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ABSTRACT

The effects of depositing dredged material from offshore on benthic

macroinvertebrates inhabiting the swash zone and the first sandbar at

Panama City Beach, Florida, are discussed. The dredged material was

similar to existing beach material at most sites. The turbidity was

relatively low, except near the area of deposition, because alongshore

currents dispersed the turbid water.

The numbers of individuals at treated stations in the swash zone were
reduced after deposition, and five to six weeks later, populations assumed

levels comparable to untreated stations. No notable effects of deposition

were observed on fauna inhabiting the sandbar. The significant differences

in the number of species and individuals between treated and untreated

stations both before and after deposition indicated that community compo-

sition, distribution, and abundance of macroinvertebrate fauna at similar
stations (swash zone and sandbar) may differ naturally, even when the

stations are located along the same beach.



INTRODUCTION

Hurricane Eloise passed over Panama City Beach, Florida, in September

1 9 75, c au sin g ext ens i ve be a c her 0 s ion. Mo r ton (1 976), s t u d y in g the e f f e c t s

of the storm, concluded that beach erosion was mainly due to storm surge,

wave set-up, and beach scour. Wind and flood damages were considered

minimal. The sand from the beach was transported westward. Saloman and
Naughton (1977) found that the benthic fauna of the beach was minimally

affected, and that the numbers of individuals were about the same after

the storm as before. Numbers of species increased just after the storm,

but quickly returned to previous levels.

At the request of the Federal Disaster Assistance Administration, the

U.S. Army Corps of Engineers proposed a beach restoration plan to provide

emergency protection for areas most vulnerable to additional wave damage.

The proposal included the hydraul ic dredging of offshore sand to create a

9.1 m wide berm, 1.8 m above mean sea level at 23 selected sites. The
Corps of Engineers estimated that 183,492 m3 of sand would be required.

Dredging began July 1, 1976 and was concluded August 8, 1976.

Studies on the effect of deposition of sand for beach restoration on

the benthic fauna are scarce. Hayden and Dolan (1974) studied the effects
of sand deposition on Emerita talpoida in Florida, and they concluded that

the ecological impact was of short duration and involved redistribution of

f. tal po ida, rather than high mortal ity. Thompson (1973) concluded that no
long-lasting effects can be seen from depositing offshore sediments on the

beach. The objective of our study was to examine the effects of onshore
dumping of hydraul ical ly dredged offshore sand on the benthic macro-

invertebrates inhabiting the swash zone and first offshore sandbar.

STUDY AREA AND STATIONS

Panama City Beach is located along the coast of northwestern Florida
( Fig. 1). H 0 use san d mo tel s 0 c cup y mo s t 0 f the are a on and b eh in d the

dunes. Undeveloped areas with sand dunes exist at St. Andrews State Park

and at scattered points along the study areas. A sand dune backs the beach
berm with elevations of 3.9 to 4.6 m above mean sea level (Wilson 1975).

The study area extended 41.7 km from the easternmost station, which
was located in St. Andrews State Park (West Pass), to the westernmost

station, which was located 7.4 km west of Ph ill ips Inlet. The beach had an
average width of 26 m before nourishment. Two sandbars occurred parallel

to the beach,' one about 15 m and another about 245 m offshore.

Twenty-three sites received dredged material from offshore (Fig. 1).

Benthic sampl ing was conducted at three of these sites (treated stations)
and at four other sites (untreated stations). Each sampl ing site had two

stations, one in the swash zone and one on the first sandbar. The swash

zone is the beach face or the sloring surface of the beach that is covered
by the run up of water by waves (Russell 1969). The first sandbar is rarely

exposed and then only during the lowest of low tides. The untreated sites

were large beach areas backed by vegetated sand dunes. The three treated



sites were narrow eroded beaches backed by concrete seawal Is or large

bui ldings, conditions typical of almost all of the sites that received
dredged material.

METHODS

A stainless steel plug sampler that covered an area of 1/64 m2 and

penetrated to a depth of 23 em was used for collecting benthic macro-

iITvertebrates. Four plug samples were taken at each station. In a test

of sampl ing adequacy, Saloman and Naughton (1978) determined that four plu~
samples in the swash zone sampled 100% of the benthic species at three

different sites on Panama City Beach. During the study period (Apri 1 7
through December 6, 1976), 1,456 benthic samples were collected in 26

sampl ing trips. The samples were extruded into pans and seived through a

stainless steel sieve with a mesh of 0.701 mm2. The remnant portions were

stained with Rose Bengal and preserved in 10% Formal in-seawater.

In the laboratory, the samples were rinsed in fresh water. The

benthos were sorted into major taxa, placed in 70% isopropanol, and later

identified to the lowest practical taxonomic level and enumerated.

Surface water temperature, sal inity, and turbidity were recorded
during each station visit. Frequency of sampl ing for hydrology at al I

stations started on a biweekly schedule, changed to weekly from April 26
through August 30, 197~, and then expanded to a biweekly and finally a
monthly span. In addition, turbidity sampl ing only was conducted at the

three treatment sites at more frequent intervals before, during, and after

deposition. Four turbidity samples were taken during each site visit.

Temperature was measured with a mercury thermometer, sal inity with

a Goldberg refractometer-.!/, and turbidity ~\Iitha Hach laboratory turbidimeter,
mo dell 860. D a taw ere g r 0 u p e din to" b e for e

II
and

II
aft e r

II
de po sit ion per iods

in zones (swash zone and fi rst sandbar), and comparisons were made between

treated and adjacent untreated stations using the Wilcoxon's signed rank

test (Steele and Torrie 1960). The compared data consisted of the total
number of individuals, the number of species, and the number of individuals

of the most abundant species.

HYDROLOGY

From April through December 1976 water temperatures averaged 24.9°C
and ranged from 14.0 to 30.9°C. Highest temperature occurred during August
and lowest during December.

Sal inities averaged 33.5%0 and ranged from 27.8 to 35.70/00. Values
were slightly lower at the eastern portion of the study area because of
lower sal inity water issuing from St. Andrew Bay.

1/ Reference to trade names does not imply endorsement by the National

Marine Fisheries Service, NOAA.
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Average turbidity recorded during the hydrology sampl ing schedule
(Apri 1 7 through December 6, 1976) was 3.7 JTU and ranged from 0.6 to 32.0
JTU (Table 1). Turbidities collected at the three treated stations at more
frequent intervals before and after deposition ranged as high as 86.0 JTU

(Fig. 2). Turbidities increased along the beach during times of rough seas

and in the vicinity of deposition. Turbidity was higher east of each

deposition site, because the alongshore current was usually west to east.

The amount of turbidity was a result of the nature of the dredged

material. At Station T-l, near Phi 11 ips Inlet, the deposited material was
almost all clean white sand; the resulting turbidities during and immediately

after deposition ranged from 1.3 to 7.7 JTU (Fig. 2). Offshore of Station

T-2, the dredge encountered dark, muddy sediments with high organic content
and produced the highest recorded turbidity (86.0 JTU). Turbidity at

Station T-2 fell below 10 JTU 4 days after deposition, increased to 10.2

JTU 10 days after deposition, and then remained below 6.0 JTU during the
remainder of the study (Table 1, Fig. 2). At Station T-3, near the eastern

end of the study area, the deposited materials contained more white sand

and less organic material than at Station r-2. Turbidities, however,

ranged from 76.0 JTU during deposition to 8.2 JTU afterwards. A week after
deposition (August 13), turbidities fell below 8 JTU (Table 1, Fig. 2).

INDIVIDUALS AND SPECIES

During the 9-month study period, 1,456 benthic samples from both the

swash zone and the first sandbar contained 19,524 individuals belonging to

79 s pe c i e s .

Swash Zone

Forty-four species consisting of 7,879 individuals were taken from the

swash zone. Three species (Scolelepis squamata, 62.4%; Haustorius sp.,

16.5%; and Emerita talpoida, 10.6%) comprised 89.5% of the individuals
(Table 2). Polychaetes were the most abundant (5,079 individuals) and
amphipods the most diverse (10 species). Species represented by only one

or two individuals accounted for 57% of the species and 0.4% of the

individuals.

The average number of individuals per m2 for each sampl ing period
varied from 130 to 2,135 (Table 2). The average number of individuals per
m2 during the entire sampl ing period was 693. Numbers of individuals were

higher during the spring and gradually decreased toward the fall. The

decrease was principally due to the lower numbers of S. squamata and

Haustorius sp. in the fall (Table 2).

Sandbar

Seventy species consisting of 11,645 individuals were taken from the
first sandbar. Four species (Paraonis fulgens, 34.7%; Haustorius sp.,
34.1%; Donax texasianus, 7.5%; and S. squamata, 5.5%) comprised 81.8% of
the catch (Table 3). Polychaetes w;re the most numerous (5,193 individuals)
and .diverse (16 species). Amphipods were second with 4,293 individuals and
14 species.
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Average numbers of individuals per m2 fluctuated during the sampl ing

period with peaks of abundance occurring during June and mid-August. The
increases were principally due to larger numbers of Haustorius sp. in June

and P. fulgens during mid-August (Table 3). The average number of ih~i~id-

uals per m2 for each sampl ing period varied from 427 to 1,829 (Table 3).

The average number of individuals per m2 during the entire sampl ingperiod

was 1,024 individuals.

EFFECTS OF DEPOSITION

The effects of depositing offshore sand upon the beach on the abundance
and species composition of benthic organisms of the swash and sand bar zones

were evaluated. Within each zone, the number of individuals, number of

species, and total numbers of the most abundant species at treated areas

were compared with untreated areas, both before and after deposition.

Swash Zone

In the pre-deposition period, one comparison out of six was statistically

significant when the numbers of individuals at treated and untreated stations

were compared. Numbers of individuals were more abundant at Station UT-l

than at Station T-l on 10 of 11 sampl ing dates (Fig. 3).

After deposition, total numbers of individuals were generally lower at

the treated stations for 5 to 6 weeks, but thereafter, the numbers were

similar among treated and untreated stations. The only observed significant

difference was between Stations T-2 and UT-3. Numbers of individuals

at Station T-2 were lower than at Station UT-3 on 11 of 12 sampl ing dates
(Fig. 3).

Before deposition the number of species and individuals at treated and
untreated stations indicated a similar trend. In 8 of 41 comparisons, the

numbers of individuals were highe~ at the treated stations. In 10 of 41

comparisons, the numbers of species were higher at the treated station.

Before deposition, only one significant difference in numbers of species

between stations was observed; the number of species at Station T-3 was

greater than at Station UT-4 (Fig. 3).

After deposition, similar trends in comparisons of number of species

and number of individuals were also evident. Comparisons of treated and

untreated stations indicated that in 7 or 37 comparisons, the numbers of
individuals and species were higher at the treated stations. After depo-

sition, the numbers of species at Station T-l were significantly greater

than at Station UT-2 but, conversely, the numbers at Station UT-3 were
significantlv greater than at Station T-2 (Fig. 3).

To examine further the effects of beach restoration on the benthic

fauna of the swash zone, the abundances of the three most prevalent species

(~. squamata, Haustorius sp., and~. talpoida) were studied. The effect of
deposition was different among the three species. Tests indicated that

deposition of sand had an effect on the abundance of S. squamata as four of

the six post-deposition comparisons were significantly different. In the
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four comparisons, numbers of S. squamata were higher at untreated stations

than at treated stations (Fig~ 4). In one of the four comparisons, a
significant difference was present during both before and after deposition

periods, because numbers of individuals at Station UT-l were higher 0, equal

to numbers of individuals at Station T-l on 25 of 26 sampl ing dates (Fig. 4).
The differences in the numbers of S. squamata in this instance are not

attributed to deposition, because the differences in numbers of S. squamata

between Station UT-l and Station T-l were present throughout the-study period.

Haustorius sp. was also affected by deposition. Before deposition,

no significant differences were found in the number of individuals when

the treated and untreated stations were compared. In the post deposition

period, two of six comparisons showed significant differences (Table 4).

In both comparisons, the numbers of individuals were higher at the untreated

stations.

Deposition of sand apparently had no effect on E. talpoida, because

significant differences in the number of individuals-before and after

dredging were not observed (Table 4).
.

Sandbar

Before deposition, two comparisons out of six showed significant

differences when the numbers of individuals at treated and untreated

stations were compared. In both comparisons, numbers of individuals were

more abundant at the treated stations than at the untreated stations
(Fig. 5). After deposition, only one difference was statistically

significant. The number of individuals at Station T-4 was the same or

more abundant that at Station UT-5 .on 12 of 15 sampl ing dates. During

August 16-23, a distinct increase in the number of individuals occurred
at the treated stations (Fig. 5). This was due mainly to increases of

P. fulgens.

Before deposition, only one significant difference in the number of

species between treated and untreated stations was observed. The number

of species at Station T-6 was significantly greater than at Station UT-8
(Fig. 5). After deposition, significant differences were not found between

treated and untreated stations.

The most abundant species on the first sandbar were P. fulgens,

Haus tor ius sp., and Q. texas ianus (Tab 1e 3).

Before deposition two significant differences were found between
stations for P. fulgens. Numbers of individuals were higher at Station
T-4 than at Station UT-5 on 8 of 11 sampling dates. Conversely, the
numbers of individuals were higher or the same at Station UT-6 than at
Station T-5 on all sampl ing dates (Fig. 6).

After deposition, only one comparison was significantly different.
The number of individuals of P. fulgens was higher or the same at Station

T-4 than at Station UT-5 on 13 of 15 sampling dates (Fig. 6).
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Before deposition, four differences were significant when the numbers

of individuals of Haustorius sp. at treated and untreated stations were

compared. At three of these (T-5 vs. UT-6, T-5 vs. UT-7, and T-6 vs. UT-8),

the number of individuals was more abundant at the treated station th~n at

the untreated station (Fig. 7).

Tests indicated that deposition probably had no effect on Haustorius sp.

In the one comparison that was significantly different (Station T-6 vs.

Station UT-8) , the number of individuals was higher at Station T-6 than at

Station UT-8 on 7 of 10 sampl ing dates (Fig. 7). A significant difference

was also present before deposition, as the number of individuals was higher

at Station T-6 than at Station UT-8 on 12 of 16 sampl ing dates (Fig. 7).

Before deposition there were three significant differences concerning

Q. texasianus and zero significant differences after deposition (Table 5).

In all these comparisons, numbers of individuals were higher at the treated

stations than at the untreated stations. After deposition, the number

of individuals in one of "the three comparisons (UT-6 vs. T~4) was higher at

the untreated station~
~

CONCLUSIONS

Depositing offshore sand on Panama City Beach had minor, short-term

effects on the benthic macroinvertebrates. In the swash zone, a decrease

in the number of species and individuals occurred for a 5-6 week period
after deposition at the treated stations. After the 5-6 week period,

populations appeared to stabil ize and significant differences between

treated and untreated stations were lacking.

The fi rst offshore sandbar contained a higher number of species and

individuals than in the swash zone throughout the study period. The effect
of dredged material upon the shore had practically no effect on the benthic

macroinvertebrates inhabiting the first sandbar.

In both sampl ing areas (swash zone and sandbar) more significant

differences between the number of species, individuals, and certain species

occurred between stations (treated vs. untreated) before deposition than

afterwards. This indicates that community composition and distribution and

abundance of macroinvertebrate fauna at similar stations (swash zone, sand-
bar) are highly variable, even when they occur along the same beach.

Because of this variation, adverse effects of deposition on the benthic

macroinvertebrates were not discernible, if, indeed, they existed at all.

The deposited material was observed to be similar to existing beach
material at most sites. Turbidity was relatively low except when areas of
organic mud and wood fibers were dredged and deposited on the beach. Along-

shore currents carried turbid and discolored water generally from west to

east, causing it to spread along the shore. The duration of turbid water at

a particular site was principally governed by the duration of the depositing
process, which occurred at 23 sites in a period of one month. Therefore,

deposition duration at anyone site averaged sl ightly more than 9ne day.

Heavy seas also increased turbidity by resuspending the fine sediments

into the water.
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The restoration of beaches by pumping dredged material from offshore

sources onto eroding beaches is becoming a common practice along the coast-

1ine. In many cases, it is a temporary procedure to rectify temporari ly

existing erosion. It is evident from this study that the depositing-of

dredged material had only a short and minimal effect on the benthic macro-

invertebrates in the swash zone and first sandbar. The results support the

conclusion by Thompson (1973) that no harmful effects are evident from the
depositing of offshore sediments on a beach, provided that the sediments
are similar to those where they are placed.

ACKNOWLEDGMENT

We thank W. N. Lindall, Jr., and J. L. Simon for reviewing the
ma nus c rip t .

LITERATURE CITED

HAYDEN, B., and R. DOLAN. 1974. Impact of beach nourishmenton
of Emerita talpoida, the common mole crab. Jour. Waterways
and Coastal Engineering Div. Proceedings of the Am. Society
Eng., Vol. 100, No. WW2: 123-132.

distribution

Harbor
of C i vi 1

MORTON, R.A. 1976. Effects of Hurricane Eloise on beach and coastal
structures, Florida panhandle. Geology 4(5) :277-280.

RUSSELL, R.J. 1969. Glossary of terms used in fluvical, deltaic, and
coastal morphology and processes. Louisiana State University Studies,
Coastal Studies Series No. 23, 97 p.

SALOMAN, C.H., and S.P. NAUGHTON. 1977. Effect of Hurricane Eloise on
the benthic fauna of Panama City Beach, Florida. Marine Biology (42):
357-363.

SALOMAN, C.H., and S.P. NAUGHTON. 1978. Benthic macroinvertebrates
inhabiting the swash zone of Panama City Beach, Florida. Northeast
Gulf Sci. (2):65-72.

STEELE, R.G.D., and J.H. TORRIE. 1960. Principles and Procedures of
Statistics. McGraw-Hi 11 Book Co., Inc., New York, 481 p.

THOMPSON, J.R. 1973. Ecological effects of offshore dredging and beach
nourishment: A review, U.S. Army Corps of Engineers, Coastal
Engineering Research Center, Misc. Pap. No. 1-73, 39 p.

WILSON, D. 1975. A feasibi1 ity report for beach erosion control and
hurricane protection, Panama City beaches, Florida. U.S. Army Corps
of Engineers Mobile District, 16 p + appendices.

7



STATIONS
Date UT-1 T-1 UT-2 T-2 UT-3 T-3 UT-4

1976 JTU JTU JTU JTU JTU JTU JTU

4-7 1.4 1.3 2.8 2.1 2. 1 1.8 1.3
4-26 2.4 1.5 4.8 2.2 5.3 5.8 4.7
5-3 1.9 1.5 1.4 1.3 2.1 1.8 2.0
5-10 1.3 2.2 1.8 1.9 1.3 2.1 0.9
5-17 3.1 3.7 2.2 5.7 2.2 1.5 1.9 }

5-24 14.0 13.3 9.5 11.4 11.3 18.9 16.0
}6-1 4.9 5.3 4.2 4.4 1.8 2.0 1.7

6-7 1.2 0.6 0.8 1.2 1.1 1.0 1.3
6-15 1.4 1.3 0.7 1.7 1.1 1.8 1.3
6-21 1.2 0.8 0.8 1.2 1.7 1.0 0.6
6-28 1.0 1.5 0.9 0.8 0.8 1.0 1.2
7-6 1.3 2.7 2.3 5.7 1.9 1.4 0.6
7-12 2.4 2.7 2.1 26.2 6.4 2.0 1.8

7-19 1.7 3.9 1.2 2.4 2.9 3.4 3.6
7-26 1.5 1.6 1.3 20.5 1.8 1.2 1.5
8-2 1.7 3.1 3.0 10.2 23.7 20.5 9.3
8-9 1.8 2.3 2.1 3.0 1.7 32.0 10.4
8-16 2.7 1.3 1.7 3.2 2.7 5.0 1.8

8-23 2.2 3.7 2.6 2.9 3.7 7.0 8.2

8-30 2.7 2.3 3.3 5.7 2.0 2.8 1.4

9-13 2.5 2.5 3.7 4.3 3.3 2.9 2.1

9-27 4.0 7.0 4.0 4.4 2.7 2.3 2.8
1 0- 1 2 2.9 1.8 2.3 3.8 2.2 6.4 1.8

10-26 2.9 2.5 3.1 5.2 6.3 7.8 7.0
11-8 1.4 1.6 1.5 1.8 6.6 6.8 7.4

I

12-6 3.4 2.2 2.0 3.0 1.9 3.1 2.6 }

2.8
)

Average 2.6 2.5 5.2 3.9 5.5 3.7

Table 1. Turbidity values at seven stations located in the swash zone of

Panama City Beach, Florida. The sol id 1ines separate the periods

before and after de~osition at the three treated stations.
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Table 4. Comparisons of the numbers of Haustorius sp.,

and Emerita talpoida in treated and untreated stations

in the swash zone using Wilcoxon's Signed Rank Test
(n = number of observations and T - Wilcoxon's T value).

Stations Before deposition . After deposition

Haustorius sp~

UT-1 vs T-1

UT-2 vs T-1

UT-2 vs T-2

UT-3 vs T-2

UT-3 vs T-3
UT-4 vs T-3

n
10
8
12
13
15
14

T
18.0
13.0
14.0
43.5
56.5
39.0

n
13
12
7
7
4
7

T
35,,0

39.0
1.5*

O'i,~',

3.0

4.0

Emerita talpoida

UT-1 vs T-1

UT-2 vs T-1

UT-2 vs T-2

UT-3 vs T-2

UT-3 vs T-3
UT-4 vs T-3

6
9
12
11
13
12

6.0
15.0
26.0
30.5
37.5
34.0

15
12
12
11

9
10

38.5
18.0
33.0
31.5
16.5
24.5

i';' Significant at 0.05%

Significant at 0.01%i',,1.;,
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Table 5. Comparisons of the numbers of Donax texasianus in

treated and untreated stations on the fi rst sandbar
using Wilcoxon's Signed Rank Test (n = number of observations
and T - Wilcoxon's T value).

Stations Before deposition After deposition

Donax texasianus

C-5 vs T-4
c-6 vs T-4

c-6 vs T-5

C-7 vs T-5

C-7 vs T-6
c-8 vs T-6

n
10
11

13
14
12
14

T
23.5
10.5'"
10.0,',

18.5'"
36.0

21.5

n T
12.0
17.0
9.0
25.0
5.5
14.0

9
8
10
10
7
8

...,',Significant at 0.05%

Significant at 0.01%i'~"';J,

13
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Figure 2. Turbidities at Stations T-1, T-2, and T-3 before, during, and
after deposition.
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