indicate the delta distribution model. Open symbols and dashed

lines indicate the normal distribution model. Data are from Tables 1 and 2. Note

differences in y-axis scales.
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Figure 3. Plots of stratified mean catches per tow of horseshoe crabs in the Delaware
Bay survey area by demographic group. Vertical lines indicate 95% confidence limits.
Only delta distribution means are illustrated for the sake of clarity. Solid symbols and
lines indicate the core survey area. Open symbols and dashed lines indicate the

peripheral survey area. Data are from Tables 3 and 5. Note differences in y-axis scales.
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Figure 4. Relative size-frequency distributions of horseshoe crabs, by demographic
group and year, in the Delaware Bay area trawl survey. Relative frequencies are scaled

to represent stratified mean catches in Table 1.
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