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ABSTRACT
A total of 208 samples at 16 sites in Delaware Inland Bays during 2012 yielded 46,022 fish of
43 species. The number of specimens was slightly lower than in 2011 but the number of species
was slightly higher at the same 16 sites. The highest number of species, 31, was collected in
July. The most abundant species were mummichog, striped killifish, spot, Atlantic silverside,
sheepshead minnow and Atlantic menhaden which represented 94.9% of the overall catch.
Conversely, the most abundant species in 2011 were Atlantic silverside, mummichog, striped
killifish, silver perch, sheepshead minnow and Atlantic menhaden. These species accounted for
93.2% of the overall catch. Mummichog was the most abundant species during each month
from April through August in 2012 while striped killifish was the most abundant in September
and sheepshead minnow during October.
Catches of the 14 target species: Atlantic croaker, Atlantic menhaden, Atlantic silverside, bay
anchovy, bluefish, mummichog, silver perch, spot, striped bass, striped killifish, summer
flounder, weakfish, white mullet and winter flounder, were examined individually. The greatest
differences in catches between the 2 years were for spot (more than 100 times more abundant
in 2012), Atlantic silverside (more than four times more abundant in 2011), black drum (more
than four times more abundant in 2012), pinfish (14 times more abundant in 2012), silver perch
(nearly three times more abundant in 2011) and weakfish (nearly six times more abundant in
2011).
The blue crab catch of 4,878 consisted of 3,657 small, 1,125 medium and 96 large specimens.
Small and medium crabs were most numerous in June while the large crab catch varied from 10
to 25 during May through September. Blue crab catches were not enumerated in 2011.
INTRODUCTION
The 2012 inshore fish and blue crab survey was the second annual volunteer seining study of
the near-shore areas of Rehoboth Bay (four sites), Indian River and Bay (seven sites) and Little
Assawoman Bay (five sites) sponsored through the Delaware Center for the Inland Bays. This
study is the first comprehensive, long term seine survey of the Inland Bays. All fish are
identified to species, counted and 25 of each species, including the smallest and largest
specimens, were measured to the nearest millimeter. This year was the first year that blue
crabs were counted and categorized as small (0-40 mm carapace width), medium (41-140 mm)
or large (140+ mm). Sites were sampled in the last half of April and each half of each month
from May through October. The sampling effort was a single 100 ft. seine pull made parallel to
shore with a 30 ft. bag seine. This unit of effort will be used throughout the study.
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The objectives of the study are to generate comparative annual and study years-to-date
average catch data for all species, especially the 14 target species (seven forage and seven
predator species). From these data, changes in species abundance and distribution inclusive of
the sites with the highest catches for each species can be monitored. Inshore fish and blue crab
samples are excellent indicators of the health of the Bays and changes over time. These studies
can be compared to results of the offshore bottom trawl survey conducted in Rehoboth and
Indian River bays by Delaware Natural Resources and Environmental Control fisheries
personnel. The annual Inland Bays reports are distributed to state and federal regulatory
organizations, academic institutions and interested environmental organizations. All data is
available to the above entities and the public through the annual reports and individual sample
information available at the Center through the Center’s website (inlandbays.org).

METHODS AND MATERIALS
A total of 208 inshore seine samples were collected at 16 sites on Indian River and Bay,
Rehoboth Bay, Little Assawoman Bay and tributaries (Figures 1 & 2; Table 1) during April
through early November. One set was collected during the second half of April while two sets
were collected in each month from May through October, one during the first half of the month
and another in the second half. Some of the second half of October samples had to be
rescheduled until November because extremely high tides in the last week of October
prevented sampling during that period.
Each study site needed to be in close proximity to a road or parking lot for ease of access by
volunteers in motor vehicles. To qualify as a sampling site, there had to be an open shoreline
area of at least 100 feet in length with a flat bottom and substrate which was not too soft to
safely sample at all tidal stages. Four sites were located on Rehoboth Bay. The Indian River/Bay
system had seven sites while Little Assawoman Bay had five sites (Figures 1 and 2).
Each sample was collected with a 30 foot long by 4 foot high bag seine with ¼-inch mesh. The
bag is 4 foot long, 4 foot wide and 4 foot deep located in the center of the net. The net was
drawn, fully extended, parallel to the shore for 100 feet, swung onto shore and emptied. The
only exception to this procedure was at Rosedale Beach (Site No. 6) where two 50- foot hauls
were made due to the fact that a pier is located across the middle of the area which is too low
to walk under. All fish were removed from the net, identified and counted. At least 25
specimens of each species of fish were placed in buckets of water as quickly as possible to be
measured. All other fish and all crab specimens were immediately returned to the Bays to
minimize mortality. When air temperature was extremely high, bottles of frozen water and
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1. Figure 1.Map of seining sites in Rehoboth and Indian River Bays in 2012

Figure 2. Map of seining sites in Little Assawoman Bay in 2012
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aerators were placed in the buckets to reduce mortality for those specimens. Fish were
measured to the nearest millimeter (mm). Blue crabs were counted, recorded as small (less
than 40 mm carapace width, less than 1 year old), medium (41-140 mm, 1-2 years old) or large
(greater than 140 mm, adults more than 2 years old).
Fishes were identified to the species level. The longest and shortest specimens of all species
were included in the measurements to give the range of size in each sample. The senior author
was present for most of the samples to verify identifications. When questionable species were
encountered in other samples, pictures or preserved specimens were transmitted to the senior
author for identification or verification.
Each seine sample was designated as one unit of effort. Catch-per-unit-effort (CPUE) was
calculated by dividing the catch by the number of samples. Monthly average rankings of species
were determined by summing the monthly catches of a species and dividing by one for April
and two for each other month.
The 14 target species chosen for individual results and discussion sections included seven
important forage species which occur throughout the Inland Bays. Also, recreationally and
commercially caught species in Delaware and other states were chosen for individual results
and discussion sections.
Physical parameters of water temperature were measured to 0.1 degree centigrade (0C) ,
dissolved oxygen to 0.1 milligram per liter (mg/l) and salinity to 0.1 part per thousand (ppt)
with either a YSI 85 or a YSI Pro 2030 meter at the beginning of each sample. The weather and
wind conditions were noted for each sample as well as the stage of the tide. Tidal stages were
categorized as low ebb or low flood if sampling began within 2 hours of low tide, mid-flood or
mid-ebb if sampling was within 2 to 4 hours of low or high tide and high ebb or high flood if
sampling began within 2 hours of high tide.

RESULTS
Overall Catch
A total of 46,022 fish specimens of 43 species were collected in 2012 (Tables 2, 3). The catch
per unit effort (CPUE) decreased monthly from 645 in April to 61 in October/November. The
number of species (species richness) increased monthly from 13 in April to 28 in June, 30 in July
and August, and decreased thereafter to 16 in October/November. CPUE in 2011 increased
from 130 during April to 324 in July, decreased to 222 for August, increased to a high of 401 in
September and decreased to 194 for October. Species richness increased from 12 in April to 33
in May, was 25 in June, increased to 31 in July and 34 for August and decreased to 21 during
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October/November. Estuarine studies in New Jersey (Roundtree and Able 1992) and Virginia
(Weinstein and Brooks 1983) also reported peaks in catch as well as species richness during
spring and late summer or early fall. Boutin and Targett (2013) reported no secondary late
summer peaks in their studies of White Creek (Indian River Bay tributary), Miller Creek (Little
Assawoman Bay tributary) and the Assawoman Canal (between the two bays). The extremely
high catches of fish in spring and lack of a secondary peak in late summer of 2012 was caused
by the high spring abundance of very small spot in a dominant year class for that species and
substantially lower abundance of Atlantic silverside during late summer.
Five species: spotted hake, striped mullet, black sea bass, blackcheek tonguefish and
northern puffer, were collected for the first time in the study during 2012. Species which were
taken in all months of sampling were white mullet, Atlantic silverside, mummichog, sheepshead
minnow, northern pipefish, pinfish, spot, striped killifish and summer flounder. The most
abundant species collected were mummichog (37.4% of the catch), striped killifish (21.0%), spot
(17.9%), Atlantic silverside (11.5%) and sheepshead minnow (5.0%) which collectively
comprised 91.8% of the overall catch. Additionally, Atlantic menhaden (3.1%), silver perch
(1.4%), bay anchovy (1.2%), white mullet (1.0%) and pinfish (0.2%) added another 6.9% to bring
the total contribution of the top 10 species to 98.7%. The five most abundant species in each
month accounted for a range of 85.1% in September to 99.7% for April. Mummichog was the
most abundant species in all months from April through August and accounted for 32.6% to
45.9% of the fish catch in each of these months. Striped killifish ranked first in September
(37.2% of catch) and second for June through August and September (16.7-29.5%). Sheepshead
minnow ranked first in October (49.9% for the month) and was one of the five most abundant
species for April (0.6%) and each month from July through September (7.9-11.7%). Spot was
the second ranked species for April (33.4%) and May (23.9%). In addition, it was one of the
seven most abundant species for all other months.
A total of 4,878 blue crabs were collected. The catch was comprised of 3,657 small, 1,125
medium and 96 large crabs. Monthly catch-per-unit-effort for all crabs increased from 16 in
April to 49 and decreased each month thereafter to three in October/November. Small and
medium crab abundance had the same monthly patterns as for the overall catch. The
abundance (CPUE) of large crabs peaked in May (0.8 per seine haul) and was higher in June
(0.6), August (0.5) and September (0.5) than for any of the other months (0.1 – 0.4).
Average monthly dissolved oxygen (DO) decreased from April and May (8.6 mg/l and 8/3
mg/l) to a low of 4.9 mg/l in August and increased thereafter to 7.9 in October/November
(Table 23). The highest monthly DO for a site was 10.9 mg/l for Site 8 in April while the lowest
was 2.7 mg/l for Site 17 during July. Average monthly salinity increased from April (23.3 ppt)
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and May (23.2 ppt) to July (28.2 ppt) and subsequently decreased to 22.0 ppt in September and
22.9 ppt in October. The highest monthly salinity was recorded at Site 1 (30.5 ppt) in July while
the lowest was recorded at Site 18 (13.8 ppt) in September. As expected, water temperature
increased monthly from 17.5 0C in April to 28.2 0C in July and decreased to 17.1 0C in
October/November. The highest monthly average temperature was 30.7 0C for Site 3 in July
while the lowest was 13.1 0C for Site 1 in October/November.

Catch by System
Rehoboth Bay
Samples at the four sites in Rehoboth Bay (Table 1) yielded a total of 12,728 fish of 29 species
during 2012 (Table 4). Fish abundance (catch-per-unit-effort) decreased monthly from 426 and
432 per sample in April and May to 43 per sample in October. The number of species increased
from seven in April to 17 in June, then decreased each month to seven in October.
The CPUE for all species was only 8% less than for Indian River and Bay but 76% greater than
for Little Assawoman Bay. Rehoboth Bay had the highest monthly CPUE in 3 months (June, July
and September) and second highest in 2 months (May and October). The 29 species collected
in 2012 were 10 lower than for Indian River and Bay but three more than for Little Assawoman
Bay. Rehoboth Bay had the second highest number of species collected in June, July and
September.
The five most abundant species for the year were striped killifish (48% of the total), Atlantic
silverside (19%), mummichog (14%), sheepshead minnow (10%) and spot (5%). These species
comprised 86% of the overall catch. Striped killifish was the most abundant species for each
month except July when mummichog ranked first. The vast majority of striped killifish (94%)
were collected at Kayak Launch site where it was the dominant specie in most samples. The
top four species were among the five most abundant species during all sampling months. The
other species among the top five in abundance in a month were spot (3 months), silver perch
(two), spotfin mojarra (one) and white mullet (one).
The resident species collected in every month were Atlantic silverside, mummichog,
sheepshead minnow and striped killifish. The species which were taken in six of the seven
sampling months were northern pipefish, spot and white mullet.
A total of 346 blue crabs were collected at the four sites (Table 4). The catches per site
ranged from 82 to 121 for Sites 1, 2 and 3 while the catch for Site 2 (Tower Road) was only 57.

10

Crab abundance (CPUE) increased from 3.8 per sample in April to 16.9 in June and decreased
thereafter to 0.6 in October. The monthly pattern for small crabs was similar except CPUE
decreased in May, also peaked in June at 12.8 and decreased thereafter. Medium-sized crabs
monthly CPUE pattern was the same as overall crabs except that August was slightly higher
than July (3.0 as opposed to 2.6). More than two large crabs were collected during only May
(six), September (four) and August (three).
Indian River and Bay
The seven sites located in Indian River and Bay (Table 1) yielded a total of 24,240 specimens
of 38 species of fishes in 2012 (Table 5). CPUE decreased monthly from 885 in April to 41 in
October/November. The overall CPUE and number of species were higher than either of the
other two systems. The monthly number of species increased from nine in April to 20 in June
through August and 21 during September. Twelve species were collected in
October/November. The most abundant species were mummichog (46.4% of the catch), spot
(25.0%), striped killifish (10.5%), Atlantic silverside (6.0%) and Atlantic menhaden (5.4%) which
accounted for 93.3% of the overall catch. Mummichog was the most abundant species collected
in each month from May through August, and ranked second or third in the other months. Spot
ranked first in April, second in May through June and fourth or fifth in the other months except
September. Striped killifish was the most abundant species in September, second-most
abundant in June, July and October/November. Atlantic silverside ranked first in
October/November and third or fourth in all other months, except June. Atlantic menhaden
was one of the five most abundant species during May, June and September. The only species
other than the top five which was among the five most abundant in any month was silver
perch, ranked fourth in August, September and October/November.
Ten species were collected only in Indian River and Bay during 2012. They were Atlantic
croaker, blackcheek tonguefish, crevalle jack, Florida pompano, grey snapper, hogchoker,
permit, sheepshead, spotted hake and weakfish. Eleven of the 14 target species had higher
CPUE values for Indian River and Bay than either of the other two systems. Rehoboth Bay sites
yielded the highest value for sheepshead minnow while the highest values for Atlantic
menhaden and bay anchovy were recorded in Little Assawoman Bay. A total of 29 species had
higher CPUE in Indian River and Bay than in Rehoboth or Little Assawoman bays which had the
highest CPUE for five and 10 species, respectively..
The overall blue crab catch, 3,188, was comprised of 2,352 small, 794 medium and 42 large
specimens (Table 5). The overall CPUE for the system was higher for small crabs (24.7) and
medium crabs (8.7) than either of the other two systems. The CPUE for large crabs (0.36) was
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slightly lower than for Little Assawoman Bay (0.40). The overall CPUE increased from 14.9 in
April to 79.6 in June and decreased monthly to 4.4 for October/November. The monthly
abundance patterns for small and medium crabs were the same as for the overall abundance.
June accounted for 35% of all crabs, 38.8% of small crabs and 24.6% of medium crabs. Samples
in May yielded the highest catch of large crabs (33.3%).
The overall average dissolved oxygen for Indian River and Bay samples was 6.2 mg/l. Monthly
averages decreased monthly from 8.4 mg/l for April to 4.3 mg/l for July and increased monthly
to 7.3 mg/l in October. Individual site monthly averages ranged from 3.0-10.0 mg/l. The overall
salinity average was 29.6 ppt. Monthly average for the system increased from 22.1 ppt in April
to 26.2 ppt in July and decreased monthly to 22.0 ppt in September and 22.6 in October. Water
temperature readings averaged 22.6oC for the system in 2012. Individual readings ranged from
14.4-28.8 0C. Monthly average temperature increased from 15oC in April to 27.3oC in July and
then decreased each month to 17.4oC in October.
Little Assawoman Bay
The sites on Little Assawoman Bay are Fenwick Island State Park (Site 15), Coastal Kayak (Site
16) and Bayville Shores (Site 17) in addition to Sassafras Landing (Site 18) and Strawberry
Landing (Site 20) in Assawoman Wildlife Area. A total of 9,054 fish specimens of 26 species
were collected in 2012 (Table 6). The overall CPUE of 139 was lower than for Indian River and
Bay (266) in addition to Rehoboth Bay (245). The number of species collected was also less than
the other bays (29 and 38). Overall monthly CPUE decreased substantially from 486 in April and
326 for May to 90-34 in July through September (Table 6). October’s CPUE increased to 106.
The monthly number of species collected increased from eight in April to 13-16 in May through
August and decreased to eight in October/November.
The species collected in all seven sampling months were Atlantic silverside, mummichog, spot,
striped killifish and summer flounder. No other species was collected in more than 5 months.
The most abundant species were mummichog (46.0% of the total catch), spot (16.9%), Atlantic
silverside (15.4%), sheepshead minnow (11.1%) and striped killifish (5.8%) which accounted for
95.2% of the total catch. Mummichog was the most abundant species in April and May when
94.4% of the catch of this species for the year was collected in 2012. Spot was the most
abundant species in June, second-most abundant in April, May and August in addition to being
ranked in the top five for each of the other months. Atlantic silverside was the top-ranked
species in each month from July through September and was among the top five in all other
months. The most abundant species in October/November was sheepshead minnow when
92% of the overall annual catch for this species was collected. The vast majority (91%) of the
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month’s total for this species was taken in the last sample (on November 14) at Sassafras
Landing. Only eight other specimens were collected at this site for the rest of the year.
The blue crab catch of 1,499 specimens was comprised of 1,255 small, 204 medium and 40
large crabs. Blue crab CPUE increased from 20 in April to 49 in July and decreased thereafter to
1.3 in October/November. The abundance patterns for small and medium crabs were the same
as for the overall catches of crabs except that the CPUE for August was slightly higher (3.8) than
July (2.8). The catch of large crabs was higher in June (10), May (nine), September (eight) and
August (seven) than the other months (zero to four).
Average dissolved oxygen for the system was 7.1 mg/l. The monthly average decreased from
8.7 mg/l in April and 8.6 mg/l in May to 4.6 mg/l in July and subsequently increased monthly to
8.9 in October/November (Table 23). Salinity did not show such a regular pattern as the
monthly average was lowest in September (17.1 ppt) and October/November (20.4 ppt) and
highest in July (26.3 ppt) and August (24.8 ppt). The other monthly averages were between
21.0 and 22.2 ppt. Water temperature averages exhibited an inverse pattern to dissolved
oxygen. Temperature increased monthly from April (20.5 oC) through June (29.0 oC) and July
(28.8 oC) and subsequently decreased monthly to October/November (19.4 oC).

Catch by Site
Site 1 – Kayak Launch
A total of 9,839 specimens of 15 species of fishes and 121 blue crabs were collected in 2012
(Table 7). Site 1 ranked first in specimens and ninth in species collected. The number of species
in each month was seven except for June (eight)) and July (10). The catch-per-unit-effort
decreased each month from 1,374 in April to 167 in October/November. Striped killifish was
the most abundant species in all months, except July and August, in addition for overall fishes
(58%). Mummichog was the most abundant species in July (31%) and the third-most abundant
species overall (16%). Sheepshead minnow was the most abundant species in August (35%)
and second most abundant overall (13%). The other species in the top five were Atlantic
silverside (10%) and silver perch (1%). These five species accounted for 93% of the catch for the
site.
The overall catch of blue crabs was highest in June (52). The catches of the other months
ranged between 10 and 17 except for October/November (three). Small crabs were most
abundant in June (42, 57% of the yearly total) and April (12, 16%). Medium crabs were most
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abundant in August (12, 27%), June (10, 23%) and July (9, 20%). Large crabs were only collected
in September (two) and July (one).
Site 1 had the 10th highest annual overall average for dissolved oxygen, highest for salinity and
lowest for water temperature. Individual dissolved oxygen readings ranged from 3.0 mg/l to
10.0 mg/l. Only three readings were less than 5.0 mg/l. Monthly dissolved oxygen averages
ranged from 4.7 mg/l to 8.6 mg/l with an overall average of 6.5 mg/l (Table 23). The highest
averages, all in excess of 7.5 mg/l, were recorded for April, May and October/November while
the lowest averages of slightly less than 5.0 mg/l occurred in June and August. Salinity was
much more stable at this site with monthly averages which ranged between 26.9 ppt and 30.5
ppt. Individual readings varied from 24.6 ppt to 30.6 ppt with only two readings below 27.0 ppt.
Average salinity was in excess of 30 ppt in June and July while the values for April, May and
October/November were less than or equal to 28 ppt. The annual average was 28.9 ppt. Water
temperature increased each month from 15.2 0C in April to 27.8 0C in July and then decreased
monthly to 13.1 0C for October/November. The overall average was 21.1 0C.
Site 2 - Tower Road-Bayside
A total of 1,112 specimens of 16 species were collected in 2012 (Table 8). The number of
specimens ranked 13th whereas the number of species ranked ninth of all the sites. Atlantic
silverside (51%) and spot (36.6%) dominated the catch. Along with silver perch (4.0%), Atlantic
menhaden (2.3%) and striped killifish (2.0%), the five most abundant species accounted for 96%
of the catch. Atlantic silverside accounted for the majority of the catch in April, May and
September while spot, silver perch and striped killifish were the most abundant species in June,
July and August, respectively (Table 8). Fish CPUE increased from April to May and subsequently
decreased monthly through November. The number of species collected increased from two in
April to 11 in June and was three to five in July through September.
The blue crab catch (30 specimens) was comprised of 10 small, 15 medium and five large
individuals. Forty-five percent of all crabs, 50% of small crabs and 86% of medium crabs were
collected in June. No other month had a catch in excess of four crabs.
Monthly dissolved oxygen ranged from 4.7 mg/l in August to 8.6 mg/l in May and averaged
6.8 mg/l for 2012 (Table 23). Individual readings ranged from 4.5 mg/l to 9.8 mg/l. Salinity at
this site had a narrow range of 24.6 ppt to 30 ppt for individual samples and 26.5 ppt to 30 ppt
monthly averages. The overall average was 27.7 ppt. Individual water temperature readings
ranged from 9.3 0C to 31 0C with monthly averages of 12.5 to 28.4 0C in October/November and
July, respectively. The overall average of 21.2 0C was the second lowest of all the sites.

14

Site 2 - Day-Night Sampling
Sampling was conducted at night on June 7 during the same tidal stage as the daytime
sample. The overall numbers of specimens were similar for daytime (66) as well as nighttime
(76) and six species were collected in both samplings. The species collected only during daytime
were Atlantic menhaden, northern pipefish, and white mullet while mummichog, striped cuskeel and winter flounder were taken only at night (Table 8A). Atlantic menhaden and spot
accounted for nearly 80% (55% and 24%, respectively) of the day catch while spot (75%) and
Atlantic silverside (16%) dominated the night sample. All of the species collected in both
samples had higher average lengths in the night sample (Table 8B). Atlantic silverside (average
length of 102.7 mm as opposed to 91 mm) along with bay anchovy (76.0 mm/68.2 mm) and
spot (77.8 mm/67.2 mm) were the species taken in both samples (Table 8B). The sample size is
too small to hypothesize that larger specimens occupy the shore zone at night.
Blue crab catches were nearly identical during day (18) and night (17). However, the catches
of small and medium crabs were exactly interchanged from day (5 small, 12 medium) to night
(12 small, 5 medium). The only large crab was collected during daytime.
Site 3 – Rehoboth Beach Country Club
A total of 575 specimens of 15 species of fishes and 103 blue crabs were collected in 2012
(Table 9). Site 3 ranked No. 15 in specimens and No. 6 in species collected. The number of
species collected increased from four in April to nine and 10 in May and June then decreased
monthly to one during October (Table 9). The catch-per-unit-effort increased from April (62)
through June (564) and then significantly decreased from July (160) to September (four) and
October/November (four). Atlantic silverside was the most abundant species for all months
with the exception of July and September. Striped killifish was the most abundant in July
(63.1%) and in September there was only one specimen of each of four species caught. Over
the entire sampling period, Atlantic silverside represented 64.4% of the catch. The second to
fourth most abundant species were striped killifish (20.3%), spot (6.6%) and mummichog
(5.3%). These four species accounted for 96.8% of the catch for this site.
Rehoboth Country Club ranked 12th in overall crab catch, 14th for small crabs and eighth for
medium and large crabs. The overall catch of blue crabs was highest in May (40). The catches
of the other months ranged between zero and 27 with three of the months each having total
catches of 12 (Table 9). Small and medium crabs were most abundant in June and May. Large
crabs were less abundant: specimens only occurred in the catch during May and August with
only three in each month. For the total Blue Crab catch at this site, 37.8% were small, 56.3%
were medium and 5.8% were large.
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Site 3 had the 10th highest annual overall average for dissolved oxygen (5.8 mg/l), fifth highest
for salinity (26.9 ppt) and ninth highest for water temperature (22.7 0C). Monthly readings for
dissolved oxygen ranged from 3.5 to 10.8 mg/l (Table 23). The two highest dissolved oxygen
averages were for the months of April (10.8 mg/l) and May (9 mg/l). The two lowest averages
were for August (3.5 mg/l) and September (4.7mg/l). Salinity across the sampling period ranged
from 24.7 ppt in May to 29.7 ppt in July. Four of the months sampled were below the average
salinity, one month was equal to the average and 2 months were above average (26.4 ppt).
Water temperature ranged from a low of16.6 0C. for October/November to a high of 30.7 0C. in
July. Temperatures showed an increase from April through July and then a decrease from
August until October/November Three of the months sampled were below the overall
average water temperature (April, May and October/November) while the other 4 months
were above the average of 22.7 0C (Table 23).
Site 4 – Herring Landing
A total of 1,202 specimens of 15 species of fishes and 82 blue crabs were collected in 2012 at
Site 4 (Table 10). Site 4 ranked number 11 in both number of specimens and species collected.
The number of species ranged from two to 10 in each month. The months of July and August
had the highest species diversity. May, June and September each had four species while April
and October/November had three and two. The catch-per–unit-effort increased from April (62)
through June (564) and then decreased from July (160) to October/November (8). Atlantic
silverside was the most abundant species overall (64.4%) and was also the most abundant in all
months with the exception of July. In July, striped killifish was the most abundant species
(63.1% of the catch) and was the second most abundant species overall (20.3%). Ranked third
to fifth overall were striped anchovy (6.6%), mummichog (5.3%) and white mullet (1.4%). These
five species accounted for 98.3% of the catch for this site.
The overall catch of blue crabs peaked in June (27). The catches for the months of July to
September were 16 or 17 while April (1), May (4) and October/November (0) had very few
specimens. Small crabs were most abundant in June (25, 30.4% of the yearly total) and August
(15, 18.2%). Medium crabs were most numerous in July (9, 10.9%) and September (5, 6%).
Large adult crabs were only collected in September (two). Small crabs made up 72.9% of the
overall total while medium crabs and large crabs accounted for 25.6% and 2.4%, respectively.
Site 4 had the third highest annual overall average for dissolved oxygen (7.1 mg/l), second
highest for salinity (28.6 ppt) and the fourth highest temperature (24.6 0C). Monthly dissolved
oxygen readings ranged from a low of 5.5 mg/l in August to a high of 9.4 mg/l in April (Table
23). The warmest months of June through September had the lowest readings (5.5 mg/l-6.4
mg/l) while the cooler months of April, May and October/November had the highest range (8-
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9.4 mg/l). Monthly salinity readings ranged from 27 ppt in October/November to 30.3 ppt. in
July. The other months’ averages were within a narrower range of 28.1 to 29.4 ppt. Three
months were below the overall average and four were above (Table 22). Water temperature
increased from April through July and then decreased from August through October/November.
The 2 months at the beginning of the season and the 2 months at the end were below the
overall average while the 3 months in the middle were above the average.
Site 5 – The Peninsula
The number of fish specimens collected at The Peninsula (6,922) was the second highest total
for a site. However, the 29 species collected (Table 11) was the highest site total by eight.
Atlantic silverside, mummichog, spot and striped killifish were collected in all seven sampling
months, white mullet was taken in 6 months and bay anchovy in addition to pinfish were
collected in 5 months. Fish abundance (CPUE) decreased from 1,761 in April to 491 in May,
increased monthly to 744 in July and decreased monthly to 61 during October. The number of
species collected increased from four in April to 16 in July and decreased monthly to eight in
October.
The most abundant species were mummichog (42.2% of catch), spot (25.8%), striped killifish
(17.4%), Atlantic silverside (3.9%) and Atlantic menhaden (3.4%) which accounted for 92.6% of
the overall catch. Silver perch (3.0%) and white mullet (1.4%) brought the total to 97%.
Mummichog was the most abundant species for each month from May through August, second
in September, third in April and fifth in October. Spot was the most abundant species in April
and second through fifth in May, June and September. Striped killifish abundance was the
highest for a species in September and second highest in May, July, August and September. It
was also among the five most abundant in the other months. Atlantic silverside was the most
abundant species in September and among the five most abundant species in all other months
except June. The other species among the top five in a month were silver perch (3 months),
Atlantic menhaden (2 months), northern pipefish (2 months), oyster toadfish (1 month) and
white mullet (1 month).
Overall blue crab catch (386) was comprised of 290 small, 98 medium and eight large
specimens. The overall catch ranked fifth among the sites, the small crab catch ranked sixth
while both medium and large crab catches ranked fourth. Small crab abundance (CPUE)
increased monthly from 3.5 in April through 46 in June. CPUE values or July through October
were 16.5, 25.5, 17, and 1.5. The pattern mirrored that of small crabs. Medium crab CPUE was
5.5/sample in April and May followed by 9.5, 6, 19, 2.5 and 1 in the successive months. Large
crabs were sporadically collected in August (four), May (two) and October (two).
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Dissolved oxygen averaged 5.9 mg/l for all samples (Table 23). Monthly averages decreased
from April and May (8.1 mg/l), to June through August (4.5 or 4.6 mg/l) and subsequently
increased through October (6.3 mg/l). Overall salinity averaged 27.7 ppt and monthly averages
increased from 23.9 ppt in April to 29.3-29.6 ppt in June through August and then decreased to
27.9 and 27.2 ppt in September and October respectively. Water temperature exhibited a
smoother pattern of monthly increase from April (15.5 oC) through July (28.8 oC) and
subsequent decrease monthly to 19.9 oC in October. The overall average was 23.0 oC.
Site 6 - Rosedale Beach
A total of 3,156 specimens of 21 species of fishes and 608 blue crabs were collected in 2012
(Table 12). Site 6 ranked fifth in fish specimens and number two in species collected. The
number of species collected in October was eight, April and July yielded nine species; 11 species
were collected in May, August and September and 16 were taken in June. The catch-per-uniteffort decreased each month from 1,710 in April to 96 in October. Spot was the most abundant
species in all months, except September and October, and ranked first overall (2,266
specimens) with the largest collection of 1,508 in April. Mummichog ranked second at 393 with
also the largest number (178) collected in April. The third-most abundant species was Atlantic
silverside (173), with the largest amount (60) collected in October. Striped killifish was the
fourth most abundant species overall (147), 41 were collected in June. Pinfish, a new species for
this site, ranked fifth (46), 21 were taken in May. These five species accounted for 95.8 % of the
catch for this site. The other specie new to the site was northern kingfish.
The total crab catch was 608. The overall catch of blue crabs was highest in June (229). May
and July through September catches ranged between 64 and 71. Only 48 and 17 were collected
in April and September. The catch of small crabs was 443 with the highest monthly catch in
June (206). A total of 156 medium crabs were collected with the most (38) caught in
September. The overall total and number of small and medium crabs ranked second among all
the sites. Only nine adult crabs (third highest total for all sites) were collected; four caught in
May.
Site 6 had the lowest annual overall average for dissolved oxygen (5.7 mg/l), third lowest for
salinity (20.2 ppt) and eighth lowest for water temperature (23.8 0C). Monthly average
dissolved oxygen readings (Table 23) ranged from 3.0 mg/l (August) to 9.6 mg/l (April). The
lowest monthly salinity was recorded in April (17.8ppt) while the highest average of 25.2 ppt
was recorded in August. Average water temperature in April was 16.1 0C, increased to 28.7 0C
in July and decreased to 20.1 0C for October.
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Site 8 - Sandy Beach
A total of 4,383 specimens of 18 species of fishes and 1,149 blue crabs were collected in 2012
(Table 13). Sandy Beach ranked third in specimens and fifth in species collected. The lowest
number of species was collected in April (five). The number increased to nine in May, 10 in June
and 13 in July. August, September and October samples yielded eight, 11 and six species. The
catch-per-unit-effort decreased each month from 1,627 in April to 113 in October. Mummichog
was the most abundant species in all months except May, August and October when spot,
Atlantic menhaden and bay anchovy were the most abundant species. Mummichog ranked first
with 2,261 collected and had the largest collection of 1,582 in April. Atlantic menhaden ranked
second with 1,058 and had the largest number of specimens (835) collected in May. The thirdmost abundant species was spot (494), with the largest amount (388) collected in May. Bay
anchovy was the fourth most abundant species overall (169) with the highest (82) number
collected in October. Striped killifish was fifth at 132 with the most (81) collected in June.
These five species accounted for 92.7% of the catch for this site. The seven species new to the
site in 2012 were bluefish (three specimens), crevalle jack (one), inland silverside (23), pinfish
(eight), sheepshead minnow (eight), striped anchovy (one) and striped mullet (one).
Sandy Beach accounted for the highest site total for Atlantic menhaden (74.1% of the overall
catch), bay anchovy (29.6%) and inland silverside (100%). Additionally the site had the second
highest catch of summer flounder and had the third highest totals for mummichog, silver perch
and weakfish. No other site was in the top three for so many of the 14 target species.
The overall catch of blue crabs was the highest of any site (1,149), nearly 90% higher than at
Rosedale Beach, the site with the next highest catch. Crab catches were highest during June at
466, July at 422 and May at 114. The overall small crab catch was 910 and this size crab was
most abundant in June (422). A total of 231 medium crabs were collected with the highest
monthly total in July (91). The catch of large crabs was eight, three of which were caught in May
(Table 13).
Site 8 had the fifth lowest overall average for dissolved oxygen (6.6 mg/l), lowest for salinity
(17.6 ppt) and seventh lowest for water temperature (24.3 0C). Average monthly dissolved
oxygen readings (Table 23) ranged from 3.4 mg/1 (August) to 10.9 mg/l (April). Monthly salinity
was lowest in September (10.4 ppt) and highest (21.7 ppt) in July. Water temperature in April
was 15.9 0C, increased each month through July (28.5 0C) and decreased to 20.7 0C for October.
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Site 10-Pools Point
In 2012, the Pools Point sampling site ranked similarly to 2011. Total fish catch increased from
seventh to sixth (3,119) but species richness remained 12th with 14 species collected in both
years. Six species caught in 2011 (American eel, bluefish, cownose ray, striped anchovy, striped
bass and summer flounder) were absent from 2012 catches, but were replaced by six new
species for the site: Atlantic menhaden, Florida pompano, northern kingfish, pinfish, spot and
spotfin mojarra. Mummichog and spot were the dominant species in 2012 (73.9% and 20.7 % of
overall catch). These species in addition to Atlantic silverside (2.9%) and striped killifish (1.4%)
accounted for 98.9% of the overall catch (Table 14). Monthly species richness peaked at nine
species in August while seven were collected in June and July. Overall CPUE increased from 430
in April to 1,033 in May, decreased to 55.5 and 48 for June and July, increased to 185 for August
and decreased to 21 and two in September and October. Spot was the dominant species in
April and June, mummichog during May, June and August; Atlantic silverside, striped killifish
and spot dominated in September.
The overall blue crab catch (219) ranked tenth while the catches of small (146), medium (67)
and large (5) crabs ranked tenth, seventh and ninth. The majority of the overall (96.8%), small
(96.6%) and medium (97.1%) crab catches were collected during June through September
(Table 14). Four of the five large crabs were taken during June.
Overall dissolved oxygen, salinity and water temperature average readings were 6.6 mg/l,
22.2 ppt and 22.4 0C (Table 23). Dissolved oxygen was higher than 4.8 mg/l in all months except
August and September (3.4 and 3.9 mg/l). Salinity averaged between 21.2 ppt and 24.9 ppt
during all months except October/November (17.7 ppt). Monthly average water temperature
was higher than 21 0C for all months except April (18.8 0C).
Site 11 - Holts Landing State Park
Catches during 2012 at Holts Landing State Park ranked third overall in species richness (20
species), one rank higher than in 2011), but dropped from third in 2011 abundance (4,854) to
eighth in 2012 (2,743). Six species were taken in April (166 specimens), the number of species
rose to 11 in August (764), and decreased to six in October/November (114). Mummichog
(N=1,293; 47% of total catch), striped killifish (368; 13%), Spot (357; 13%), Atlantic silverside
(286; 10%), and white mullet (233; 8.5%) were the five most abundant species and accounted
for 92.5% of the fish catch (Table 15). Black sea bass, blackcheek tonguefish, northern pipefish,
spotted hake, striped bass, and striped mullet were new species caught at this site in 2012, but
not in great abundance (a combined 0.65% of the total catch).
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A total of 327 blue crabs were caught for an average of 25 per sample. Small crabs (167) and
medium crabs (153) were present in each month but large crabs (seven) were only caught from
June through September. Site 11 ranked ninth for small, third for medium and sixth for large
crab catches among the 16 sampling sites.
The overall dissolved oxygen average was 6.2 mg/l (Table 23). Monthly averages ranged
between 6.2 and 7.5 mg/l except for September which was 3.5 mg/l. Salinity (overall average of
25.5 ppt) monthly averages ranged between 23.2 ppt and 27.9 ppt. Water temperature (overall
average of 21.8 0C) monthly average increased from 16.6 to 26.0 0C in April / May and
decreased monthly from 23.5 0C in June to 15.2 0C during October.
Site 12 – Bethany Bay
Bethany Bay ranked similarly among all sites in fish abundance (seventh) and species richness
(sixth) as it had in 2011 (sixth and fifth). A total of 3,070 specimens were caught during 2012
and were represented by 17 species (Table 16). The five most abundant species were
mummichog (1,878 specimens; 61% of total catch), striped killifish (542; 18%), spot (492; 16%),
Atlantic silverside (75; 2%), and silver perch (63; 2%). They represented 99.3% of the total
catch. June seining yielded the highest catch (1,166), while October/November yielded the
smallest (107). Species richness increased from three in April to eight in May, July, August and
September, and four in October/November. June samples yielded 16 species.
A total of 424 Blue Crabs were caught at Bethany Bay which included 343 small, 76 medium
and five large specimens. These totals ranked third, fifth, sixth and ninth among all the sites
Small crabs were present in all sampling months, medium crabs were present from May
through November and adult crabs were present during May, August and September.
The overall averages for dissolved oxygen, salinity and water temperature readings were 6.4
mg/l, 25.8 ppt and 21.3 0C (Table 23). Monthly dissolved oxygen average decreased from
7.6mg/l in April to 5.7 mg/l in July, was higher in August, lower in September and highest at 8.1
mg/l for October/November (Table 23). Salinity averaged between 23.5 ppt for October/
November and 28.6 ppt for August. Average water temperature steadily increased from 15.5 0C
in April to 26.5 0C for July and decreased monthly thereafter to 22.6 0C for September. The
average for October/November was 24.9 0C.
Cedar Shores – Site 13
A total of 847 fish were caught at Cedar Shores in 2012 (Table 17), 663 fewer than in 2011.
The catch ranked 14th out of all the sites. Despite a decrease in fish catch, Cedar Shores again
ranked sixth in species richness with 17 species in both 2011 and 2012 The five most abundant

21

species were Atlantic silverside (N=447), mummichog (203), striped killifish (114), silver perch
(26) and bay anchovy (16). These species represented 95% of the total catch. CPUE was 185 in
April, decreased monthly to 48.5 in July, increased to 109 in August and decreased to 11 in
October.
Sixty-five blue crabs were caught during 2012. Small crabs (N=53) were present during all
sampling months while medium crabs (12) were present in all months except May. The majority
of crabs were caught in June (41; 36 small, five medium). The average for the other months was
four. The ranks among all the sites for each size class and the overall catch ranked between 13 th
and 15th.
The average water temperature, dissolved oxygen and salinity were 21.40C, 6.2 mg/l and 25.7
ppt (Table 23). Water temperature increased monthly from April (14.4 0C) through July (27.6 0C)
and decreased monthly thereafter through October/November (15.3 0C). Salinity was
moderately high through the year and averaged 23.2-26.5 ppt per month. Monthly dissolved
oxygen averaged 5.5 mg/l to 7.8 mg/l in all months except July (4.6 mg/l) and August (4.9 mg/l).
Site 15-Fenwick Island State Park
Fenwick Island State Park was ranked 10th in the number of fish specimens collected (1,449).
CPUE increased from 119 in April to 257.5 in May, decreased to 131 in June, increased again to
149.5 for July and decreased monthly thereafter to 28.5 in October (Table 18). The 12 species
collected ranked 15th of the 16 sites. The number of species ranged between three and five in
all months except May when eight were collected.
Five species registered catches of more than 25 specimens. Atlantic silverside accounted for
about half of the catch (50.4%) while mummichog (24.2%), spot (11.4%), striped killifish (10.9%)
and sheepshead minnow (2.4%) brought the total contribution of these species to 99.3% of the
overall site catch. Only the catch of Atlantic silverside (754) was among the five highest site
totals for this species (third highest). Mummichog was the most abundant species in April
(93.2%) and May (37.7%) while striped killifish was the most abundant species in June (35.1%).
Atlantic silverside dominated the catch thereafter with 87.8 - 92.3% of each month’s total.
The overall blue crab catch (223) was ninth highest for the sites while the catches of small,
medium and large crabs ranked eighth, twelfth and sixth among the sites. The monthly small
crab catches ranked fourth in April and first in May when 56% of the small crabs were collected
at the site. There were only 3 months when more than three medium crabs were collected,
May (10), August (nine) and September (six). These months accounted for 86.2% of the total
medium crab catch (Table 18). Large crabs were collected only during May (three) and June
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(four). The large crab catches ranked first and third for the respective months among all the
sites.
Annual average readings for dissolved oxygen, salinity and water temperature ranked third
(7.7 mg/l), ninth (23.8 ppt) and sixth (24.3 oC) among the sites. Monthly dissolved oxygen
averages decreased from 8.1 mg/l in April and 8.7 mg/l in May to 4.3 mg/l for August and
subsequently increased to 9.5 mg/l in October/November (Table 23). Salinity averages were
within the range of 22.0-22.5 ppt from April through June, increased to 25 ppt and 26.4 ppt in
July and August and decreased to 19.7 ppt and 21.6 ppt for September and October/November.
As with many other sites, water temperature increased from in April (18.3 mg/l) to July (29.8o C)
and decreased monthly thereafter to 18.8o C for October/November.
Site 16 – Coastal Kayak
Coastal Kayak was ranked lowest for the number of specimens (847) and species collected
(10) for any of the sites. Fish CPUE increased from 24 in April to 75.5 for May, decreased to 9.0
for July and subsequently increased to 55.5 in October. The number of species was either three
or four for all months except May (six) and June (five). Three species, bay anchovy, pinfish and
spot, were collected at this site for the first time in 2012. Atlantic silverside (35.2% of the
overall catch), spot (15.5%), sheepshead minnow (15.0%), mummichog (12.8%), striped killifish
(13.0%) and bay anchovy (7.2%) accounted for 98.7% of the catch at this site. April’s catch was
comprised of mummichog (58.3%) and spot (41.7%) while the May catch was dominated by
those two species (31.8% and 30.5%) and striped killifish (33.1%). Atlantic silverside was the
most abundant species in each month from June through September and accounted for 40-82%
of each month’s catch (Table 19). Sheepshead minnow (69.4%) and Atlantic silverside (29.7%)
accounted for nearly all of the October catch. Bay anchovy and striped bass were the only
target species for which Coastal Kayak ranked in the top five sites (third and second).
The blue crab catch was the lowest overall (28) and for medium (11) and large (zero) crabs.
The small crab catch (17) was second lowest to Tower Road. Most of the small and medium
crabs were collected during April. No other month had more than four crabs collected (Table
19).
Coastal Kayak had the highest overall average dissolved oxygen (7.7 mg/l), below average
salinity (22.5 ppt, ranked 10th), and well above average water temperature (24.3oC; ranked
third). Average monthly dissolved oxygen increased from 9.9 mg/l in April to 10.3 mg/l in May,
decreased to 4.9 mg/l for July and remained high (6.0-8.0 mg/l) through October (Table 23).
Salinity was within a relatively narrow range throughout most of the sampling season with
monthly averages of 20.4-23.2 ppt. The exception was July which averaged 26.4 ppt. Water
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temperature increased from 20.9oC in April to 30.2oC in June and 29.6oC in July. Average
readings decreased monthly thereafter to 20.4oC for October.
Site 17 – Bayville Shore
Bayville Shores ranked fourth in the number of fish specimens (3,363) and species (19) during
2012. Monthly CPUE decreased from 1,584 in April and 652.5 in May to 33.5 in July, increased
in August (67) and decreased thereafter to 10 in October. The number of species collected
during each month increased from six in April to eight or nine in each month from May through
August and decreased thereafter to four in October (Table 20).
The four most abundant species were mummichog (64.2%), spot (20.8%), Atlantic silverside
(6.8%) and striped killifish (5.6%) which accounted for 97.4% of the overall catch. Mummichog
was the most numerous fish during April (93.6% of the catch) in addition to May (40.3%). Spot
was the most abundant species in June (40.3%) and July (58.7%) while Atlantic silverside was
the most numerous specie during August through October (46.3% - 60%). Spot was the second
ranked species in all months when it was not ranked first. Bayville Shores ranked in the top five
sites for five of the 14 target species. These species were bluefish (first), silver perch (third),
spot (third), summer flounder (third) and mummichog (fourth). Only four sites, The Peninsula
(nine), Rosedale Beach (eight), Sandy Beach (seven) and Kayak Launch (five), had equal to or
more target species which were ranked in their respective top five for all the sites.
Blue crab overall and small crab abundances ranked fourth among the sites. Medium crabs
ranked sixth while the large crab catch was the highest of all the sites. The monthly CPUE for
small crabs was highest in June (83) and May (55.5) while the other months ranged between
0.5 in July and 14.5 in September. CPUE for medium crabs was highest for June (9.5) and August
(9.0) while the balance of the monthly averages only ranged between 1.0 and 5.0 (Table 17).
The overall average for dissolved oxygen (6.7 mg/l) was sixth highest among the sites while
salinity (21.3 ppt) was twelfth highest and water temperature (24.9 0C) was third highest (Table
23). Monthly average dissolved oxygen decreased from 9.9 mg/l in April to 2.7 mg/l during July
and subsequently increased to 7.8 mg/l for October. Average salinity ranged between 22 and 25
ppt in each month except July when the average was 27.1 ppt. Water temperature increased
from 21.0 0C for April to 28.5 0C for June, decreased to 27.5 0C in July, increased to 28.8 0C for
August and decreased monthly to 20.1 0C for October.
Site 18 - Sassafras Landing
A total of 2,511 specimens of 14 species of fishes and 412 blue crabs were collected in 2012
(Table 21). Site 18 ranked ninth in fish specimens and twelfth in species collected. The number
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of species collected in April was four (Table 20). September and October both yielded six
species while eight species were taken in July and nine species were collected in May, June and
August. The catch-per-unit-effort varied from 110 in April to 460 in May, 158 in June and 75 in
July. CPUE dipped in August and September to 38.5 / 35 and then significantly increased to 435
in October when the unexpected catch of 846 sheepshead minnow was taken. Very few
specimens were collected previously at the site and the sample was collected at high tide when
sheepshead minnows prefer to be in marsh habitats for feeding and predator avoidance. Large
marsh areas are located directly across Miller Creek from Sassafras Landing.
Mummichog was the most abundant specie in all months, except July and August, and
ranked first overall at 876 (34.9% of the site catch) collected with the largest collection of 686 in
May. Sheepshead minnow ranked second at 854 (34.0%) with the vast majority (848) collected
in October when 846 were unexpectedly collected on the 20th. The third most abundant
species was spot (244, 13.1%), with the largest amount (125) collected in May. Atlantic
silverside was the fourth most abundant specie overall (201, 8.0%) with 137 collected in June.
Bay anchovy ranked fifth at 177 (7.0%) with 85 collected in July. This species was the most
abundant for July and August (Table 21). The top five species accounted for 96.1% of the catch
for this site. Species new to the site in 2012 were hogchoker, largemouth bass, rainwater
killifish and spotfin mojarra.
The catches of three target species ranked each of them in the top five among the sites. Those
species and ranks were Atlantic menhaden (third), bay anchovy (third) and summer flounder
(third).
The site rankings for blue crab were fifth for overall catch, fourth for small crabs, ninth for
medium crabs and second for large crabs. The overall catch of blue crabs was highest in June
(120) but significantly decreased to 63 in July (Table 21). Collections in April and May were
similar at 77 and 79. August and September yielded 57 and 11 with a decrease to five in
October. The catch of small crabs was 358 with the highest monthly catch in June (92). Fortyone medium crabs were collected with the most, 22, caught in June. Only 11 adult crabs were
collected, six of which were taken in June.
Site 18 had the highest annual overall average for dissolved oxygen (7.3 mg/l), second lowest
for salinity (19.8 ppt) and second highest for water temperature (25.1 0C). Monthly average
dissolved oxygen readings (Table 23) ranged from 8.4 mg/1 to 6.8 mg/l for all months except
August at 5.6 mg/l. The lowest average monthly salinity was recorded in August (18.9 ppt)
while the highest of 25.6 ppt was recorded in July. Average water temperature in April was 22
0
C, increased to 29.4 0C in June and decreased to 18.9 0C for October.
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Site 20 – Strawberry Landing
The catch of 1,167 fish specimens and 13 species ranked 12th and 14th, among the sites for
2012). More than 82% of the specimens were collected in April (50.8%) and May (31.5%).
Mummichog was the most numerous species during April, May and July while spot was the
most abundant in June, August and September (Table 22). The most abundant specie overall
were mummichog (60.2% of the catch), spot (28.6%), striped killifish (4.7%) and Atlantic
silverside (2.5%) which accounted for 96.0% of the catch.
A total of 290 blue crabs were collected. The catch consisted of 249 small, 38 medium and
three large specimens. Strawberry Landing ranked eighth in overall crab abundance, seventh
for small crabs, 10th for medium crabs and 12th for large crabs. Small crabs were most
numerous in June (124 specimens) and July (51) while the majority of medium crabs were
collected in September (11), June (10) and August (nine). Large crabs were taken only in July
(two) and August (one).
The overall averages for dissolved oxygen, salinity and water temperature were 6.8 mg/l, 21.4
ppt and 24.5 oC (Table 23). Dissolved oxygen monthly averages ranged between 6.2 and 10.3
mg/l for all months except July (3.1 mg/l) and August (5.4 mg/l). Salinity was consistently above
20 ppt from April (20.2 ppt) through July (26.8 ppt) and August (25.5 ppt) while September
(16.4 ppt) and October/November (19.4 ppt) were less than 20 ppt. Water temperature
increased monthly from April (20.1oC) through June and August (28.2-29.0oC) and decreased to
19.0oC for October/November.

Target Species Descriptions
Atlantic croaker
Only five specimens were collected in 2012. Three were collected in June at Rosedale Beach
(115-165 mm in length) while one was collected during June and July at Sandy Beach. The
lengths of those specimens were 140mm and 155 mm.
Atlantic menhaden
Atlantic menhaden was the sixth most abundant specie collected during 2012 (Table 3). It
was present during May through September with nearly 99% of the catch taken in May (71.8%)
and June (27.0%). CPUE for Indian River and Bay sites (14.4) was more than 14 times higher
than the averages for either Little Assawoman Bay (1.0) or Rehoboth Bay (0.9). May and June
samples yielded 92-100% of the annual menhaden catches in each system (Tables 4-6).
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Sandy Beach and The Peninsula accounted for almost 92% of the total catch (74.1% and
16.6%). The only other sites with catches of more than 20 specimens were Sassafras Landing
and Tower Road which accounted for 4.5% and 2.5%. The top three sites all shared the
characteristic of a mud or mud and silt substrate. The bottom at Tower Road is sand. The only
large catch in a month other than May / June was the 60 collected in September at Sandy
Beach. No specimens were collected at half of the sites.
Atlantic silverside
Atlantic silverside was the fourth most abundant specie collected during 2012 (Table 3). It
was also ranked second for Rehoboth Bay, third for Indian River/Bay and third for Little
Assawoman Bay (Tables 4-6). This species was collected in all sampling months with highest
catches in May (34.7% of the overall catch), June (18.6%), July (15.1%) and August (15.1%).
Catches were recorded for all sites (Tables 7-22) with the highest totals at Kayak Launch (977,
18.4%), Herring Landing (775, 14.6%), Fenwick Island State Park (754, 14.2%), Tower Road (569,
10.7%) and Cedar Shores (447, 9.5%). All of these sites except Herring Landing have sand or
sand and silt substrate.
The overall CPUE was higher in Rehoboth Bay (47.4 per sample) than in Little Assawoman Bay
(21.4) or Indian River and Bay (15.9). The monthly pattern of abundance varied between the
systems. Atlantic silverside was most abundant in Rehoboth Bay during July (CPUE of 88.8),
May (66.5), and April (64.5) while the highest monthly CPUE values for Indian River and Bay
were recorded in April (36.7), August (27.3), May (19.6) and October/November (14.7). The
highest months for Little Assawoman were July (29.3), May (27.7), August (26.6), June (24.5)
and September (20.4). .
Bay anchovy
Bay anchovy ranked eighth in overall abundance for 2012. It was collected during all months
after April with more than 10% of the overall catch in each month except June (6.1%). The
highest abundance occurred in September (20.7%), October/November (16.1%), and August
(15.3%). Overall CPUE values were almost identical for sites in Indian River and Bay (3.51) and
Little Assawoman Bay (3.50) which were nearly 88 times higher than for Rehoboth Bay (0.4).
The highest monthly catch totals for Rehoboth Bay were recorded in June (39.1%) and July
(30.4%). Sites in Indian River and Bay yielded the highest totals in October (28.8%), July
(24.1%), May (19.4%) and September (15.0%). Samples in Little Assawoman Bay had highest
abundance in July (37.4%), August (30.0%) and September (30.0%). More than 75% of the
overall catch was taken at Sassafras landing (31.1%), Sandy Beach (29.6%) and Holts Landing
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State Park (15.1%). The monthly contribution to each of those sites exhibited substantial
variation. Sassafras Landing had the largest catches in July (47.5%), September (32.2%) and
August (18.1%). The highest abundances at Sandy Beach occurred during October (48.5%),
September (25.4%) and May (15.8%). Holt’s Landing State Park highest catches were made in
July (66.3%) and May (32.9%).
Bluefish
The 13 bluefish collected in 2012 ranked as the 24th highest species catch. All of the bluefish
were young-of- the-year and taken in May (three) and June (10). Three specimens were
collected in both Rehoboth and Little Assawoman bays while seven were collected in Indian
River and Bay. The highest catches of three specimens were taken at Sandy Beach and Bayville
Shores.
Mummichog
Mummichog was the most abundant specie for each of the three systems. Indian River and
Bay accounted for slightly more than 75% of the overall catch. The highest monthly CPUE
values were reported at Sandy Beach (1,582) and Bayville Shores (1,482) in April and Pools
Point (951) in May. The highest monthly value for each of the 16 sites was recorded during the
period April through July.
The sites with catches of more than 1,250 specimens were The Peninsula (2,921), Pools Point
(2,304), Sandy Beach (2,261), Bayville Shores (2,159), Holts Landing State Park (1,293) and
Bethany Bay (1,878). The lowest catches were recorded at Tower Road (one), Herring Landing
(64) and Coastal Kayak (66).
Overall CPUE was substantially higher in Indian River and Bay (123.6) than either Little
Assawoman (64.1) or Rehoboth bays (35). The highest monthly CPUE values were recorded for
Indian River and Bay during April (328.1) and May (232.1). April and May also had the highest
CPUE values for Little Assawoman Bay at 437.6 and 174.6. The months with the highest
abundance in Rehoboth Bay were July (88.8), May (66.5) and April (64.5).
Silver perch
Silver perch was the seventh most abundant species collected during 2012 (Table 3). It
was present in each sampling month with the exception of May and June. The months of July
(32.3%) and August (49.1%) accounted for 81.4% of the total catch. Annual CPUE for Indian
River and Bay was 5.0 followed by 3.5 for Rehoboth Bay and 0.2 for Little Assawoman Bay
(Tables 4-6). Sampling in Indian River and Bay yielded 70.6% of the total silver perch catch. July
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accounted for 65.2% of the Indian River and Bay catch. Rehoboth Bay yielded 27.8% of the
overall catch with 91.1% of that system’s catch taken in July. Little Assawoman Bay sites
produced only 1.5% of the total 2012 catch. The highest monthly catch total was only seven
specimens. The only other specimens (three) were collected during September.
The Peninsula (32.3%), Kayak Launch (17.0%), Sandy Beach (16.3%), Bethany Bay (9.7%)
and Tower Road (6.9%) accounted for 82.2% of the total catch. Other sites with more than 10
specimens were Rosedale Beach (3.2%), Rehoboth Beach Country Club (3.7%), Cedar Shores
(4.0%) and Holts Landing State Park (4.7%). The Peninsula has a sand substrate close to shore
and mud offshore. The next highest site, Kayak Launch, has all sand substrate. The third ranked
site (Sandy Beach) has mud substrate while Bethany Bay has a substrate of a mud and sand mix.
Tower Road site has sand substrate. Sand appears to be a common characteristic across these
sites with the exception of Sandy Beach which has mud substrate. Three of these sites (The
Peninsula, Bethany Bay and Sandy Beach) had their largest catches in August. The other two
sites (Kayak Launch and Tower Rd.) had their largest catches in July. The months with the
largest catches at each of the sites had a larger catch during those months than all other
months combined. There were four sites (Coastal Kayak, Fenwick Island State Park, Bayville
Shores and Sassafras Landing) where there were no silver perch collected.
Spot
Spot was the third most abundant species in 2012 with 8,219 specimens collected. This
specie was collected in every sampling month at half of the sites and in 6 of the 7 months at
three additional sites (Tables 7-22). The only sites where spot was not taken in at least 5
months were Kayak Launch (3 months), Tower Road (three) and Cedar Shores (two). Monthly
overall CPUE was highest in April (215.9 per sample) and May (100.6), then decreased monthly
to 0.9 for October/November (Table 3). April samples at The Peninsula and Rosedale Beach
contained large numbers of early juveniles and accounted for 81.4% of that month’s catch.
May’s catch was more diversified with 14.6% at Rosedale Beach, 13.8% at Bayville Shores,
12.8% at Bethany Bay, 12.1% at Sandy Beach, 10.2% at Tower Road and 8.7% at The Peninsula
(Tables 7-22). The June catch was also well diversified with 40 to 182 specimens at 11 of the 16
sites (Tables7-22).
The top five sites overall were Rosedale Beach (27.6%), The Peninsula (21.8%), Bayville Shores
(8.5%), Pools Point (7.9%) and Bethany Bay (6.6%) which accounted for 72.4% of the overall
catch. Rosedale Beach was the top ranked site for every month except June when it ranked
third. The Peninsula ranked first in June and second in April. Bayville Shores was the only other
site which was ranked in the top five during 6 months; second for May, August and September.
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Samples with lower dissolved oxygen readings yielded slightly lower average number of spot.
The samples at 3.0-4.3 mg/l yielded 9.2 spot per sample while the average for the other
samples in the same months was 14.3. Samples at less than 3.0 mg/l yielded an average of 9.9
spot per sample while the other respective samples yielded 13.0.
Striped bass
Only 22 striped bass were collected in 2012. Twenty-one were taken in Indian River Bay on 21
July. Six, from 45 to 84 mm in length, were collected at Holts Landing State Park while the
other 15 (36-70 mm) were collected at Cedar Shores. The only other specimen was taken at
Tower Road on September 1. It was 230 mm in length and most likely was a product of 2011
spawning.
Striped killifish
A total of 9,196 striped killifish was collected in 2012 (Table 3). This specie ranked second
highest overall. Overall CPUE values were 110.6 for Rehoboth Bay, 28.1 for Indian River and Bay
and 8.2 for Little Assawoman Bay. The sites with the highest catches (Tables 7-22) were Kayak
Launch with 5,751 (62.5% of the overall catch), The Peninsula with 1,207 (13.1%), Bethany Bay
with 542 (5.9%) and Holts landing State Park with 368 (4.0%). Striped killifish was collected at all
other sites but none had a catch greater than 250. This species is tolerant of a wide range of
salinity and dissolved oxygen. Salinities at Kayak Launch in 2012 ranged from 23.6 to 29.1 ppt,
and dissolved oxygen varied from 3.7-5.7 mg/l. Monthly overall CPUE was higher in April, May
and June at 93.5, 66.8 and 68.9 than the other months which ranged from 10.3 to 35.0.
Summer flounder
Summer flounder was sporadically collected (62 specimens) during all months of 2012 (Table
3). All specimens were collected in Indian River and Bay (CPUE of 0.40) or Little Assawoman
Bay (0.30). Specimens were collected in each of those systems during all months except
October in the Indian River System (Tables 4 and 6). The highest catches in the Indian River
system occurred in June (13) followed by July and August. Little Assawoman Bay’s largest catch
was seven during September followed by six in August. All specimens except one were youngof-the-year.
The sites with the largest catches were Rosedale Beach (17), Sandy Beach (nine), Bayville
Shores (seven), Sassafras Landing (seven), Strawberry Landing (seven), Holts Landing State Park
(six) and The Peninsula (five). The catches at these sites represented 93.6% of the overall catch.
The highest monthly catches at a site were six and five at Rosedale Beach during June and
September, respectively.
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Weakfish.
All 10 weakfish were young-of-the-year and were caught in Indian River and Bay at Sites 5
(four), 6 (four), and 8 (two) during July and August. Salinities at these sites during those months
ranged from 19.1 to 28.3 ppt while water temperatures were 27.5-31.9 C and dissolved oxygen
concentrations ranged from 3.6-8.6 mg/l.
White mullet
White mullet was the ninth most abundant specie collected during 2012 (Table 3). It was
present in each sampling month from April through October/November but 87.7% of the catch
was taken in May (19.4%), June (43.2%) and July (25.1%). CPUE for Indian River and Bay sites
(3.9) was approximately two to three times higher than Rehoboth Bay (1.7) and Little
Assawoman Bay (0.4) sites. Sampling in Rehoboth Bay yielded 84.4% of the catch during the
months of May, July and September. This system had the most even spread of specimens
throughout the sampling season (table 4). The catch in Indian River and Bay was more
concentrated with 93.5% taken during the months of May, June and July. Little Assawoman Bay
had the most concentrated catch. The months of June and July yielded 92% of the total catch
(Tables 4-6).
The Peninsula (49.1% of the overall catch), Holts Landing State Park (21.0%), and the Kayak
Launch Site (13.9%) accounted for 84.1% of the total catch. Other sites with more than 10
specimens were Herring Landing (3.7%), Rosedale Beach (2.3%) and Strawberry Landing (2.3%).
The top two sites both have substrates that are sand close to shore and mud offshore. The
third site (Kayak Launch) has an all sand substrate. The sand substrate seems to be the
common factor across all three sites. The sites with the lesser catches all have mud and silt
substrates. At The Peninsula, the month of June had the only large catch (84 out of 100). The
other two sites had their larger catches spread over multiple months. Kayak Launch had the
largest catches in May, September and October/November. Holts Landing had three prolific
months: May, June and July. White mullet was collected at every site except for Coastal Kayak
during 2012.
Winter flounder
Winter flounder was sporadically collected (33 specimens) during 2012 (Table 3). More than
three specimens were taken only at Holts landing State Park (13), The Peninsula (seven) and
Rosedale Beach (six). All specimens were collected in either May (10) or June (23). Average
monthly salinities at Holts Landing State Park in May and June were 24.3 and 25.6 ppt, while
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dissolved oxygen averages were 7.8 and 6.2 mg/l. Six of the winter flounder were taken in
Rehoboth Bay while the balance were collected in Indian River and Bay (Tables 4-6).
Blue crab
The total of 4,484 blue crabs collected during 2012 consisted of 3,792 small, 1,125 medium
and 97 large specimens. Crabs were collected at all sites and in all months of sampling. Small
crab, medium crab and overall crab abundances were high in April (CPUEs of 25.8; 5.9; and
32.9), increased to highest levels in June (37.8; 8.7 and 49.3) and decreased monthly to
October/November (1.4, 1.2 and 2.7). Large crab catches were highest in May (25), June (18),
September (17) and August (16).
The sites with the highest abundances of small crabs and overall crabs were Sandy Beach (910
and 1,149), Rosedale Beach (443 and 608), Bethany Bay (343 and 427), Bayville Shores (372 and
473) and Sassafras Landing (358 and 412). The two highest sites for medium crab abundance
were the same as above but the third through fifth ranked sites were Holts landing State Park,
The Peninsula and Bethany Bay. The highest catches of large crabs were made at Bayville
Shores (19), Sassafras Landing (11), Rosedale Beach (nine) and Sandy Beach (eight). All of the
sites with the highest catches of each size of crabs have mud or mud/silt substrate. The sites
with the low catches of crabs, Kayak Launch, Tower Road, Cedar Shores and Rehoboth Country
Club, have sand substrate. The only exception was Herring Landing which ranked 12 th or 13th in
abundance of each size of crab and has sand and silt substrate.
Crabs were more abundant overall at Indian River and Bay sites (35 per sample) than sites at
Rehoboth Bay (6.3) and at Little Assawoman Bay sites (23.1). The patterns were the same for
small and medium crabs. However, the CPUE value for large crab was higher for Little
Assawoman Bay (0.62) than either Indian River/Bay (0.46) or Rehoboth Bay (0.29).

DISCUSSION
Overall Catch
The overall catch in 2012 was 10% less than in 2011 (Kernehan et al. 2012). However, when
Atlantic silverside is excluded from the totals, the balance of the 2012 catch exceeded that for
2011 by 42.1%. Four species with catches exceeding 100 specimens were more abundant in
2011 than 2012. Atlantic silverside was 332% higher while silver perch, striped killifish and
white mullet were 171%, 15 and 11% higher, respectively. The six species which were more
abundant in 2012 were pinfish (1,500% higher), spot (1,100%), sheepshead minnow (209%),
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Atlantic menhaden (87%), mummichog (37%), and bay anchovy (11%). Also the 43 species
collected in 2012 exceeded the 38 species collected during 2011. Seven species were collected
only in 2011 while 10 were taken only in 2012.
Nearly five times more specimens were collected during 2012 in April than in 2011.
Substantially more spot (3,454 specimens), mummichog (2,883) and striped killifish (1,407)
accounted for the higher catch. The difference was slightly less than double for May 2012 with
mummichog (3,244) and spot (3,212) accounting for the differential. The monthly difference
for June was low (+494 for 2011) when higher 2011 catches of Atlantic silverside (1,872) and
mummichog (1,260) offset higher 2012 catches of striped killifish (1,604), spot (996) and
Atlantic menhaden (177). Monthly catches in July through October were, on average, 4,850
greater in 2011 than 2012. Atlantic silverside (+3,916 per month) and striped killifish
(+763/month) accounted for the significantly higher 2011 catches. Since no historical,
comparable long-term data are available on species abundance for inshore areas of the
Delaware Inland Bays, it cannot be determined if Atlantic silverside and striped killifish
abundances were unusually high in 2011.
Most of the Rehoboth Bay fish catch in 2011 (62.5%) was taken in June whereas 69.5% was
collected during May and June of 2012. The Indian River and Bay overall catch in 2011 was
concentrated in June (12.4%), July (28.5%) and August (55.4%) as opposed to 2012 when the
catch was more diversified between October (28.8%), July (24.1%), May (19.4%), September
(15.0%), June (7.5%) and August (5.4%). Like Indian River and Bay in 2012, the 2011 Little
Assawoman Bay catch was more widely distributed between April (9.3%), May (34.0%), June
(10.0%), July (16.7%) and August (29.2%). The 2012 catch was concentrated in July (37.4%),
August (30.0%) and September (30.0%).

Catch by System
Rehoboth Bay
The overall fish catch in 2012 (12,728) was almost the same as in 2011 (12,986). The overall
CPUE (244.8) was slightly lower than for Indian River and Bay (266.4),. but substantially higher
than for Little Assawoman Bay (139.3). Overall CPUE values were 249.7, 293.1 and 174.7 for
2011. Monthly catch was higher by an average of 1,498 specimens in each month from April
through August during 2012 (2,251/sample) than in 2011 (753.2). Monthly catches during
September and October 2011 averaged 2,932.2 specimens more than in 2012. Atlantic
silverside (57.8%) and striped killifish (26.0%) accounted for 85.8% of the catch in these two
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months during 2011. The 2011 catch was dominated by two species, Atlantic silverside (48% of
the catch) and striped killifish (41%). The five most abundant species accounted for 99.4% of
the catch. Species composition of the top five in 2012 exhibited greater species diversity with
four of these species each accounting for at least 9.5% of the overall catch. The top four species
were striped killifish (48.0%), Atlantic silverside (19.4%), mummichog (14.3%) and sheepshead
minnow (9.5%). The 2011 overall total catch was 2% higher than 2012. However, when Atlantic
silverside is excluded from each year, the 2012 catch for all other species was 72% higher in
2012. Of the species represented by 10 or more specimens in 2012 or 2011, only Atlantic
silverside and bay anchovy were more abundant in 2011 samples. Conversely, the species
which were more abundant during 2012 were Atlantic menhaden, mummichog, northern
pipefish, sheepshead minnow, silver perch, spot, spotfin mojarra, striped killifish and white
mullet. Four of these species (mummichog, northern pipefish, sheepshead minnow and striped
killifish) are residents of the Inland Bays. Atlantic menhaden and spotfin mojarra use these
waters for their juvenile stages while spot and silver perch use the Bays during spring through
fall as juvenile and adult habitat. It seems that the hotter and drier conditions in 2012 may have
been favorable to many of the species of fishes in Rehoboth Bay.
A total of 29 species were collected in 2012 which was five more than during 2011. The
number of species collected was higher in Indian River and Bay (38) but lower in Little
Assawoman Bay (26). The species totals for the Rehoboth, Indian River and Little Assawoman
systems during 2011 were 24, 45 and 26, respectively. One to four more species were collected
in each month from April through September in 2012; October/November samples in 2011
yielded two more species than in 2012. Seven species: Atlantic menhaden, black drum, black
sea bass, northern puffer, sennet, striped blenny and striped mullet were collected only in 2012
whereas only three species, inland silverside, oyster toadfish and summer flounder, were
unique to 2011 samples. Species collected in all months of 2012 were Atlantic silverside,
mummichog, sheepshead minnow and striped killifish whereas spot, northern pipefish and
white mullet were collected in six of the seven sampling months. Only Atlantic silverside and
striped killifish were collected in all sampling months during 2011 and only mummichog was
taken in 6 months.
The overall blue crab CPUE for Rehoboth Bay (6.7) was substantially lower than for the Indian
River (34.9) and Little Assawoman (23.2) systems. The pattern for each size class was identical
to the overall catch pattern. The lowest rank for small crabs is probably due to the lower
abundance of macroalgal vegetation in or adjacent to the sampling sites than in the other
systems. This habitat was shown to be preferred habitat for small crabs in the Rehoboth Bay
system by Epifanio et al. (2003). The lower abundances of medium and large crabs may also be
related to similar habitat preferences. The only site with a lower number of blue crabs
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collected than the four sites in Rehoboth Bay was Coastal Kayak which has no rooted aquatic
vegetation in or adjacent to it.
Overall averages for salinity at the four Rehoboth sites were very similar in 2012 (26.9-28.6
ppt) and 2011 (24.8-27.3 ppt). Averages for dissolved oxygen in 2012 were similar for sites 1, 2
and 4 (6.5, 6.8, and 7.1 mg/l) which were substantially higher than for Site 3 (5.8 mg/l) . A
different pattern existed in 2011 with similar averages for Sites 2, 3 and 4 (5.1-5.7 mg/l) but a
lower average of 4.5 mg/l for Site 1. Water temperature was very similar at Sites 1, 2, and 3
(21.2-22.7 oC) in 2012 whereas the average for Site 4 was surprisingly higher (24.6 oC). In 2011,
the average temperatures were within 0.6 0C at Sites 2, 3 and 4 but 1.4-2.0 0C higher than for
Site 1.
Overall average dissolved oxygen (5.1 mg/l) for Rehoboth Bay was lower than for the other
two systems (6.2 and 7.1 mg/l) in 2012 while salinity was higher (28.0 ppt as opposed to 23.5
and 21.6 ppt) and water temperature was lower (22.4 oC as opposed to 22.6 oC and 24.9 oC).
The closer proximity to more saline, cooler waters of the Atlantic Ocean was undoubtedly a
major factor with salinity and water temperature differentials in 2012. The dissolved oxygen
average was lower at sites in Rehoboth Bay (5.1/mgl) than in Indian River and Bay (5.3 mg/l) but
higher than in Little Assawoman Bay (4.9 mg/l) for 2011. The salinity pattern was the same as in
2012 for the systems (26.2, 22.6 and 21.0 ppt, respectively). Water temperature, like dissolved
oxygen, exhibited a different pattern than for 2012 with averages of 23.9, 23.4 and 23.8 0C.
There were only four samples in 2012 with dissolved oxygen levels of less than 4.3 mg/l.
These samples (all at 3.0-4.3 mg/l) occurred during July and August. The average catches in
these samples were 16.3 fish and 6.8 crabs while the averages for the other 12 samples in those
2 months were 291.6 fish and 5.4 crabs. In 2011, 10 samples collected during April through
August had oxygen levels in the 3.0 – 4.3 mg/l range with an average catch of 404.1 fish. The
average catch for the other samples in those 5 months taken in Rehoboth Bay was 113.4.
Dissolved oxygen levels less than 3.0 mg/l were not recorded in any samples in Rehoboth Bay
during 2011 or 2012. Fish and crab catches in samples from waters with lower levels of oxygen
(less than 4.3 mg/l) will be monitored in future years to determine if any clear, consistent
patterns are evident.
Indian River and Bay
The overall fish catch in 2011 was 2.6% higher than in 2012. However, if Atlantic silverside is
excluded, the 2012 catch was 48.5% higher than the 2011 catch. It is unknown if the extremely
high abundance of Atlantic silverside in the Inland Bays during 2011 was an unusual event since
no comparable historical data exists. The less intensive sampling during previous studies
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(Pacheco and Grant, 1965; Derickson and Price, 1973; Edmunds and Jensen, 1974; Campbell,
1975) did not show any evidence of extremely high abundance of this species. The greatest
differences for species with higher catches in 2012 were for spot (+5,992 specimens, a 999%
increase), mummichog (1,927, 135%), Atlantic menhaden (756, 21%), pinfish (99 as opposed to
0) and oyster toadfish (45, 196%). Thirty-eight species were collected in 2012 as opposed to 33
in 2011. Six species: Atlantic silverside, mummichog, pinfish, spot, striped killifish and white
mullet, were collected in all sampling months. Half of the species are estuarine residents while
the other half, pinfish, spot and white mullet, use the Inland Bays for part of their life cycles.
Pinfish and white mullet are spawned in more southern waters of the Atlantic Coast and use
the Inland Bays as nursery ground for the first summer of life (Able and Fahay, 2010; Wang and
Kernehan, 1979). Spot spawn offshore in the mid-Atlantic Bight and both the juveniles and
adults use the Inland Bays as nursery and feeding grounds from spring through fall. Four
species, Atlantic silverside, mummichog, striped killifish and sheepshead minnow, were
collected in all months of 2011. All of these were collected during all months of 2012 in addition
to resident northern pipefish and migratory pinfish, spot, summer flounder and white mullet.
The number of species collected in each month was one to four greater in 2012 than in 2011
during April, June, July and September whereas the 2011 monthly totals were one to five higher
in May, August and September.
Twenty-one species had higher catches in 2012 while 23 species were more abundant in
2011. The nine species collected only in 2012 were Atlantic croaker, blackcheek tonguefish,
crevalle jack, Florida pompano, grey snapper, hogchoker, permit, sheepshead and spotted
hake. The eight species unique to Indian River and Bay during 2011 sampling were Atlantic
herring, banded killifish, bluntnose stingray, cownose ray, pumpkinseed, spotfin killifish, striped
blenny and white perch.
The overall blue crab abundance in Indian River and Bay (35.0 per sample) was substantially
higher than in Rehoboth (6.1) or Little Assawoman (23.1) Bays. This would be expected since
the Indian River system has only one open sand beach site (Cedar Shores) whereas most of sites
in the other systems are of this type. Blue crabs seem to prefer vegetated areas within or
adjacent to sampling sites. This is the case for most of the sites in the Indian River System. The
CPUE for small crabs (25.8) and medium crabs (8.7) were higher than for Little Assawoman Bay
(19.3; 3.1) and substantially higher than for Rehoboth Bay (3.6; 2.4).
Dissolved oxygen averaged 6.2 mg/l in 2012 samples as opposed to 5.4 mg/l in 2011. Monthly
averages were higher in April through June in 2012 and July through October/November during
2011. No monthly average was lower than 4.3 mg/l in either year. Overall average salinity was
8% higher in 2012 (24.9 ppt) than in 2011 (23.1 ppt). Monthly salinity averages were higher in
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2012 during April, July, September and October/November. Temperature was only 5% higher
overall in 2011 (23.8 0 C) than in 2012 (22.6 0C). Average monthly temperature was higher in all
months of 2011 except September.
Fourteen samples in Indian River and Bay had dissolved oxygen readings between 3.0-4.3
mg/l during June through September of 2012. The oxygen level of 4.3 mg/l is listed by the EPA
as the lower limit for healthy fish growth. The average number of fish collected in those
samples was 112.8. The average for all of the other samples from Indian River and Bay for July
through September was 227.1. There were 33 samples in 2011 with dissolved oxygen readings
of 3.0-4.3 mg/l. The fish CPUE was 291.4 while the average for the other samples in Indian River
and Bay during the same months was 293.9. The results of the 2 years do not exhibit a clear
trend on the effect this range of dissolved oxygen has on fish abundance. Blue crab abundance
averaged 47.9 per sample in the 14 above mentioned samples while the CPUE in the other
samples during June through September was 46.2.
Five samples in the system had dissolved oxygen of 2.2-2.9 mg/l in June through September
2012. The average number of fishes and crabs for those samples were 146.8 fishes and 99.2
crabs per sample. The overall averages for the other 51 Indian River samples during the same
time period were 191.4 fishes and 41.4 crabs. It seems that dissolved oxygen levels below 3.0
could have a negative influence on fish abundance but not necessarily for crab abundance
based on the limited 2012 data. Only two Indian River samples had oxygen readings of less than
3.0 mg/l in 2011. The average number of fish collected in these samples was 114.0 whereas the
average for the other samples in those months (June and August) was 384.1.
Little Assawoman Bay
The total number of fish collected in 2011 was 17% greater than in 2012. However, as in the
other systems, when Atlantic silverside is excluded, the catch of the other species was
significantly greater (by 141%) in 2012. Fifteen species were more abundant in 2012 while 14
were more abundant in 2011. Twenty-six species were collected in 2012 as opposed to 23
species in 2011. The eight species collected only in 2012 for this system were black drum, black
sea bass, bluntnose stingray, largemouth bass, pinfish, striped blenny, striped killifish and
summer flounder. The five species unique to 2011 sampling were alewife, American eel,
Atlantic croaker, striped anchovy and striped bass.
The species with the highest percentage differences in catch between the 2 years were spot
(+15,180% in 2012), sheepshead minnow (+2,565% in 2012), Atlantic silverside (+436% in 2011),
mummichog (+406% in 2012), Atlantic menhaden (+218% in 2011), striped killifish (+215% in
2011), Atlantic croaker (86 in 2011, zero in 2012) and bay anchovy (+40% in 2012). The 2011
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catch was dominated by Atlantic silverside (74% of the overall catch) and striped killifish
(15.7%) which accounted for 87.7% of the total. Conversely, the 2012 catch had substantially
greater species diversity with 87.9% of the overall catch contributed by mummichog (46.0%),
spot (16.9%), Atlantic silverside (15.4%), sheepshead minnow (11.2%), striped killifish (5.9%),
and bay anchovy (2.5%). Five species, Atlantic silverside, mummichog, spot, striped killifish and
summer flounder, were taken only in 2012. Only three species, Atlantic silverside, sheepshead
minnow and striped killifish, were collected in all sampling months during 2011.
The Little Assawoman system ranked second behind the Indian River system for each size of
blue crab. The percentage difference for small crabs (CPUE of 19.4 as opposed to 24.2) was
much smaller than for medium (3.2/8.2) and large (0.6/2.4) crabs. The difference for small crabs
was much higher as opposed to Rehoboth Bay (19.4/3.7) than for medium crabs (3.2/2.7). No
reliable conclusions can be made from this limited 1 year of data.
Little Assawoman Bay sites had the highest average dissolved oxygen (7.1 mg/l) and water
temperature in 2012 but the lowest average salinity (21.6 ppt) of the three systems. The 2011
data exhibited a different pattern between the systems for dissolved oxygen and water
temperature. Little Assawoman sites had the lowest average dissolved oxygen and second
highest water temperature behind Rehoboth Bay.
Samples which were taken in Little Assawoman waters with dissolved oxygen levels less than
4.4 mg/l were evaluated against those with higher levels. In 2012, three samples were taken at
dissolved oxygen levels of less than 3.0 mg/l during July. The average catches in these samples
were 46.3 fish and 3.0 crabs whereas the other July samples had averages of 64.9 fish and 29.3
crabs. Another three samples had dissolved oxygen levels of 3.0-4.3 mg/l during June through
August. The averages for fish and crabs were 75.0 and 6.3. The averages for the other samples
in these months were 64.4 fish and 31.7 crabs. Conversely, 2011 lower oxygen samples yielded
opposing results. Samples at less than 3.0 mg/l during May-July averaged 586.6 fish compared
to 144.1 for the other samples during that period. As in 2012, no clear pattern was exhibited
for a relationship of lower fish abundance to lower oxygen levels.

Catch by Site
Site 1 – Kayak Launch
The overall catch of fishes was slightly higher in 2012 (9,839) than in 2011 (9,283). The
number of species collected was only one higher in 2011 (16) than in 2012. Six species,
bluefish, fourspine stickleback, naked goby, northern kingfish, oyster toadfish and summer

38

flounder, were taken only in 2011. The species unique to 2012 were bay anchovy, sennet,
pinfish, rainwater killifish and striped anchovy. None of the unique species was represented by
more than three specimens. The numbers of species collected in each month of 2012 were
higher by one to four than in 2011. For all months except September, Atlantic silverside was the
only species represented by at least 10 specimens in either year which was more abundant in
2011. Seven species, mummichog, sheepshead minnow, silver perch, spot, spotfin mojarra,
striped killifish and white mullet, were more abundant in 2012. The large difference between
the annual catches of Atlantic silverside (+2,604 for 2011) caused the total catches for the 2
years to be as close as they were.
Five fishes had catches which were ranked within the top five for their respective species in
2012. They were Atlantic silverside (first), silver perch (second), striped killifish (first), white
mullet (third) and winter flounder (fourth). The species in their respective top five during 2011
were again Atlantic silverside (first), striped killifish (first) and winter flounder (third).
Overall average dissolved oxygen and salinity were higher for 2012 than for 2011, however
different monthly patterns were evident for each parameter. Average monthly dissolved
oxygen was higher in every month of 2012 (by 0.4 – 4.2 mg/l). Monthly salinity was higher in
April and May 2011 (by 1.2ppt and 0.3ppt) but higher in all other months during 2012 (1.2-6.1
ppt). Water temperature did not exhibit as consistent a pattern between the 2 years. Monthly
averages were higher in April, June and July 2012 by 0.2-4.9 0C but higher for the other months
of 2011 by 1.5 – 7.7 0C. The 7.70 C differential occurred in the last sampling month and was the
result of the last sampling not being able to be conducted until November 14 when water
temperature was 9.2 0C.
Site 2-Tower Road
The 2011 fish catch (1,471) was 32.2% higher than the 2012 total (1,112). The number of
specimens collected in each year ranked thirteenth among the 16 sampling sites. The 2011
higher catches of mummichog (577 as opposed to 1) and Atlantic silverside (822/569) were
partially offset by the substantially higher catch of spot in 2012 (407/0). All of the mummichog
and 76% of the sheepshead minnow catches for 2011 were collected in a single sample on
October 24. None of the physical/chemical data on that date, 7.3 mg/l dissolved oxygen, 26.6
ppt salinity and 17.2 0C water temperature, were outside of the normal range for this site.
Mummichog and sheepshead minnow prefer the adjacent vegetated areas but are forced out
of these areas when water recedes during low tide. The tidal stage for this sample was mid-ebb
and the adjacent areas were still inundated with water, so the reason for the unusually high
abundances of the two species on the beach is not evident.
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The number of species in each month from April through August was higher in 2012 than in
2011 (average of five as opposed to two per month). The number of species for each year was
equal (four) in September but higher in October 2011 (four) as opposed to 2012 (zero). The 16
species collected in 2012 ranked ninth whereas the eight species in 2011 ranked fifteenth of the
16 sites.
Five of the overall fish catches were ranked within the top five for all sites during 2012. These
species were Atlantic menhaden (fourth), Atlantic silverside (fourth), silver perch (fifth), striped
bass (fourth) and winter flounder (fourth). The species ranked similarly for 2011 were bluefish
(fifth) and mummichog (fifth).
Average dissolved oxygen at Tower Road was sixth highest in 2012 (5.8 mg/l) and third
highest in 2011 (5.7 mg/l). Monthly averages were higher in April, May, July and
October/November 2012 than in 2011. Average overall salinity was also slightly higher in 2012
(27.7 ppt) than in 2011 (26.8 ppt). The site ranked second in 2011 and third in 2012. Monthly
averages in 2011 were higher for only June and August. Average water temperature was higher
in 2011 (24.2 0C) than for 2012) (21.2 0C). Monthly averages were higher in April, July and
September 2012.
Site 3 – Rehoboth Beach Country Club
The overall catch of fishes at this site was considerably lower in 2012 (575) than in 2011
(1,113). However, the number of species collected was only slightly lower in 2011 (15)
compared to 2012 (17). The seven species collected only in 2011 were American eel, naked
goby, northern kingfish, oyster toadfish, spotfin mojarra, striped anchovy and striped bass. The
nine species unique to 2012 were Atlantic menhaden, black sea bass, bluntnose stingray,
northern pipefish, rainwater killifish, spot, striped blenny, striped mullet and winter flounder.
The number of species collected in each month in 2012 was more than in 2011 except for the
months of July and October/November. A total of 13 species were more abundant in 2012
while seven species were more abundant in 2011. Of the species with more than 10 specimens
collected, Atlantic silverside, bay anchovy, silver perch and striped killifish had more specimens
caught in 2011 while Atlantic menhaden, mummichog and spot were more abundant during
2012. The higher catches for Atlantic silverside (687) and striped killifish (60) in 2011 accounted
for the large difference in the overall catch at this site. Spot, the second most abundant fish in
2012 with 138 specimens, was not collected in 2011. Mummichog was more abundant in 2012
with 88 more specimens collected.
Only three of the fish species catches in 2012 were within the top five for the respective
species. Bluefish, silver perch and winter flounder catches at this site were all ranked fourth for
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all the sites. There were no such high ranked species catches in 2011. The low relative
abundance of blue crabs was consistent with the lack of rooted vegetation or structure other
than the concrete slab pieces along the shore at this site. The rip rap shoreline is unique among
the sampling sites. The seine collection is made seaward of the concrete slabs with the net
being swept into a small beach at the end of the sample.
Overall average dissolved oxygen was higher for 2012 but the average salinity was lower for
2012. Monthly comparisons of dissolved oxygen show a pattern of considerably higher average
values in 2012 for the months of April through June (8.4 as opposed to 4.9 mg/l). The pattern
reversed and the averages for 2011 surpassed those for 2012 from July through September (5.6
as opposed to 4.3 mg/l). The October/November average for dissolved oxygen in 2012 (7.9
mg/l) was substantially greater than in 2011 (5.6 mg/l). The overall average salinity was slightly
higher in 2012 (26.9 ppt) than in 2011 (25.9 ppt). Monthly salinity averages were higher in all
months for 2012 with the exception of May and June. The average water temperature for 2012
(22.7 0C) was lower than for 2011 (24.7 0C.). Monthly temperatures were lower in 2012 than
every month in 2011 except for April and July. The October/November average temperature
difference was almost 4 0C between the 2 years. This is undoubtedly due to the last sampling
date of November 14 in 2012.
Site 4 – Herring landing
The numbers of fishes caught in 2011 (1,205) and 2012 (1,202) were almost identical. The
number of species was three more in 2011 (14) than in 2012. The species caught only in 2011
were inland silverside, northern pipefish, striped cusk-eel, summer flounder and winter
flounder. Of these species, only inland silverside was represented by more than two specimens
(nine). The species unique to 2012 were black drum, Florida pompano, northern puffer, striped
anchovy, striped mullet and white mullet. Of these species, only white mullet (18) was
represented by more than two specimens. When comparing the number of species caught per
month in 2011 and 2012, the totals were close for all of the months except July and August
when 10 species were collected in each month during 2012. Only four and six species were
collected during these months in 2011.
Ten species were more abundant in 2012 as opposed to eight species which were more
abundant in 2011. As previously stated, the total number of specimens for the 2 years was
remarkably close. Higher catches for species represented by more than 10 specimens in 2012
were mummichog (+52), spot (+77; 80 as opposed to 3), striped killifish (+98) and white mullet
(+18). Those catches were offset by higher 2011 catches of Atlantic silverside (+232) and bay
anchovy (+13). Monthly catches were higher in each month from April through July of 2012 by
11-290 per month than in 2011. However, 2011 monthly catches were higher in August through
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October/November by 20-275 per month. Atlantic silverside accounted for 93.9% of the catch
in these three sampling months. The only species catch which ranked among the top five for all
the sites was Atlantic silverside which ranked second for 2012. This was the lowest total in the
top five for any of the sites during the 2 years.
Overall, average dissolved oxygen for 2012 was higher (7.1 mg/l) than in 2011 (5.1 mg/l). The
same was true for salinity with the 2012 average of 28.6 ppt and the 2011 average of 24.8 ppt.
Monthly dissolved oxygen readings were significantly higher from April through July in 2012,
lower for August, equal for September and substantially higher for October/November.
Monthly average salinity measurements were lower for all months except April, July and
September in 2012. The readings for April were substantially different (10.1 ppt for 2011
compared to 29.4 ppt for 2012). The difference was undoubtedly due to higher rainfall prior to
the 2011 sampling date. Monthly averages for 2012 water temperature were higher in April and
July by 1.5 to 3.4 0C and lower in the other months from 0.3 to 4.5 0C. The highest differential
was for May.
Site 5 – The Peninsula
The 2012 fish catch was 68% higher than in 2011 (Kernehan et al. 2012). The only species
which was substantially higher in 2011 was Atlantic silverside with a differential of 1,494.
When this species is excluded, the 2012 catch was 182% higher than for the other species in
2011. Eleven of the 13 species represented by one or more specimens in either year were more
abundant in 2012. Only Atlantic silverside and sheepshead minnow had higher abundances in
2011. The highest differences for 2012 were spot (+1,778), mummichog (+1.682), striped
killifish (+297), Atlantic menhaden (+233) and silver perch (+152). Monthly fish catches were
higher in every month from April through August for 2012. September and October totals were
higher in 2011 when Atlantic silverside accounted for 68% of the catch.
The 29 fish species in 2012 exceeded the 2011 total by six. Both totals were the highest for
the respective years. The number of species in each month, except May, during 2012 exceeded
that for the same month in 2011 by two to eight with an average of 4.3 per month. Ten
species: Atlantic needlefish, black drum, black sea bass, blackcheek tonguefish, rainwater
killifish, sheepshead, striped anchovy, striped mullet, summer flounder and weakfish were
collected only in 2012. Only Atlantic croaker, striped blenny and striped cusk-eel were unique
to 2011.
The Peninsula appears to be an important nursery area for many of the 14 target species.
Nine of these species had catches which ranked within the top five for all the sites in 2012.
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These species were Atlantic menhaden (second), bay anchovy (fourth), mummichog (first),
silver perch (first), spot (second), striped killifish (second), weakfish (first), white mullet
(second) and winter flounder (third). Six species, Atlantic croaker (third), Atlantic silverside
(third), bluefish (second), spot (third), striped killifish (second) and white mullet (second), were
so ranked in 2011. These 15 top five rankings comprised the third highest total for the 2 years
behind Rosedale Beach (18) and Sandy Beach (17). No other site had a total of more than 10.
Annual average dissolved oxygen was higher in 2012 (5.9 mg/l) than 2011 (4.9 mg/l) as well as
in all months except June and October. Higher dissolved oxygen in June 2011 did not have a
positive effect on fish abundance since the overall catch for that month was double in 2012
compared to 2011. The thirteen species collected in June 2012 were four more than for 2011.
Atlantic silverside was the only species with a higher catch in June 2011 than in 2012.
Monthly salinity was higher in every month of 2012 except September. Average salinity was
27.5 ppt in 2012 and 24.2 ppt for 2011. Overall average water temperature was slightly higher
in 2012 (23.0 0 C) than in 2011 (22.6 oC). Monthly average temperature was higher in each
month from June through August 2011, nearly equal in May of each year (23.9/23.8 oC) and
higher in April, September and October of 2012. This pattern did not seem to show any direct
relationship to fish abundance.
Site 6 – Rosedale Beach
The overall catch of fish was substantially higher in 2012 (3,156) than in 2011 (1,995) but the
number of species collected was two higher in 2011 (23). New species that were present in
2012 were pinfish which ranked as the fifth highest of species collected and northern kingfish.
Banded killifish, striped anchovy, striped bass and striped blenny were collected in 2011 but not
in 2012. Eight species were more abundant in 2012 while nine species were more abundant
during 2011. The largest difference was for spot which was extremely more abundant in 2012
at 2,266 specimens whereas only 16 were collected in 2011. There was a substantial decrease
in the number of Atlantic silverside collected in 2012 (173) compared to 2011 (939) as well as
mummichog with 393 in 2012 and 656 in 2011. The other large differences between 2012 and
2011 were for Atlantic menhaden (16/3), bay anchovy (27/44), pinfish (46/0), silver perch
(21/95) and white mullet (11/58).
Ten of the 14 target species had their 2011 catches at Site 6 rank among the five highest of all
the sites while eight species were so ranked in 2012. The 2011 species were Atlantic croaker
(second), Atlantic menhaden (fourth), bay anchovy (fourth), mummichog (fourth), silver perch
(fifth), spot (first), summer flounder (first), weakfish (second), white mullet (second) and winter
flounder (second). The 2012 species were Atlantic croaker (first), Atlantic menhaden (fifth),
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bluefish (third), spot (first), summer flounder (first), weakfish (first), white mullet (fourth) and
winter flounder (second). The 18 top five rankings for the 2 years of sampling was the highest
total for any site.
Monthly catches were substantially higher in April through June of 2012 than 2011 (2,706 as
opposed to 549) but lower in each month from July through October (450 as opposed to 1,446).
Spot was most responsible for the higher difference in 2012 with 78% of the catch during the
first three sampling months while 50% of the last 4 months catch in 2011 was Atlantic
silverside.
Average dissolved oxygen was higher in 2012 at 5.9 mg/l than in 2011 (4.2 mg/l). Monthly
dissolved oxygen readings in April and May 2012 were significantly higher at 9.6 mg/l and 9.0
mg/l than during these months in 2011, 3.5 mg/l and 4.6 mg/l. Levels were within a relatively
narrow range from June through September (3-4 mg/l) during 2012 and June through October
in 2011 (3.4-5.4 mg/l). The October average for 2012 was 6.7 mg/l. Average salinity levels were
almost identical at 20.2 ppt in 2012 and 20.1 ppt for 2011. The water temperature overall
average was nearly the same at 23.8 0C in 2012 and 23.4 0C in 2011. May through September
differences between the years were an average of 2 degrees warmer in 2011. April (16.1 0C /
11.0 0C), September (26.8 0C/23.6 0C) and October (15.8 0C /20.1 0C) had higher average
temperatures during 2012.
Site 8 – Sandy Beach
The overall catch of fish was substantially lower in 2012 (4,383) than in 2011 (7,198). The
number of specimens collected at the site ranked third in 2012 and second during 2011. The
rankings for the number of species collected were fifth and seventh. The number of species
collected was two lower in 2011 than in 2012 (18). New species that were collected in 2012
were bluefish, crevalle jack, inland silverside, pinfish, sheepshead minnow, striped anchovy and
striped mullet. Banded killifish and white perch were present in 2011 but not in 2012. Although
mummichog was the most abundant species in 2012 with 2,261 specimens collected, that was
less than half the number collected in 2011 (5,476). Inland silverside (23), pinfish (eight),
sheepshead minnow (eight) and bluefish (three) were the only species unique to 2012 which
had more than one specimen collected. Mummichog represented a lower percentage of the
site catch (51.6%) in 2012 than 2011 (76.1%). Large catch differentials between 2012 and 2011
also were evident for Atlantic menhaden (1,058 in 2012/ 553 in 2011), Atlantic silverside
(102/377), bay anchovy (169/237), spot (494/16), striped killifish (132/309), weakfish (2/50)
and white mullet 3/34).
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Sandy Beach was tied for the second highest number of target species whose catches at this
site were among the five highest for any site in 2012 (eight as opposed to eight for Rosedale
Beach and nine for The Peninsula). Those species were Atlantic croaker (second), Atlantic
menhaden (first), bay anchovy (second), bluefish (first), mummichog (third), spot (third),
summer flounder (second) and weakfish (third). The number of top five species rankings was
nine for 2011 (second to the 10 for Rosedale Beach) and included Atlantic menhaden (first), bay
anchovy (first), mummichog (first), silver perch (fourth), spot (first), striped bass (fourth),
summer flounder (second), weakfish (first) and winter flounder (fifth).
Overall average dissolved oxygen was higher in 2012 at 5.9 mg/l as opposed to 4.2 mg/l for
2011. Average salinity levels (Table 23) were somewhat different for 2012 (17.6 ppt) as
opposed to 2011 (15.1 ppt). Monthly dissolved oxygen averages in April and May 2012 were
substantially higher at 9.6 mg/l and 9.0 mg/l than those for 2011, 3.5 mg/l and 4.6 mg/l.
Monthly oxygen levels in 2012 decreased through July (3.4 mg/l) and then increased through
October (6.5 mg/l). Monthly average dissolved oxygen in 2011 increased from 6.4 mg/l in June
to 8.6 mg/l in July and was 4.0, 12.6 and 5.6 mg/l in August, September and October. Water
temperature overall average was an average of 2.5 degrees higher in 2011 (26.8 0C) than in
2012 (24.3 0C). Recordings in September and October/November 2012 averaged 2 degrees
warmer at 23.7 0C than in 2011 (21.8 0C). All other monthly averages were higher in 2011.
Site 10- Pools Point
The overall fish catch at Pools Point was greater in 2011 (3,624) than in 2012 (3,119). Fish
were first taken in April 2012, unlike May in 2011. The species collected in April were Atlantic
silverside, mummichog, spot and striped killifish. These species represented 98.9% of the
overall catch for the site. Spot was a new species for this site in 2012 with substantial numbers
being caught (647, 21% of the total catch), second only to mummichog and present in each
month of sampling. The significantly higher abundance of spot was similar to the situation
observed at virtually all of the other sites and indicative of the dominant year-class produced by
this specie during 2012. Dissolved oxygen and salinity were much higher at Pools Point in April
2012 (7.5 mg/l and 21.9 ppt) than during 2011 (4.8 mg/L and 18.6 ppt). Water temperature was
cooler in April 2012 by only 1.1 0C. Atlantic silverside, bay anchovy, mummichog, sheepshead
minnow striped killifish and white mullet were the first six species caught at this site in 2011
(during May) and represented 97.5% of the overall catch. Silver perch was the only other
specie with more than 10 specimens collected (68) in 2011. White mullet was the third most
abundant specie at this site with 306 specimens but was only fifth in 2012 collections (seven
specimens). The water conditions in the early months of the 2012 sampling season may have
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dictated not only the initial species present at this site, but also the 2012 summer’s overall
dominant species.
The catches of three target species, mummichog (second), spot (fourth) and white mullet
(first), ranked in the top five for all the sites during 2012. The four species which were so ranked
during 2011 were mummichog (second), silver perch (third), striped bass (third) and white
mullet (first).
Dissolved oxygen readings averaged 1.3 mg/l higher in 2012 at 6.6 mg/l. Each of the first 4
months had higher averages in 2012. Only August and September averages were higher in
2011. Each year had almost identical overall average salinity at 22.2 ppt and 22.1 ppt. Water
temperatures were higher in all months except July, August and September during 2011. The
overall average water temperature was also higher in 2011 (25.1 0C) than during 2012 (22.4 0C).
Site 11 – Holts Landing State Park
The Holts Landing State Park site has a large variety of habitats such as rip rap sea wall,
different marsh grasses, sandy substrate, mud substrate, elevated shoreline covered with
mussels and a small embayment at the end of the sampling area. This site’s diverse habitat
probably is the reason for the high species richness in 2012 (20 total species caught, ranked
third overall). Unlike other sites where the five most abundant species accounted for 95 to 99%
of the total catch, the top five species accounted for only 92% of the total catch in 2012.
Although this site remained high in the species richness rankings, it dropped in abundance from
third (4,854 specimens collected) to eighth (2,743) overall. This 2,111 deficit was mostly due
mostly to the 2,195 less Atlantic silverside caught in 2012 than in 2011. Atlantic silverside
accounted for 51% of the total catch in 2011, but only 10% in 2012. Silver perch abundance also
deceased dramatically by 1,142 between 2011 (1,173) and 2012 (31). Silver perch accounted for
only 1% of the total catch in 2012 as opposed to 24% in 2011. On the contrary, mummichog
abundance rose from 236 in 2011 (4.9% of total catch), to 1,293 (47%) in 2012 and replaced
Atlantic silverside as the most abundant fish species for this site. The catch of spot was
significantly higher in 2012 (357) than in 2011 (11). Site 11 had four of the 14 target species
whose abundances were among the five highest for any of the sites in 2012. They were striped
bass (third), striped killifish (fifth), white mullet (fifth) and winter flounder (first). The five 2011
species were Atlantic silverside (third), silver perch (first), striped killifish (fourth), white mullet
(fourth) and winter flounder (first).
Average water temperature was almost 3 degrees cooler in 2012 (21.8 o C) than in 2011
(24.2 oC). Monthly average values were higher for every month except May when they were
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equal for both years. Overall salinity averages were much closer at 25.5 ppt and 24.4 ppt for
2012 and 2011, respectively. Monthly averages were similar for each month except June (25.6
ppt in 2011; 29.8 ppt in 2012) and August (27.9 ppt; 24.2 ppt). The dissolved oxygen average
was 17% higher overall in 2012 (6.2 mg/l) than in 2011 (5.3 mg/l). Monthly averages were 1.13.5 mg/l higher for April through July 2012 and 1.1 mg/l higher for each month from August
through October 2011.
Site 12 – Bethany Bay
The overall fish catch at Bethany Bay was nearly 20% lower in 2012 (3,070) than in 2011
(3,819) and average species richness was also lower in 2012 (5.8 species per month) than
during 2011 (7.7 species per month). A slight decrease in diversity can also be seen in 2012 with
the top five species accounting for 99% of the total catch, an increase from 96% in 2011. The
five most abundant species in 2012 were mummichog at 1,878 specimens, striped killifish at
592, spot at 492, Atlantic silverside at 75 and silver perch at 63. Conversely, the top five for
2011 were mummichog at 1,679, Atlantic silverside at 1,229, striped killifish at 541, silver perch
at 193 and sheepshead minnow at 46. Rainwater killifish (38 specimens) and fourspine
stickleback (43) were well represented in 2011. The 2012 catches of sheepshead minnow (two)
and rainwater killifish (one) were much lower and fourspine stickleback was not collected at all
during 2012. Additional species infrequently collected only during 2011 were American eel,
Atlantic croaker, spotfin killifish, striped bass and striped blenny. Bay anchovy, bluefish,
northern kingfish, and summer flounder were newly caught species in 2012, but none of them
were represented more than two specimens.
Site 12 catches of three of the target species, mummichog (ranked fifth for all sites), silver
perch (third) and striped killifish (third) ranked within the top five sites for the species. The
2011 target species whose catches were so ranked were mummichog (third), silver perch
(second), spot (fifth), striped killifish (fifth) and winter flounder (fourth).
Small and medium blue crabs made up 99% of the total crab catch at Bethany Bay. Only five
large crabs were caught during June (one), August (two) and September (two). This site is
unique among the other sites in that it has a great abundance of macroalgae within the seining
area. This site had the fifth highest catch of small crabs and sixth highest catch of medium
crabs. The presence of rooted macro algae undoubtedly makes the Bethany Bay site a good
nursery ground for small crabs. Epifanio et al. (2003) also found areas with macro algae were
very important nursery habitats for small crabs in the Inland Bays (especially for those less than
30 mm in width).
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The overall dissolved oxygen average was 0.9 mg/l higher in 2012 at 6.4 mg/l than in 2011.
The 2012 monthly average values ranged from 5.6 to 6.7 mg/l except in August and October
(7.6 and 8.1 mg/l. The 2011 monthly average values were 3.3-5.5 mg/l from April through
August while September and October values were 6.9 and 7.5 mg/l. Salinity averages were
nearly identical for 2012 and 2011 in overall values of 25.8 and 26.0 ppt and ranges of 23.5-28.6
ppt and 23.3-28.5 ppt. Average water temperature was higher in every month in 2011 and
overall was 2.9 0 C higher.
Site 13 – Cedar Shores
Cedar Shores has little variation in habitat for numerous fish species to flourish in. The
substrate is sand and the shore is riprap. Although this site ranked sixth in the number of
species abundance, 10 of the 17 species were represented by five or fewer specimens.
However, there is some evidence of a slight increase in fish diversity from 2011 to 2012. The
monthly average number of species increased from four in 2011 to five in 2012. The top five
species made up 95% of the catch in 2012 instead of 99% in 2011. A total of 969 less Atlantic
silverside were caught in 2012 but this decline was partially offset by increases in mummichog
of 165, striped killifish of 92, spot of 20 and striped bass of 15. Thirteen species were more
abundant in 2012 while only three were more abundant during 2011. New species collected at
this site in 2012 were Florida pompano, sennet, permit, sheepshead minnow, spotfin mojarra,
striped bass and white mullet. The species unique to 2011 were Atlantic menhaden, bluefish,
fourspine stickleback, northern kingfish, summer flounder and winter flounder. However, only
one of these unique species, striped bass, was represented by more than three specimens
(Table17). The catches of three target species, bay anchovy (ranked fifth), Atlantic silverside
(fifth) and striped bass (first), were ranked within the top five for all the sites. There were no
such top five ranked catches in 2011.
Overall average salinity for 2012 was only 0.8 ppt higher in 2012 than in 2011. Water
temperature was close during each month between the 2 years with overall averages of 22.2 0C
and 21.4 0C in 2011 and 2012. Dissolved oxygen was 15% higher overall in 2012 and was caused
by averages 2.2-3.1 mg/l higher during April through June of 2012.
Site 15-Fenwick Island State Park
The overall ranking of the site for total fish catch was slightly higher in 2012 (tenth) than for
2011 (eleventh) even though the actual catch was slightly higher in 2011 (1,516 as opposed
1,499). Total species collected ranked 15th in 2012 (12) and 16th in 2011 (seven). The number of
species per month varied from three to eight in 2012 for an average of 4.4. The monthly values
ranged from zero to five in 2011 with an average of 2.7.
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Atlantic silverside dominated the catch in 2011 and accounted for 78.4% of the total number
of specimens. Only the catches of mummichog (11.7%) and striped killifish (6.7%) accounted for
more than 2% of the overall total. Conversely, the catch in 2012 was more diversified with
Atlantic silverside again most dominant (50.3%) but the catch totals of four species,
mummichog (24%), striped killifish (11%), spot (11.4%) and sheepshead minnow (2.4%),
exceeded 2% of the overall total.
Two species, Atlantic menhaden and striped bass, were collected only in 2011 whereas seven
species: black sea bass, oyster toadfish, pinfish, spot, spotfin mojarra, summer flounder and
white mullet were unique to 2012. The only unique species represented by more than three
specimens were spot (171), Atlantic menhaden (26) and striped bass (13). Of the 14 target
species, the Site 15 catch was in the respective species’ top five for Atlantic menhaden (third),
Atlantic silverside (fifth) and striped bass (first) during 2011. The only species with a catch
which placed it in the respective top five for 2012 was Atlantic silverside (third).
Monthly catches were higher in April, June, July and October/November of 2012 than during
2011. The May and August 2012 catches were substantially lower in 2011 due to Atlantic
silverside which accounted for 74.3% and 90.7% of those monthly catches in 2011. Atlantic
silverside was the predominant species in every month of 2011 whereas it dominated the
catches of only July through October/November during 2012.
The only physical-chemical parameter which was substantially different the 2 years was
dissolved oxygen. That parameter was substantially higher overall in 2012 (7.1 mg/l) than
during 2011 (5.4 mg/l) and especially during April through June of 2012 (7.4-8.7 mg/l, average
of 7.6 mg/l as opposed to 2.9-4.5 mg/l). The July through September average was higher in
2011 (by an average of 2.5 mg/l) but the lowest monthly average in those months during 2012
was 4.3 mg/l. The overall average salinity for 2012 (22.8 ppt) was very close to that of 2011
(23.3 ppt). Four months had higher averages in 2011 while two months (August and
October/November) had higher averages in 2012. Water temperature averaged 1.7 oC higher
for 2012 (24.3 oC) than 2011 (22.6 oC). Both years exhibited the same pattern with
temperatures lowest in April (18.3 oC in 2012, 12.4 0C in 2011), increasing to 29.8 oC in July for
both years and subsequently decreasing monthly to 18.8 oC in 2012 and 16.7 oC in 2011 for
October/November.
Site 16-Coastal Kayak
The number of specimens (1,992) and species (15) ranked tenth and eighth, respectively, in
2011. These ranks were substantially higher than the 15th and 16th ranks for 2012 (514
specimens and 10 species). Nine species; American eel, bluefish, naked goby, oyster toadfish,
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rainwater killifish, spotfin mojarra, striped anchovy, striped bass and white mullet were
collected only in 2011. Only four species, bay anchovy, bluntnose stingray, pinfish and spot
were unique to 2012. The only unique species represented by more than five specimens were
spotfin mojarra (14), striped anchovy (15), white mullet (20), bay anchovy (37) and spot (80).
Three of the 14 target species, bay anchovy, mummichog and spot, were more abundant in
2012 while five: Atlantic silverside, bluefish, striped bass, striped killifish and white mullet, were
more abundant in 2011. The highest differences in yearly catches in favor of 2011 were Atlantic
silverside at 1,642, white mullet at 20 and striped anchovy at 15. The highest differentials in
favor of 2012 were spot at 80, sheepshead minnow at 72, mummichog at 42 and bay anchovy
at 37. The only target species which this site’s catch ranked within the top five in 2012 was bay
anchovy (third). The target species with top five catches for 2011 were Atlantic silverside
(fourth), bluefish (second), striped bass (fifth) and white mullet (fifth).
The overall 2011 catch was dominated by Atlantic silverside (91.5%) as well as each month’s
catch from April through September (88.8-100%); only two specimens were collected in
October. The only other specie which was represented by more than 24 specimens was striped
killifish with 74. The 2012 catch was much more diversified with six species: Atlantic silverside
at 181 specimens , spot at 80, sheepshead minnow at 77, striped killifish at 67, mummichog at
66 and bay anchovy at 37, which were represented by more than 25 specimens.
Dissolved oxygen was substantially lower overall for 2011 (4.4 mg/l) than for 2012 (7.7 mg/l),
and for each month (by 1.3-5.9 mg/l). The overall salinity average for 2012 (22.5 ppt) was only
3.6% higher than for 2011. Monthly averages were substantially higher in 2011 for April (by
13.1 ppt) and August (3.0 ppt) while in 2012, May and June values were 7.1 and 6.3 ppt higher.
Water temperature was 2.6 0C higher on average for 2012 at 25.9 0C. Monthly averages were
3.5-9.8 0 higher for October, June and April 2012. Higher values of 1.2 and 1.9 0 in 2011 were for
July and August.
Site 17 – Bayville Shores
Bayville Shores was ranked fourth in both 2011 and 2012 in the number of fish specimens
(3,363 and 4,160, respectively). The site ranked third in species for 2011 with 22 and fourth in
2012 with 19. Ten species were more abundant in 2012 while 17 species were more abundant
in 2011. The largest differences in favor of 2012 were 1,969 for mummichog, 689 for spot and
35 for sheepshead minnow. Species with the largest differences in favor of 2011 were Atlantic
silverside (3,329, striped killifish (114) and bay anchovy (32). A total of 27 species were
collected in the 2 years. The eight species which were only collected in 2011 were American eel,
Atlantic herring, Atlantic needlefish, fourspine stickleback, northern pipefish, striped bass and
winter flounder. The only unique species to 2012 were black drum, rainwater killifish and
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striped mullet. The only unique specie in either year represented by more than three specimens
was silver perch (11).
Monthly CPUE values were substantially higher at 1,584 and 652.5 in April and May than in
any other month during 2012. Conversely, the highest monthly CPUE in 2011 occurred in July at
1,324 and was much higher late in the sampling season, 336.5 in September. In both years the
majority of mummichog was collected in a single month, April in 2012 (68.6%) and July in 2011
(69.5%). Spot catches were higher in every month of 2012 except October when no fish were
collected in either year. Atlantic silverside was substantially more abundant in every month of
2011 except May (84 in 2011 as opposed to 114 in 2012). Striped killifish was substantially more
abundant in April and May in 2012 but less abundant in the other months, especially so in
October (113 as opposed to two). All bay anchovy collected in 2012 were taken in August while
the 2011 catch was spread over May through August; 60.5% in July and 25.5% in June.
Overall averages for dissolved oxygen (7.7 mg/l), salinity (22.5 ppt) and water temperature
(25.9 0C) were higher in 2012 than during 2011 (4.4 mg/l, 19.5 ppt and 23.7 0C). Monthly
dissolved oxygen was 1.3-5.4 mg/l higher in five of the months of 2012. Salinity was higher in
2011 for April through July and September. During 2012, averages were substantially higher for
August (24.4 ppt as opposed to 11.1 ppt in 2011) and October (20.5 ppt/11.1 ppt) which caused
the overall average to be higher for that year. Substantial rainfall events in the Little
Assawoman watershed during the latter part of the 2011 sampling season depressed salinity
values during that period of time. Average water temperatures were very close in each year
except August and September 2012 when averages were 3.1 0C and 4.5 0C higher.
Site 18 – Sassafras Landing
The overall catch of fish specimens was slightly higher in 2012 (2,511) than in 2011 (2,145).
hogchoker and largemouth bass were new to the site in 2012 with the collection of two
specimens each. Also new to the site were spotfin mojarra with 11 specimens and rainwater
killifish with eight. Spot, with 244 specimens, was taken during all months in 2012 but was
absent during 2011. Atlantic croaker (85 specimens), bluefish (4), naked goby (1), silver perch
(1), striped bass (11) and winter flounder (1) were present in 2011 but not during 2012.
Mummichog was more abundant in 2012 (876) than in 2011 (225). October sampling produced
848 of the 854 sheepshead minnow collected at this site in 2012. The total for this species in
all of 2011 was only 23. A significant decrease in striped killifish occurred in 2012 at 54
specimens whereas 1,056 were collected in 2011. Bay anchovy was substantially more
abundant in 2012 (177) than during 2011 (45) while Atlantic menhaden and Atlantic silverside
were more abundant in 2011 (179 and 507) as opposed to 64 and 201 in 2012.

51

The number of target species which had catches at Sassafras Landing ranked in the top five
for all the sites were three in 2012 and seven during 2011. The species in 2011 were Atlantic
croaker (ranked first), Atlantic menhaden (second as opposed to third for 2012), bay anchovy
(third in both years), bluefish (fourth), striped bass (second), striped killifish (third) and summer
flounder (fifth as opposed to third in 2012).
Overall average dissolved oxygen was higher in 2012 at 7.3 mg/l whereas the average in 2011
was 4.7 mg/l. Average salinity levels were almost equal at 19.8 PPT in 2012 and 19.6 PPT in
2011. Water temperature overall average was slightly lower at 24.4 0C in 2011 than the 25.1 0C
for 2012. April, June, August, September and October averages were higher by 1.7, 0.6, 1.9, 0.6
and 3.6 0C than in 2011 while the May and July averages were both 1.9 0C higher in 2011.
Site 20 – Strawberry Landing
The number of fish collected in 2012 (1,167) was 34% higher than in 2011 (871) while the
abundant species were significantly different in the 2 years. Atlantic silverside (50.8% of the
overall catch), mummichog (22.3%), striped killifish (15.1%) and bay anchovy (8.5%) accounted
for 96.7% of the catch in 2011.During 2012, mummichog (60.3%), spot (28.6%), striped killifish
(4.7%) and Atlantic silverside (2.5%) accounted for 96% of the overall catch. The highest months
for catch totals in 2011 were September (33.1%), July (27.7%) and May (15.2%) while April and
May accounted for 82.3% of the 2012 catch. Spot was the only species collected in all sampling
months of 2012 while striped killifish was the only universal species during 2011.
The only species catch for the site ranked in the top five sites for 2012 was summer flounder
(third) while the catches of bay anchovy (second) and summer flounder (fifth) were ranked in
the top five for 2011.
Overall average dissolved oxygen was substantially higher in 2012 (6.8 mg/l) than in 2011 (4.5
mg/l). Each monthly average was 0.5-4.5 mg/l higher in 2012. Salinity overall averages were
very close in 2012 (21.4 ppt) and 2011 (20.5 ppt). Monthly average salinity was higher by 1.7
and 3.6ppt in May and June in 2011 but was 11.2 ppt lower in August (14.3 ppt). The catch in
August 2011 (85) was substantially lower than during July (241) and September (289). The
sudden, substantial drop in salinity could have been a factor causing the lower fish abundance.
Overall average water temperature was nearly equal in 2012 (24.5oC) and 2011 (24.8oC).
Monthly differences in averages were less than 0.8 oC in all months except July and August (2.2
o
C higher in 2011 and 1.7 oC higher in 2012).
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Target Fish Species
Atlantic croaker
The 2011 catch (103) was substantially higher than for 2012 (five). Greco (2013) reported the
young-of-the-year DNREC bottom trawling index for Atlantic croaker in the Indian River and
Rehoboth Bay (0.52) was 42% lower than for 2011 and the ninth lowest in the 26 years of the
survey. Atlantic croaker, like spot, spawn offshore in the Atlantic Ocean and their abundance is
greatly affected by the survival of the early life stages in that habitat. This causes great levels of
fluctuation in year class strength of both species.
The results of 2012 mirrored those of 2011 for estuarine habitat preference of juveniles with
all specimens in both years collected at sites with soft substrate. This agrees with findings by
Miller et al. (2003) and Cowan and Birdsong (1985) that young-of-the-year Atlantic croaker
were most abundant on muddy substrate.
Atlantic croaker spawn in the fall (Wang and Kernehan 1979) and small juveniles subsequently
migrate into estuaries during the fall and winter to spend their first year. This species is subject
to a fishery management plan administered by the South Atlantic Board of the Atlantic States
Marine Fisheries Commission. Coastal stock levels have varied substantially over the years,
reaching their highest recorded levels early in the 21st Century. In recent years, the population
has declined but management triggers have not been implemented that would necessitate
additional restrictions on fishing mortality (ASMFC 2013).
Atlantic menhaden
The total number of Atlantic menhaden collected in 2012 (1,427) was 84% higher than the
total for 2011 (777). Indian River and Bay accounted for the majority of the overall catch in
both 2012 (92%) and 2011 (73%). The menhaden catch in 2011 was more concentrated as
Sandy Beach (73.3%) and Sassafras Landing (23.0%) were the only sites with catches of more
than three specimens (553 and 179). Samples at 11 of the sites in 2011 yielded no menhaden
while eight sites had catches of zero in 2012. The only other sites where menhaden were
collected in 2011, The Peninsula, Rosedale Beach and Bayville Shores had mud or silt
substrates like Sandy Beach and Sassafras Landing. The sites where 96.4% of the menhaden
were collected in 2012 (Sandy Beach, The Peninsula, Sassafras Landing, Rosedale Beach,
Bayville Shores and Pool’s Point) have mud/silt substrate. The data from the 2 years seems to
point to a preference for this type of habitat by juvenile menhaden in the Delaware Inland Bays.
Future years of sampling will show if this preference is an anomaly or a fact in the Inland Bays.
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Another important trend which has become evident is the importance of Sandy Beach as a
preferred nursery area for Atlantic menhaden in the Inland Bays. Also, Sassafras Landing seems
to be an important nursery area for this species in Little Assawoman Bay.
The dominance of May (68.1%) and June (26.4%) catches in the overall totals for each year
agrees with Able and Fahay (2010) who reported that most of the spawning of Atlantic
menhaden in the mid-Atlantic Bight occurs in fall or early winter. The data also agrees with
Wang and Kernehan (1979) who found that 10-20 mm larvae enter the Delaware estuaries
during December through May.
Atlantic menhaden spawn in offshore waters. Young move to near-shore coastal waters and
estuaries during spring and summer. They travel in dense schools and penetrate into the lowest
salinity portions of the Inland Bays. Young are subject to periodic substantial fish kill events in
confined waters such as lagoons and tidal creeks. When these fish kill events occur, there
seldom is agreement about what triggered them. Specifically, did the menhaden young-of-year
encounter poor water quality and get trapped in lagoons with no outlet and start dying, or did
the biomass of menhaden in a confined area contribute to the oxygen depletion?
Atlantic menhaden is managed by the Atlantic States Marine Fisheries Commission’s
management plan. It is a commercial species that is harvested primarily by the commercial
reduction fishery, and, to a lesser but increasingly important extent, as bait for other species
such as lobster, blue crab and striped bass. The reduction fishery employs spotter planes and
large purse seiners to pursue the species both in the Virginia portion of Chesapeake Bay and
along the Atlantic Coast. The fish taken by the reduction fishery are ground into fish meal and
fish oil for Omega 3 protein supplements and animal feeds.
Although commercial utilization of menhaden was the only concern historically, recently the
commercial fishery has come under scrutiny because of the growing recognition of menhaden
as very important in the food chain for many marine predators such as striped bass, bluefish
and weakfish. The ASMFC has generated an updated stock assessment and in 2013 initiated
action to reduce the commercial reduction and bait landings by 20% as a precaution, pending
the outcome of the most recent stock assessment (ASMFC 2013).
Atlantic silverside
Atlantic silverside is one of the most abundant species in the shore zone of the Inland Bays.
Much of the population resides in the Inland Bays but many specimens migrate to offshore
habitats in the Atlantic Ocean during fall and return in spring to spawn in higher salinity parts of
estuaries (Able et. al., 2007; Conover and Murawski 1982; Wang and Kernehan 1979). This
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specie was by far the most abundant species collected during 2011 (45.3% of the overall catch)
and was the fourth-most abundant species in 2012 (11.5 %). The dramatically high abundance
and dominance level in 2011 may be an extremely unusual event or a regular occurrence but
there is no long-term, comprehensive data for the Delaware, Indian River Bay and Little
Assawoman Bay for comparison. The 2 years of study by Derrickson and Price (1973) of
Rehoboth and Indian River Bays reported Atlantic silverside as the most abundant species but
the contributions to the overall catches were less, 30% in 1968-69 (equal to striped killifish) and
25.1% in 1969-70 (less than the 34.1% for striped killifish). Pacheco and Grant (1965) in addition
to Campbell (1975) reported similar results with Atlantic silverside representing 34.5% and
32.2% of their totals in studies of White Creek, a tributary of Indian River Bay. Edmunds and
Jensen (1974) reported that silversides represented 49.7% of their total seine catch but did not
differentiate between Atlantic and inland silversides for a large portion of their specimens
(86%).
The monthly catches of Atlantic silverside were greater by factors of 1.4 to 17.4 during May
through October/November in 2011 than in 2012. The catch for April 2012 was 6.4 times higher
than that of 2011. The warmer weather in April 2012 (average water temperature readings of
20.5 0C) than in April 2011 (16.4 0C) probably caused this difference. This species accounted for
more than 45% of the overall catch in Rehoboth (45.8%) and Little Assawoman (71.1%) bays.
The Atlantic silverside catch was higher at every site in 2011 by factors of 1.3 to 16.4; six of sites
were higher by factors in excess of 9.5. This species represented more than half of the overall
catch at nine sites: Rehoboth Country Club, Herring Landing, Cedar Shores, Fenwick Island State
Park, Coastal Kayak, Bayville Shores, Tower Road, Holts Landing State Park and
Strawberry/Mulberry Landing, during 2011. All of these sites have sand substrate along the
shoreline. Only Herring Landing and Bayville Shores have mud or mud/silt substrate a few feet
from the high tide line. The preference for sand substrate agrees with the habitat preference
for Atlantic silverside reported by Able and Fahay (2010).
Dissolved oxygen levels less than 3.0 mg/l have been reported to be detrimental to Atlantic
silverside. Able and Fahay (2010) found that young-of-the-year exhibited stress reactions when
exposed to dissolved oxygen levels of less than 2.6 mg/l. Samples from 2012 with dissolved
oxygen values of less than 3.0 mg/l seemed to agree with these findings. The average catch of
the nine samples at these oxygen levels was 11.8 Atlantic silversides. The other samples at the
same sites and months averaged 64.4 specimens per sample. However, 2011 samples with less
than 3.0 mg/l averaged 357.6 Atlantic silversides while the average for the other samples at the
same sites and months was 82.6.
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Bay anchovy
Overall catches of bay anchovy were remarkably similar in 2012 (570) and 2011 (512). The
catch was less concentrated in 2012 than in 2011 when the largest collections occurred in
August (41.8%), July (23%), June (16.2%) and May (12.9%). No other month in 2011 contributed
more than 3.5% and September’s catch was zero. The overall CPUE was very similar for Indian
River/Bay (2.89) and Little Assawoman Bay (2.66) as it was for 2012. The average CPUE for
those systems in 2011 was only three times higher than the Rehoboth Bay value as opposed to
88 times higher in 2012. Most of the Rehoboth Bay catch (62.5%) was collected in June of 2011
whereas 69.5% of the 2012 catch was taken in May and June. The Indian River and Bay overall
catch in 2011 was concentrated in June (12.4%), July (28.5%) and August (55.4%) as opposed to
2012 when the catch was more diversified between October (28.8%), July (24.1%), May
(19.4%), September (15.0%), June (7.5%) and August (5.3%). Like Indian River and Bay in 2012,
the 2011 Little Assawoman catch was widely distributed between April (9.3%), May (34.0%),
June (10.0%), July (16.7%) and August (29.0%). The 2012 catch was concentrated in July
(37.4%), August (30.0%) and September (30.0%).
The two highest site contributions for bay anchovy in 2012 were again from Sandy Beach
(29.6%) and Sassafras Landing (31.1%) but a significant contribution also came from Holts
landing State Park (15.5%). In 2011 Sandy Beach dominated with 46.2% of the overall total. In
addition, Sassafras landing, Rosedale Beach and Bayville Shore contributed 8.4-8.8% each. All
of these sites have mud or mud and silt substrate. Both bay anchovy and Atlantic menhaden
are plankton feeders and the dominance of the above sites for both species could be the result
of higher zooplankton and probably phytoplankton (upon which the zooplankton feed)
abundance in these habitats.
Bluefish
Young-of-the-year bluefish were only sporadically collected in 2012 (13 specimens) with the
catch being substantially lower than in 2011 (41 specimens). The catch was distributed
differently between the 2 years. The CPUE for Indian River and Bay was slightly higher (0.08)
than those for Rehoboth (0.06) and Little Assawoman (0.05) bays for 2012. In 2011, Little
Assawoman Bay sites had a higher overall CPUE (0.25) than Rehoboth Bay (0.19) and Indian
River and Bay (0.16). Bluefish catches were highest, three at each site, at Sandy Beach and
Bayville Shores during 2012. In 2011, catches were greater than three at Bayville Shores (six),
The Peninsula and Coastal Kayak (five each) in addition to Tower Road, Holts Landing State Park
and Sassafras Landing (four each).
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Bluefish are managed jointly by the Atlantic States Marine Fisheries Commission and the MidAtlantic Fishery Management Council using a state-specific commercial quota and a maximum
possession limit on the recreational fishery. Historically the recreational sector has been
allocated about twice the landings of the commercial sector. Presently, total bluefish biomass is
less than the target level but greater than the biomass threshold (ASMFC 2013). Bluefish spawn
offshore and their young move into estuaries and near shore coastal waters for feeding
purposes through the summer. No additional coastal management restrictions are
contemplated at this time as long as the biomass exceeds the threshold level that would trigger
additional restrictions on catch. Biomass has been slowly recovering since the mid-1990s when
it reached the threshold level, but it is still less than what it was in the early 1980s (ASMFC
2013).
Mummichog
Mummichog was nearly twice as abundant in 2012 than in 2011. The majority of the overall
catch was collected in the period from April through July in both 2012 (89.2 %) and 2011 (73.0
%). This time is the primary spawning season for mummichog (Wang and Kernehan, 1979) and
the high catches were probably indicative of pre-spawning and spawning aggregations. The only
exception to this pattern was the 576 specimens collected at Tower Road in October 2011. This
catch and groups of mummichog along the entire beach was probably a result of fall migration
from adjacent marsh areas. Only one specimen was collected at this site during the rest of the
sampling season.
All of the sites except Tower Road, Rosedale Beach, and Sandy Beach had higher catches in
2012 than in 2011. The catch at Tower Road was only one in 2012, as it had been for almost all
of 2011. The highest differences in favor of 2011 were recorded at Rosedale Beach and Sandy
Beach, 263 and 3,215 specimens, respectively. The highest differences for 2012 were recorded
at Bayville Shores (1,969), the Peninsula (1,682), Kayak Launch (1,304) and Holts Landing State
Park (1,057).
The sites with consistently lower catches did not have adjacent marsh areas which are
regularly drained during lower tide stages. This is the situation at Tower Road, Rehoboth
Country Club, Herring Landing, Cedar Shores, Fenwick Island State Park and Coastal Kayak.
These sites also have sand substrate immediately onshore or throughout the sites. This agrees
with the finding of Wang and Kernehan (1979) that mud was the preferred substrate for
mummichog in the Delaware estuaries. Mud was also reported by them as the preferred
spawning substrate. This undoubtedly was the cause of the very large catches during the April
through July peak spawning season (Wang and Kernehan 1979) at The Peninsula, Sandy Beach,
Pools Point, Bethany Bay, Bayville Shores and Sassafras Landing during both 2011 and 2012.
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The pattern of highest overall abundance (CPUE) in April through July was the same for both
2012 and 2011. Indian River and Bay also exhibited the same pattern of abundance months
during both 2012 and 2011. The pattern in Little Assawoman Bay exhibited the same trend in
2012 but the highest monthly catches in 2011 occurred in July, May, June, August and
October/November (Table 6). Rehoboth Bay sites exhibited the same highest monthly
abundances in April-July in 2012 but the highest months in 2012 were October/November (77.6
CPUE), May (14.4) and August (13.0).
Silver perch
The total number of silver perch collected in 2012 (647) was 63.5% less than in 2011 (1776).
The catch in 2011 ranked fourth, while the 2012 total ranked seventh. Indian River and Bay
accounted for the majority of the overall catch in both 2012 (70.6%) and 2011 (96.6%). The
catch in 2011 was highest at Site 11 (Holts Landing State Park) which accounted for 1,173
specimens (66% of that year’s total). However, this same site only yielded 31 specimens in 2012
(4.7% of the catch). The sites with the highest abundances in 2011, Holts Landing State Park,
Bethany Bay (10.8%), Sandy Beach (6.1%), Rosedale Beach (5.3%), Pools Point (3.8%) and The
Peninsula (3.2%) accounted for 95.2% of the total catch. In 2012, the Peninsula (32.3%), Kayak
launch (17.0%), Sandy Beach (16.3%), Bethany Bay (9.7%) and Tower Road (6.9%) together
contributed 82.2% of the total catch. The 2012 catch was more evenly distributed across the
top sites whereas in 2011 the Holts Landing site contributed a predominantly large percentage
of the total catch. In 2011, silver perch was caught at all sites except for three in 2012, silver
perch was caught at all sites except four. The 2011 sites were located on Rehoboth Bay (one)
and Little Assawoman Bay (two). In 2012, all four sites with no catch were on Little Assawoman
Bay. The extremely low catches in this system for the 2 years seems to indicate that Little
Assawoman system has a substantially lower population than the Indian River system. The
exact area of origin of the juvenile silver perch collected in Little Assawoman Bay is unknown.
Limited spawning is possible in the Bay; juveniles can migrate in from Assawoman Bay or
Atlantic Ocean spawning, or migrate in from Indian River Bay via the Assawoman Canal.
In 2011, the sites with the most abundant catches had a combination of sand and mud
substrates with the exception of one (Sandy Beach) which has all mud. In 2012, the top sites
had substrates of sand (Kayak Launch and Tower Road), sand and mud mixture (The Peninsula
and Holts Landing) and mud (Sandy Beach). Since the substrates of these sites ranged from
sand to mud, it may indicate that juvenile silver perch do not have a particular substrate
preference. One would be tempted to list sand and mud mixture as the preferred substrate due
to the extremely high catch of 1,042 specimens (with additional thousands of the late larvae
and early juveniles observed flowing through the net) at Holts Landing on July 8, 2011 but that
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catch could have been an anomaly to have such a large aggregation of late larval/early juvenile
specimens so close to shore. An extremely large catch was not replicated at any site in either
year. Studies by Thomas (1971) indicated that silver perch spawn in shallow inshore waters of
Delaware Bay. Those studies also found juvenile silver perch over substrates of mud or mud and
sand with abundant detritus. The hypothesis of no single preferred substrate in the Inland Bays
is based on just 2 years of data in this study and the addition of future years’ data will perhaps
indicate stronger habitat preferences.
In both 2011 and 2012, July and August catches were dominant in the overall totals. July
accounted for 66.2% in 2011 and 32.3% in 2012 while August yielded 28.2% in 2011 and 49.1%
in 2012. Wang and Kernehan (1979) observed spawning from May through July in the Delaware
and Indian River estuaries while Able and Fahay (2010) noted larvae and small juveniles first
appeared in June and July. Both of these studies appear to support the 2011 and 2012 data
from this study where the largest catches of juveniles was in July and August. Able and Fahay
(2010) stated that they found the majority of juveniles in August after which the larger fish
moved offshore. The large abundance of juvenile silver perch caught during the July sampling in
2011 may have skewed that year’s findings. Data from future years may show a more even
distribution throughout these two months.
Spot
The universal high abundance of spot throughout the Inland Bays in 2012 indicated that a very
strong year class was produced. Spot spawn offshore in the Atlantic Ocean over the continental
shelf (Able and Fahey, 2010). Most spawning occurs south of the Middle Atlantic Bight.
Occasionally, survival of the early life stages in the ocean is much higher and produces
dominant year classes with significantly higher abundance than most other years. Inland Bays
seine samples in 2011 and 2012 exhibited a substantial difference with 74 specimens collected
In 2011 and 8,219 specimens taken during 2012. Greco (2013) reported the 2012 abundance of
spot in bottom trawls of the Delaware and Indian River estuaries was the fifth highest in the 32
years of that study. The index of CPUE of 7.56 was less than those of only 1988 (17.82), 1982
(10.90), 1996 (10.19) and 2005 (8.86). The average of these years was 12.36 whereas the
average for the other 27 years was 0.63. A similar higher abundance of spot was also recorded
in shore zone samples near the mouth of Delaware Bay in 2012 (Kernehan and Begley 2012).
Spot was collected in every month of 2012 but only during 4 months (May through August)
during 2011. This species was taken at every site in 2012 but was absent from seven of the 16
sites in 2011. Catches in 2012 were higher at all sites and ranged from eight and 13 times higher
at Cedar Shores and Kayak Launch to 179 and 142 times higher at The Peninsula and Rosedale
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Beach. Most of the highest differences occurred in the April. Samples at The Peninsula and
Rosedale Beach on the 28th of that month yielded 1,305 and 1,508 specimens. The number of
spot collected at Sandy Beach on that day was only seven, an unexpectedly low total. However,
the salinity at Sandy Beach, only 13.9 ppt, was substantially lower than for the other two sites
(23.9 and 17.8 ppt) and may have been lower than the preferred range of the very small
specimens collected on that day. Most of the sites with the highest collection totals: Rosedale
Beach, The Peninsula, Bayville Shores, Bethany Bay, Sandy Beach, Holts Landing State Park and
Sassafras Landing have mud or mud/silt substrates. Each of these sites had overall catches of
more than 240 specimens. The only exceptions to the above were Tower Road (407
specimens), Cedar Shores (647) and Strawberry Landing (334) which have harder substrates.
Able and Fahay (2010) reported that juvenile spot utilize a variety of habitats.
Striped bass
The fact that all of the young-of-the-year (YOY) striped bass collected in 2012 were taken in
Indian River and Bay indicated successful spawning occurred in that system. The senior author
observed a large adult striped bass at the base of Millsboro Pond Dam on March 15. Water
temperature was 15.7 oC which is within the preferred range of 14-17 oC for maximum striped
bass spawning (Kernehan et. al. 1981). The absence of YOY striped bass in Little Assawoman
Bay samples indicated that successfully spawning probably did not occur in that system during
2012. The system undoubtedly only has marginal spawning habitat for this species since there is
not a constant source of substantial surface freshwater input with enough current to keep the
semi-buoyant eggs suspended in the water column. Late winter and spring of 2012 had very
little rainfall which limited freshwater inflow and probably prevented successful spawning. The
higher catch in Little Assawoman Bay than Indian River/Bay during 2011 indicated successful
spawning occurred in both systems during that year (Kernehan et.al 2012). Winter and spring
rainfall was substantially greater in 2011 which probably provided adequate freshwater for
successful spawning in Little Assawoman Bay or its tributaries.
As in 2011, the only striped bass collected in Rehoboth Bay was a 1+ year old specimen which
was a product of the previous year’s spawning. The high salinities of Rehoboth Bay sites
probably limit their value as nursery habitat for YOY striped bass. All of the striped bass taken in
2012 were collected at sites with sand substrate. The preference for sand substrate habitat is
consistent with results of the 2011 study and previous reports for the Delaware estuaries
(Wang and Kernehan 1979).
The principal spawning grounds for the coastal migratory population of striped bass are in the
upper Chesapeake Bay and Bay tributaries in addition to the systems of the Delaware, Hudson
and Roanoke rivers (Kernehan et al. 1981; Able and Fahay 2010; Fabrizio 1987; Waldman et al.
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1990). The Delaware Inland Bays are primarily used by this population as feeding grounds. The
Bays are only marginal spawning grounds due to the relative scarcity of freshwater inflow
needed to suspend the semi-buoyant eggs for the 36-74 hours needed to hatch, depending on
water temperature (Mansueti 1958).
After a decade of reduced abundance, the Atlantic coastal population was declared restored by
the Atlantic States Marine Fisheries Commission (ASMFC) in 1995, peaked at around 2003 and
subsequently declined. Recently, the standing stock biomass of spawning females has fallen to
a level of concern and the ASFMC will consider action to reduce fishing mortality rates in 2015
to bring the spawning stock above the biomass threshold (ASFMC 2013).
Striped killifish
Striped killifish was the third most abundant species in 2011 (Kernehan et al. 2012) and the
second most abundant species in 2012 (Table 3). Striped killifish is an important forage species
that prefers sandy bottom habitats. This species can attain a rather large size for a killifish with
females reaching up to eight inches in length (Murdy and Musick, 2013). More than half (66%)
of the 9,196 striped killifish taken in 2012 were collected from Rehoboth Bay sites while 55% of
the 2011 catch was taken at these sites. Site 1 yielded the most striped killifish in both 2011
(5,027) and 2012 (5,751). The Peninsula accounted for the second highest total (1,207) of
striped killifish in 2012 and Bethany Bay 12 was third with 542. Sassafras Landing was second in
2011 with 1,056 and The Peninsula was third with 910. The Sassafras Landing total was
dominated by the 970 specimens collected on November 12. This catch also elevated the 2011
CPUE for Little Assawoman Bay to a second highest system value of 27.4 behind the 103.2 for
Rehoboth Bay but ahead of the 26.7 for Indian River and Bay. Every site yielded striped killifish
which is appropriate for this year-round resident species which frequents shallow water
estuarine habitats and is most abundant on sand substrate (Murdy and Musick 2013). Striped
killifish is notably tolerant of a wide range of temperature and dissolved oxygen conditions,
although they prefer more saline waters.
Summer flounder
Summer flounder was occasionally collected in 2011 (49 specimens) and 2012 (62). It was
ranked 11th in 2012 and 19th during 2012. The CPUE for Indian River and Bay (0.40) was lower
than for Little Assawoman Bay (0.30) whereas the opposite was true for 2011 (0.28 and 0.30,
respectively). There were two or fewer summer flounder collected at 11 sites in each 2012 and
2011. There was a remarkable similarity in the sites with the highest catches in each year. The
sites in common were Rosedale Beach (17 in 2012; 16 in 2011), Sandy Beach (9; 9), Bayville
Shores (7; 9) and Strawberry Landing (7; 6). These sites accounted for 58% of the catch in 2012
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and 81.6% in 2011. All of these sites have soft substrates of mud or mud and silt mixtures which
points to a preference by juveniles for those habitats. Able and Fahay (2010) reported summer
flounder juveniles were found in many habitats but did not indicate a preference. Powell and
Schwartz (1977) reported that summer flounder was associated with transition zones from fine
sand to silt and clay. A substantial majority of the catch was collected during May through
September in both 2011 (91.8%) and 2012 (93.5%).
Summer flounder is a coastal migratory species that spawns over the Continental Shelf of the
Atlantic Ocean. The Inland Bays serve as nursery areas for juveniles who have migrated
through Indian River Inlet and Ocean City Inlet. As a coastal migratory species of great
recreational and commercial importance, summer flounder stocks are managed collectively by
both the ASMFC and the Mid-Atlantic Fishery Management Council under the oversight of the
National Marine Fisheries Service. Summer flounder is a restored species that is protected by
means of commercial quotas and recreational size, daily harvest and recreational seasons
(ASMFC 2013). Adults utilize the Inland Bays as feeding grounds during the mid-spring through
fall. Juveniles and adults leave the Inland Bays in the fall to make their way to over-wintering
areas along the Continental Shelf. Spawning occurs during this offshore migration.
Weakfish
Ten weakfish were taken in 2012, which was a substantially lower total than the 57 collected
in 2011. All of the specimens collected in 2011 were taken at Sandy Beach (50) and Rosedale
Beach (seven). In 2012, weakfish were collected at The Peninsula, Rosedale Beach and Sandy
Beach. Each of those sites has either total mud substrate or mud substrate in a large part of the
sampling site (The Peninsula). This habitat preference for young weakfish agrees with Able and
Fahay (2010) who found that YOY weakfish were most abundant in areas with silty substrate.
Like 2012, most of the specimens (77.2%) were collected in July (five) and August (40) 2011.
Weakfish, like winter flounder, is a species of former local abundance which is now
considered by ASMFC to be depleted throughout its coastal range, even though overfishing is
no longer occurring. This migratory species spawns in higher salinity waters (20-25 ppt).
Juveniles spend most of their first summer in coastal embayments and tidal tributaries before
migrating offshore and south to the area offshore from North Carolina in the fall. Weakfish
mature by ages one or two, but are known to live 12 years or more. Weakfish, officially
Delaware’s State Fish, was Delaware’s most important commercial and recreational species
from the late 1960s to around 1990 before populations crashed (Seagraves 1995). There
appeared to be a brief recovery of weakfish in the middle 1990s, but then the coastal stock
precipitously declined (ASMFC 2013). Present management of weakfish by ASMFC member
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jurisdictions is for retention of by-catch only with a 100 pound daily commercial fishing limit
and a one fish per day recreational limit in hopes that the species will begin to recover.
Although there are many opinions as to what caused the stock to crash in the first place, it
appears that overfishing in the 1980s through the mid-1990s and predation from other
recovered coastal species such as striped bass and spiny dogfish may be factors in suppressing
weakfish numbers (ASMFC 2013). There is an unknown, but probably significant, by-catch loss
of juvenile weakfish in shrimp trawl fisheries in coastal waters of the Carolinas
White mullet
The total number of white mullet collected in 2012 (474) was 11% less than the total for 2011
(528). Indian River and Bay accounted for the majority of the overall catch in both 2012 (75.7%)
and 2011 (86.5%). In 2012, the white mullet catch was ranked ninth whereas in 2011 it was
ranked eighth. The catch in 2011 was highest at Pools Point with 308 specimens (57.8% of the
overall catch. However, this site only yielded seven specimens in 2012. The remaining sites with
the highest contributions in 2011, The Peninsula (11.0%), Rosedale Beach (11.0%) and Holts
Landing State Park 10.2%), accounted for 32.2% overall catch. Holts Landing State Park (49.2%)
and The Peninsula (21.1%) along with Kayak Launch (13.9%) had the highest catches in 2012
and accounted for 84.1% of the total catch. In 2011, there was no white mullet catch at four of
the sites whereas there was no catch at only one site during 2012. In both 2011 and 2012, the
sites with the highest abundance of specimens have substrates that are primarily sand close to
shore; some have mud substrate in the adjacent offshore area. This may indicate that juvenile
white mullet prefer a mostly sandy habitat in inshore areas of the Delaware Inland Bays and
that Indian River and Bay may provide the best conditions for them. This is based on just 2
years of data and the addition of future years’ data will indicate whether this a fact.
The Peninsula appears to be a preferred nursery habitat for white mullet as it was one of the
sites with highest abundances in both 2011 and 2012. However, it must be noted again that
the significantly highest catch in 2011 was taken at Pools Point. Both of these sites are part of
the Indian River and Bay system.
June and July catches were dominant in the overall totals for each year. June had the highest
percentage for both 2011 (75.1%) and 2012 (43.2%). Wang and Kernehan (1979) reported that
spawning occurs from March through September with peak activity from April through June.
This would appear to agree with the highest abundances of juvenile white mullet in June and
July of both years.
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Winter Flounder
Winter flounder is a coastal recreational and commercial migratory species that spawns in
mid-winter to early spring in coastal bays and estuaries including the Inland Bays.
Unfortunately, its coastal stock is much reduced inclusive of the area from southern New
England to the Mid-Atlantic including Delaware. The stock is considered overfished, but
overfishing is not currently occurring (ASMFC 2013). In essence, this means that coastal stocks
are depleted over a wide portion of the range of this species, but current rates of fishing
mortality are not excessive. In compliance with the Atlantic States Marine Fisheries Commission
Winter Flounder Fishery Management Plan and amendments, all states from southern New
England through the Mid-Atlantic area have adopted drastic management measures such as
recreational catch limits of two winter flounder per day and a 50-pound commercial catch limit
per day for inshore commercial fishermen. Offshore landings in federal waters are controlled
by a harvest cap administered by the National Marine Fisheries Service. The Winter Flounder
Fishery Advisory Panel to the ASMFC has recommended that all fisheries for winter flounder in
the Southern New England/Mid-Atlantic area be closed down until populations recover. Not
only is the species subject to mortality from both directed and non-directed offshore
commercial fisheries, its propensity to spawn in inshore and estuarine water puts it’s early life
stages at risk from inshore pollution events as well as industrial and power plant water intakes.
Although there was a recreational fishery for winter flounder in Indian River upstream as far
as the Indian River Power Plant’s heated water discharge into Island Creek in the 1960s and
early 1970s (Weston 1995), this fishery has virtually disappeared over the past 30 years and
Delaware recreational landings are very scarce or even non-existent in most years (Greco 2013).
Nonetheless, there is evidence of winter flounder reproduction in the Inland Bays as 33 and 35
small juveniles were taken in the 2012 and 2011 seine surveys. Winter flounder was reported to
prefer muddy bottom estuarine habitats (ASMFC 2013), so those seining sites that include some
soft bottom areas are likely to harbor the most winter flounder. Holts Landing State Park, with
the largest catches in both years (13 and 16 specimens), as well as The Peninsula (seven; one)
which was ranked fourth and third for 2012 and 2011 in addition to Rosedale Beach (6; 6) which
ranked second for both years all had soft bottoms at or very close to the shoreline. The only
exception with catches ranked in the top five for either year was the Kayak Launch Site (2; 5)
which was ranked third in both years and has sand substrate. This overall substrate preference
differs from the preference for sandy substrate by specimens larger than 25 mm reported by
Able and Fahay (2010) in a New Jersey coastal estuary.
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TABLES
Table 1. Description of sampling sites for CIB Inshore Fish Survey - 2012
Site 1. Kayak Launch Site ( Latitude 38.6165, Longitude -75.0704) – Delaware Seashore State
Park launch site located behind the Indian River North Marina off Inlet Rd. on Rehoboth Bay.
The seine haul is made from east to west starting at100ft to the east of the dock at the launch
area. Substrate is sand and the shore is Spartina marsh grass, which is submerged at high tide, for
the first 70ft while the remainder of the shore is sand beach.
Site 2. Tower Road –Bay Side (Lat. 38.6752, Long. -75.0739) – located at the Delaware
Seashore State Park, Tower Road – Bay Area off Rt. 1 South on Rehoboth Bay south of Dewey
Beach. The seine haul is made from north to south starting from 100ft north of the center parking
area. The substrate is sand.
Site 3. Rehoboth Country Club (Lat. 38.6896, Long. -75.107) – located behind (south of) the 19th
tee of Rehoboth Country Club off East Side Drive on Rehoboth Bay. The seine haul is made
from west to east starting at 100ft west of the small jetty at the end of the Country Club property.
The substrate is sand while the shore is large slabs of concrete.
Site 4. Herring Landing (Lat. 38.6457, Long. -75.1278) – located at the end of the trail in the
State wildlife area on the end of Camp Arrowhead Rd. The seine haul is made from west to east
on Rehoboth Bay starting 100ft west of the end of the trail. The substrate is sand around
numerous drowned juniper stumps.
Site 5. The Peninsula (Lat. 38.607, Long. -75.1551) – located in The Peninsula development at
the end of Bay Farm Rd. in the embayment on the east side of the pier off Indian River Bay. The
seine haul is made from east to west starting at 100ft east of the end of the embayment next to
the pier. Substrate is sand near shore and mud out to the rip rap jetties (which are separated by 50
ft) that separate the embayment from the Bay. A large area of marsh grass is adjacent to the end
of the east jetty and extends back into Lingo Creek.
Site 6. Rosedale Beach (Lat. 38.5916, Long. -75.2119) – located adjacent to the State boat
launch ramp on Indian River. Two 50ft seine hauls are made at this site due to the pier located
close to the east side of the launch ramp. The first haul is made from east to west starting 50ft
east of the pier. The second haul is started at the west side of the pier and extends 50ft to the
sheet piling wall of the ramp. The substrate of the entire area is mud. The shoreline along the
first seine area is marsh grass bordered by a 6 inch mussel-covered drop-off. The shoreline of the
second haul is a sandy beach.
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Table 1. Continued
Site 8. Sandy Beach (Lat. 38.5834, Long. -75.2535) – located at the end of Sandy Beach Drive
off the end of Thorogoods Rd. The seine haul is made from west to east on Indian River starting
100ft west of the dock. The net is pulled up onto the launch ramp next to the dock to unload the
catch. The substrate is mud.
Site 10. Pools Point (Lat. 38.5682, Long -75.1876) – located at the intersection of Dogwood and
Pepper Creek roads on Pepper Creek at the confluence with Indian River Bay. The seine haul is
made from northwest to southeast starting at 100ft northwest of the end of the trail from the
parking area to the beach. Substrate is sand near shore and mud offshore.
Site 11. Holts Landing State Park (Lat. 38.5925, Long. -75.1288) – located off the west end of
the parking lot at the end of Holts Landing Rd. on Indian River Bay. The seine haul is made from
100ft west of and into the embayment at the end of the trail from the parking lot to the Bay. The
bottom is a mixture of sand and mud. The shoreline is marsh grass and a rip rap jetty separates
the embayment from the Bay. A narrow sand bar delineates the eastern end of the embayment.
Site 12. Bethany Bay (Lat. 38.5709, Long. -75.0987) – located in the development of Bethany
Bay at the end of Railway Rd. Seining is conducted in front of Building No. 30474 at the end of
the access trail on White Creek. The seine haul is made from east to west starting at 100ft east of
the end of the trail. The substrate is a mixture of mud and sand with abundant algae usually
present. The shoreline is marsh grass for the first 70% of the seine haul with a sandy beach
comprising the balance.
13. Cedar Shores (Lat. 38.5762, Long. -75.0919) – located in the development of Cedar Shores
at the end of Sandy Rd. on the confluence of White Creek and Indian River Bay. The site is
located off the lawn in front of the development. The seine haul is made from east to west
beginning 100ft to the east of the stairs leading to the beach. The substrate is sand and the shore
is rip rap.
Site 15. Fenwick Island State Park (Lat. 38.4975, Long. -75.0561) – Assawoman Recreation
Area – located on the west side of Rt. 1 between South Bethany and the Kings Grant
development on Little Assawoman Bay. The seine haul is made from north to south starting at
100ft north of the center of the parking lot. Substrate is sand.
Site 16. Coastal Kayak (Lat. 38.4723, Long. -75.0528) – located on the west side of Rt. 1
approximately 1 mile north of Fenwick Island city limits on Little Assawoman Bay. The seine
haul is made from north to south starting at 100ft north of the center of the beach in front of the
Kayak building. The substrate is sand.
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Table 1. Continued
Site 17. Bayville Shores (Lat. 38.4821, Long. -75.0821) - located at the end of Bayville Shores
Dr., Ocean Vista Dr and the end of Sunset Ct. in the Bayville Shores development. The site is
located to the northwest of the parking area at the end of Sunset Ct. on the confluence of
Dirickson Creek and Little Assawoman Bay. The seine haul is made from east to west starting
100ft north of the end of the access trail onto the beach. Substrate is a narrow band of sand along
the shore and mud offshore.
Site 18. Sassafras Landing (Lat. 38.4995, Long. -75.0845) – located in Assawoman Wildlife
Area at the kayak launch beach of Sassafras Landing on Miller Creek. The seine haul is made
from east to west beginning 100ft east of the launch beach. Substrate is sand.
Site 20. Strawberry Landing (Lat. 38.5012, Long. -75.0726) - located in Assawoman Wildlife
Area on the south side of Miller Creek. The seine haul is made from 30m to the west of the west
end of the bulkhead along the front of Strawberry Landing. The haul is continued for 100ft along
the shoreline. The substrate is sand.
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Table 2. Common and scientific names of fishes (Page et al. 2013) and blue crab with
months of occurrence during 2012.
Months of
Common Name

Scientific Name

Occurrence

Alewife

Alosa pseudoharengus

9

American eel

Anguilla rostrata

5-10

Atlantic croaker

Micropogonias undulatus

6, 7

Atlantic menhaden

Brevoortia tyrannus

5-9

Atlantic needlefish

Strongylura marina

6, 7

Atlantic silverside

Menidia menidia

4-11

Bay anchovy

Anchoa mitchilli

5-10

Black drum

Pogonias cromis

6-10

Black sea bass

Centropristis striata

5, 6

Blackcheek tonguefish

Symphurus plagiusa

9

Bluefish

Pomatomus saltatrix

6, 7

Bluntnose stringray

Dasyatis say

6, 8

Crevalle jack

Caranx hippos

7

Florida pompano

Trachinotus carolinus

7, 8

Grey snapper

Lutjanus griseus

8

Hogchoker

Trinectes maculates

4-7

Inland silverside

Menidia beryllina

5, 6

Largemouth bass

Micropterus salmoides

6-8

Mummichog

Fundulus heteroclitus

4-11

Naked goby

Gobiosoma bosc

4-7, 9

Northern kingfish

Menticirrhus saxatilis

7-10

Northern pipefish

Sygnathus fuscus

4-10

Northern puffer

Sphoeroides maculates

6, 8
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Table 2. Continued.

Oyster toadfish

Opsanus tau

4, 5, 7-10

Permit

Trachinotus falcatus

9

Pinfish

Lagodon rhomboides

4-10

Rainwater killifish

Lucania parva

4-7, 9, 10

Sennet

Sphraena borealis

7

Sheepshead

Archosargus probatocephalus

8

Sheepshead minnow

Cyprinodon variegatus

4-11

Silver perch

Bairdiella chrysoura

4, 7-10

Striped anchovy

Anchoa hepsetus

6, 7, 9

Striped blenny

Chasmoides bosquinus

5, 6, 8

Striped cusk-eel

Ophidion marginatum

6

Striped killifish

Fundulus majalis

4-11

Striped mullet

Mugil cephalus

6, 8, 9

Spot

Leiostomus xanthurus

4-10

Spotted hake

Urophycis regia

5

Spotfin mojarra

Eucinostomus argenteus

7-10

Striped bass

Morone saxatilis

6-9

Summer flounder

Paralichthys dentatus

4-10

Weakfish

Cynoscion regalis

7, 8

White mullet

Mugil curema

4-10

Winter flounder

Pseudopleuronectes americanus 5, 6

Blue crab

Callinectes sapidus

4-10
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