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ABSTRACT

Large areas of irregularly flooded North Carclina salt marsh dominated by

needlerush (Juncus roemerianus) have been ditched in an attempt to control

mosquito breeding. A comparative study of ditched and unditched marshes at
three locations in Carteret Co., N. C., was carried out to determine the extent
of ecological changes.

The ditches increase the area of aquatic habitat in the marshes by a factor
of about 5. They are inhabited by large numbers of juvenile fishes, crabs, and
shrimp, especially during late winter, spring, and early summer. They thereby
increase the amount of nursery ground for fish and crustaceans, including some
of commercial and sports interest. Animal variety in ditches was low, perhaps
because of fluctuating salinity regimes. Oysters planted in the ditches did not
grow well; many did not survive because of silting. Tt is unlikely that oysters
or shrimp could be cultured successfully on a commercial basis in the ditches.

Recording tide guage data collected for 20 months showed that marshes are
flooded 10-28% of the time. Fiddler crabs were present on all marshes. During
flood tides fishes occur on both ditched and unditched marshes, occasionally in
large numbers. Except for the direct effects of the spoil which was piled on
top of the marsh during ditching, there were not large changes evident in the

density and growth of Juncus. Brushy vegetation, especially Baccharis and Iva,

has invaded many of the spoil piles and in some cases grown up along the ditches.
This invasion by brushy species has continued during the two year study. Failure
of vegetation to significantly cover many spoil piles even after eight years, and
continuing erosion of spoil piles to form water-retaining levees along ditches

is cause for concern.
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SUMMARY AND CONCLUSIONS

Irregularly flooded coastal marshes of North Carolina usually are dominated

by Juncus roemerianus. These marshes are drained by small tidal creeks, and in

many places by man-made mosquito-control ditches which contain water and aquatic
organisms even at low tide. Mosquito control ditches in large flat expanses of
Juncus marsh occupied about 6% of the marshes studied and the spoil piles occupied
about 117%.

Ditches increased the area of aquatic habitat of the marsh by about 500%. The
fauna of the ditches resembled that of the small tidal creeks. Menhaden spot,
mullet, blue‘crabs, and brown shrimp were the most abundant fishes and crustaceans
of commercial interest. Mummichogs, bay anchovies, silversides, pinfish, and grass
shrimp were also abundant in the ditches; these non-commercial species provide
food for larger animals. Ditches had more spot and brown shrimp than did creeks
in summer, but the creeks had more mummichogs, mullet, and grass shrimp during
December - February. Ditches have vertical sides and no intertidal Spartina

alterniflora or Juncus such as occurs along natural creeks. Thus fishes and

crustaceans may not have as much food and protection in the ditches as in the
creeks during winter. Salinities in the ditches, creeks, and estuaries fluctuate
considerably and may account for the limited variety of animals present.

Mosquito control ditches did not appear to be promising locations for oyster
culture because of adverse salinity and silt regimes, and because the limited tidal
fluxes of summer may not provide enocugh food or oxygen.

Data from recording tide guages maintained for 20 months at the two study
sites showed that Juncus marshes at North River were flooded 363 times during
the period and 9.2% of the time; marshes at Williston were flooded 532 times and
28% of the time. These marsh floodings afford ample opportunity for nutrient

exchanges to occur between the marsh and estuary. About 307 of the particulate




phosphate present in water pumped onto a Juncus marsh was removed before the
water reentered the ditch, perhaps because of physical entrapment on the
marsh surface or on Juncus leaves.

Juncus was the dominant plant in the study area and aerial surveys in-
dicated that it dominated most ditched marshes in North Carolina. Ditches have
had little apparent effect on the extensive stands of Juncus between the rows
of spoil piles. Ditchside live Juncus often had a higher standing crop than
ditched or unditched marsh, but the standing crop of dying and dead ditchside
Juncus was usually less. Significant amounts of Distichlis were present in the
ditchside marsh at North River and quantities of Borrichia grew in ditchside
marshes at Williston.

Juncus marshes were little affected by tropical storms and mild hurricanes;
the vast areas of tall, resilient leaves probably provide protection for adjacent
inland areas. Approximately 270 g/m2 of Juncus were removed from the marsh at
North River-East by one tropical storm, but a second storm with hurricane force
winds had no discernible effect. Innundations by lunar tides, wind tides, storms
or combinations of these causes probably remove larger amounts of small detritus
particles, filamentous algae, and soluble substances than of large Juncus frag-
ments.

Vegetation covered 62% and 64% of spoil pile surfaces at North River and
Williston, respectively, with a range of 5-100% coverage on individual piles.

In spite of the vegetation, spoil piles at North River and Williston eroded to
produce a levee that retained water after rain fall or ebbing tides. The long-
term effect of this water retention on Juncus is not clear, but some Juncus
dieback seemed to be occurring in several areas. Other small areas of dead Juncus
were found behind spoil piles. This dead Juncus may provide conditions for

development of shallow depressions in the ditched marshes that will hold enough

water to permit mosquito breeding. Invasion of marsh perimeters by brushy




species, especially Baccharis and Iva, is occurring in some marshes, but

determination of the rate of invasion would require long-term research.

Juncus marshes are utilized by numbers of marine animals. Fishes and
fiddler crabs were present in both ditched and unditched marshes, and on one
occasion tremendous schools of mummichogs were present in the Williston
marshes.

Marshlands are moving inland as sea level continues to rise and, as a
result, any beneficial entomological effects of ditches may be negated. Ditches
in silty soil at Newport River show ditches deteriorate rapidly in less than
10 years. Boating in mosquito control ditches stirs up silt, contributes to
bank erosion, liberates toxic hydrogen sulfide, and may lower dissolved oxygen

concentrations.
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RECOMMENDATIONS

A moritorium on ditching of all North Carolina salt marshes should be
established. This moritorium should remain in effect until (a) ditching
for mosquito abatement is clearly demonstrated to be effective and
economically worth-while, and (b) there is satisfactory demonstration that
estuarine fish and shellfish populations are not harmed by lowered salin-
ities and increased silt resulting from more rapid run-off of water from
marshes and higher ground. The burden of proof of the value of ditches
for mosquito control and the lack of any significant adverse ecological
effects should fall upon the agencies which will support or perform the
ditching operations.

If substantial scientific investigations show that ditching generally

provides real reduction of mosquito populations at reasonable cost, the

following recommendations should be implemented:

A. An environmental impact statement should be prepared for each ditching
project. This impact statement should be based upon prior ecological,
entomological, and hydrologic studies in the very tract to be ditched.
Tracts of Juncus marsh differ markedly in many ways, even within the
same county, and casual observations or studies carried out on an
irregular basis may be grossly misleading. This recommendation is
specifically aimed at denial of state-wide or county-wide blanket
approval of ditching programs.

B. Prior approval from state and federal agencies should be obtained for
each project. They should receive copies of the environmental impact
statement and be requested to indicate their approval of ditching in
each tract. Approval should be sought from: State Department of

Conservation and Development, State Board of Health, State Department of
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Water and Air Resources, State Wildlife Resources Commission,
National Marine Fisheries Service, Bureau of Sports Fisheries
and Wildlife, Environmental Protection Agency, Army Corps of
Engineers, and the Soil Conservation Service. ' The large number
of agencies to be contacted reflects the complexity of the

ecological questions involved.

If approval is given to ditching of a certain tract of marshland, the

following recommendations are made:

A,

Ditching should be considered to be experimental for the next five
years. Specifically, the ecological and entomological studies should
be continued after the ditching to clearly establish the differences
which result.

Ditching should be conducted so as to cover the minimum area necessary
to reduce mosquito breeding. Parallel ditching of huge tracts might
be replaced by a single perimeter ditch with laterals extending

only to low areas known to contain stagnant water.

Ditches should be narrow, no more than 5 feet wide. Narrow ditches
will result in smaller amounts of spoil and thereby tend to avoid
formation of levees along the ditches and their resultant impounding
effects. Placement of spoil should be carefully done to avoid forming
such levees. Narrow ditches will also discourage motor boats from
entering. Boats should be excluded from ditches because they stir up
sediments from the bottom and thereby increase the amount of silting
of oyster beds. Sediment disturbance also releases toxic hydrogen
sulfide which may injure animals in the creeks and ditches. Finally,

boating in ditches will tend to cause erosion of the ditch walls and

hasten their destruction.




D. Where possible, ditches should drain into small tidal creeks near
their mouths rather than their headwaters. This would help reduce
the effect of freshwater drainage and silt on fish, shrimp, and
oysters in the creeks, permitting them a refuge in the upper reaches
of the creeks.

E. Mosquito control ditches should not be connected to roadside ditches,
farm drainage ditches, or swampland drainage ditches. Mosquito con-
trol ditches should not be justified on the basis of upland drainage.

Ecological studies should be repeated five years from now in the same

marsh areas investigated for this report. Such studies would permit a

detailed evaluation of the rate of change in vegetation and in the

inhabitants of the ditches over a long period.




INTRODUCTION

The estuaries of North Carolina and many other coastal states have large,
flat expenses of wetlands dominated by grasses or rushes. The marshes near mean
sea level are regularly flooded by seawater or brackish water; they produce lush

growths of the smooth cordgrass, Spartina alterniflora (see Tables 1 and 2 for

nomenclature of plants and animals). The slightly higher marshes, just above
mean lunar high tide, are flooded by spring lunar tides and wind tides. They

consist of an almost unbroken stand of needlerush, Juncus roemerianus. North

Carolina has about 58,400 acres (23,600 ha.) of regularly flooded, and about
100,450 acres (40,700 ha.) of irregularly flooded (Juncus) salt marshes (Wilson,
1962). These two kinds of salt marshes are credited with production of a large
amount of food for estuarine animals, including many species of fishes and shell-
fishes of commercial- and sports~ fishing interest (Odum, 1961). These marshes
provide habitat for a variety of important wild birds and mammals. They con-
stitute beautiful panoramic vistas. They are an integral part of the entire
physical, chemical, geological, and biological system which constitutes our
estuarine complex. Direct usage by man has generally been small because of
periodic inundation by salt water.

These marsh lands provide habitats for larval mosquitos when temporary pools
remain after rain or tidal flooding. The North Carolina State Board of Health has
been supporting programs in coastal counties to ditch Juncus marshes and thereby
provide direct and sub-surface drainage of water after inundation and prevent
mosquito larvae from developing. About 23,000 acres were ditched between 1954
and 1967 (Burdick, 1967) and large areas were ditched before 1954 and since 1967.
Other ecological effects of ditching are not understoocd and many questions have
been raised concerning the role of these ditches in the estuarine ecosystem.

Unfortunately in North Carolina no substantial research efforts have been published




Table 1. Plants of dirregularly-flooded marshes. Scientific names after
Radford, Ahles, and Bell (1968).

1. Dominant

Juncus roemerianus Scheele Needle Rush

2. Common

Distichlis spicata (L.) Greene Salt Grass

Spartina patens (Aiton) Muhl. Saltmeadow Cordgrass
3. Others

Pinus taeda L. Loblolly Pine

Spartina alterniflora Loisel Smooth Cordgrass

Spartina cynosuroides (L.) Roth.

Andropogon virginicus L. Broom Sedge
Eleocharis sp. Spike Rush
Salicornia sp. Glasswort

Iva frutescens L. Marsh Elder

Eupatorium serotinum Michaux

Baccharis halimifolia L. Groundsel-tree
Solidago stricta Aiton Goldenrod
Solidago tenuifolia Pursh. Goldenrod
Borrichia frutescens (L.) DC. Sea Ox-eye




Table 2. Animals of ditches, creeks, and tidal river.
of fishes after American Fisheries Society, Special Publication

No. 6 (3rd ed.) 1970.

Scientific name

Common name

Elops saurus (Linnaeus)

Anguilla rostrata (Lesueur)

Brevoortia tyrannus (Latrobe)

Anchoa mitchilli (Valenciennes)

Urophycis regius (Walbaum)

~
Cyprinodon variegatus Lacépede

Synodus foetans (Linnaeus)

Opsanus tau (Linnaeus)

Strongylura marina (Walbaum)

Fundulus heteroclitus (Linnaeus)

Fundulus luciae (Baird)

Fundulus majalis (Walbaum)

Lucania parva (Baird)

Gambusia affinis (Baird and Girard)

Menidia spp.

Syngnathus spp.

Pomatomus saltatrix (Linnaeus)

Caranx latus (Agassiz)

Selene vomer (Linnaeus)

Lutjanus analis (Cuvier)

Lutjanus griseus (Linnaeus)

Eucinostomus spp.

Orthopristis chrysoptera (Linnaeus)

Ladyfish

American eel
Atlantic menhaden
Bay anchovy
Spotted hake
Sheepshead minnow
Inshore lizardfish
Oyster toadfish
Atlantic needlefish
Mummichog

Spotfin killifish
Striped killifish
Rainwater killifish
Mosquitofish
Silversides
Pipefish

Bluefish

Horse-eye jack
Lookdown

Mutton snapper
Gray snapper
Mojarra

Pigfish

Scientific names



Table 2. (Cont.)

Archosargus probatocephalus (Walbaum)

Lagodon rhomboides (Linnaeus)

Bairdiella chrysura (Lacépéde)

Cynoscion nebulosus (Cuvier)

Cynoscion regalis (Bloch and Schneider)

, PR
Leiostomus xanthurus Lacepede

Micropogon undulatus (Linnaeus)

Chaetodipterus faber (Broussonet)

Mugil spp.

Blenniidae
Gobiidae

Trichiurus lepturus Linnaeus

Citharichthys macrops Dresel

Paralichthys spp.

Symphurus plagiusa (Linnaeus)

Callinectes sapidus Rathbun

Penaeus duorarum Burkenroad

P. aztecus Ives

P. setiferus (Linnaeus)

Palaemonetes pugio Holthuis

Libinia sp.
Alpheidae

Illyanassa obsoleta (Say)

Melampus bidentatus Say

Modiolus demissus Dillwyn

Sheepshead

Pinfish

Silver perch
Spotted seatrout
Weakfish

Spot

Atlantic croaker
Atlantic spadefish
Mullets

Blennies

Gobies

Atlantic cutlassfish
Spotted whiff
Flounders
Blackcheek tonguefish
Blue crab

Pink shrimp

Brown shrimp

White shrimp

Grass shrimp
Spider crab
Snapping shrimp
Mud snail

Coffee bean snail

Ribbed mussel
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on the effectiveness of ditches for mosquito abatement nor of the ecological
consequences in North Carolina.

Juncus marshes occur from Maryland to Texas (Gleason and Cronquist 1963),
but in spite of the large areas which they cover, have been studied less than

Spartina alterniflora salt marshes. Bourn and Cottam (1950) considered some

of the biological effects of ditching Spartina marshes. They found much plant
succession and reduced animal populations as a result of ditching. Reimold

(1969), working in Spartina alterniflora marshes in Delaware, found less dis-

solved phosphorus in mosquito control ditches than in natural creeks. His

data suggested that ditches alter normal seasonal variations in concentration
of dissolved phosphorus. Stalter (1968) used a recording tide guage referred
to marsh vegetation to predict that Juncus marshes at his study site in South
Carolina would be flooded an average of one hour per day. The length of time
the tide guage operated and the time of year was not given. Waits (1967) found
the average high tide for one year at Bodie Island, North Carolina was 1.20 ft.
above mean sea level whereas the relatively pure stands of Juncus in that area
were 1.62 ft. above mean sea level. Unfortunately averaging maximum daily tidal
amplitudes over a long period of time obscures seasonal differences in tidal
amplitude and provides no data on duration of innundation. Kurtz and Wagner

(1957) studied Juncus and Spartina salt marshes in Florida and South Carolina

and found that a rise in sea level is causing each coastal plant community to
move landward. From their transect data and studies of tide tables they pre-
dicted that the flat expenses of Juncus marsh would be flooded approximately 81
times per year. Their data also indicated that the Juncus marshes were not
aggrading as fast as the sea level is rising. More recent data (Mead and Emory,
1971) shows that sea level along the entire Atlantic Coast continues to rise and

that for the area between Cape Cod and Cape Hatteras, this rise for the last 40
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years has averaged about 0.35 m per hundred years. Davis and Gray (1956)
described Juncus marshes and the varied insect populations along the brackish
water estuaries of North Caroclina. Adams (1963) discussed factors affecting
the distribution of marsh communities in Worth Carolina. Juncus marshes are
highly productive. The values of leaf production in North Carolina range from
560 ~ 1361 g/mz/yr (2.5 - 6.0 tons/acre/yr) (Foster, 1968; Stroud and Cooper,
1968; Waits, 1967; Williams and Murdoch, 1972). Although these values are less

than production rates of Spartina alterniflora marshes in Georgia (Teal, 1962),

the amounts of energy fixed are higher than many other terrestrial systems.
Williams and Murdoch (1968) observed that most of the dead Juncus at Beaufort,
N. C. appeared to be decayed in situ by fungi or stored as peaty material and
suggested that the productivity of Juncus marshes is probably not important to
the nutrition of estuarine organisms. Apparently neither Waits nor any previous
investigator collected conclusive data regarding nutrient exchange between
Juncus marsh and the estuary, although Waits did suggest that the most significant
nutrient exchange would occur when the Juncus is flooded by spring tides or wind
tides. Byron (1968) studied nutrient levels during the ebb and flood tides at a
tidal creek which drains a Juncus marsh at Beaufort, N. C. and concluded that
41% of the nitrogen entering the Juncus marsh, via the tidal creek, was not re-
turned to the estuary. Byron, however, sampled the ebbtide flow of the creek
and following floodtide and could not be sure that the observed changes in nutrient
concentration resulted from interaction with Juncus marsh. He also provided no
data as to the extent or depth of marsh inundation during the flood tides previous
to his ebbtide sampling periods.

Previous studies of fish and invertebrate populations in ditches of Juncus
marshes have not, to our knowledge, been published, although there is an abundant

literature regarding fishes and invertebrates in estuarine environments. Among

12




the more useful ichthyological papers are those by Anderson (1957), Anderson
(1962), Bayliff (1950), De Sylva, Kalber, and Schuster (1962), Guqter and
Hall (1965), Harrington and Harrington (1961), Kilby (1955), Lewis, et al.
(1971), Reid (1954), Smith (1971), Tagatz and Dudley (1961), and Zilberberg
(1966).

The main objectives of our study were to evaluate changes in the marsh
ecosystems of coastal North Carolina, especially Carteret County, as a result
of ditching. The specific objectives were:

1. To determine the increment by which ditches increase the total creek
type (aquatic) habitat of an estuary and to measure the amount of marsh altered
by ditches and spoil piles.

2. To describe the populations occupying the ditches and to determine if

the ditches are used by significant quantities of commercially valuable species.

3. To assess the acquacultural potentials of ditches.

4, To measure changes in the plant community structure caused by ditches;
primary emphasis was placed on almost pure stands of Juncus.

5. To determine the magnitude and direction of nutrient flux between

Juncus marsh and the nearby estuary during periods of inundation.

13



METHODS

Study areas

Three areas of Juncus marsh were studied. The first, North River-West,
on the western shore of North River between Crabbing Creek and North Creek
consisted of a 151 acre area ditched in 1968, and a smaller tract of unditched
marsh (Figs. 1, 2). Twenty-three parallel ditches about 50 m apart extended
from a perimeter ditch near the wooded high ground to the river. The ditches
were numbered from No. 1 on the south to No. 23 which intersected North Creek.
The areas between ditches were designated as numbered sections, Section 1 being
the area between Ditches No. 1 and 2.

The second area, North River-East, on the east side of North River and
3200 meters upstream (N) of North River-West was comprised of contiguous ditched
(1969) and unditched marshes (Fig. 3). This is the southernmost ditch of a
series that extend up North River. This ditch was terminated before reaching the
river, consequently to visit this site by boat one must travel via the second
ditch and the perimeter ditch. These ditches are approximaﬁely 3 meters wide
and therefore readily accessible by small boats.

The third study area was a 173 acre tract of ditched (1965) marsh between
the village of Williston and Smyrna Creek on the north shore of Jarrett Bay
(Fig. 4). Twenty-six parallel ditches extended south from an old causeway ditch
that transected the marsh. The ditches were numbered from No. 1 on the eastto

No. 26 on the west which terminated in the perimeter ditch that bordered the west

end of the tract.

Areas of ditches and spoil piles

At the North River-West tract, widths of the ditches and the diameters
of the piles of earth (spoil piles) deposited by the dragline alongside the

ditches were measured. One ditch was picked at random from each of the first
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niflora, with some Distichlis.

2

Aerial photograph of ditched and unditched marsh at North River-West.
The light colored area of the top right was primarily Spartina Alter-
The tide guage is 15 spoil piles from

bottom of figure. Also visible are the creek station, vehicle tracks,
and cycloidal-shaped dead spots.
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five ditches, the middle 5 ditches and the last 5 ditches, - Thus, ditches 4,

11, and 21 were selected. Beginning'at the inside eh&é of the ditches and at the
2nd spoil pile.from the cornér on the south side of the ditch, every 10th spoiil
pile was sele;ted.~ Concurrently the nearest spoil piie on the north side of the
ditch was measured.' On each of 39 spdil piles the radius was measured at &
points 90° apart. At thesé locations where pairs of spoil piles were measured,
the ditch widths and depths were measured and the amount of silt in the bottom
of the ditch was determined. Atvthe Williston tract,ditches 6, 17 and 23 were
selected and surveys began at Jarrett's Bay,

The ditch lengths, the total number of spoil piles along the ditches, and
the total area of marsh in the ditched area were determined from 1971 scale
accuracy aerial pﬁotographé obtained from the Agricultural Soil Conservation
Service. A compeﬁsating’polar planimeter was used to determiﬁe‘the'tétél area
of the ditched marsh. The total ditched area of the North Rivef;West'ﬁarsh
site was bounded on the south by a line along the south side of the spoil piles
of Ditch dne, the line extending from the junction of the perimeter ditch to the
river (Fig. 1).( The north-bogndary was the north shéreline of North Creek. The
portions of ditches 1, 2, 8, and 14 outside the boundary of the perimeter ditch
and entering the woods or high ground were omitted from consideration. Lateral
ditches extenaing northward from pitch 3, northward from Ditch 23,and ditch
systems extending southward from North Creek were included. North Creek was
consideredkto be the pre-existing natural drainage (water area) for the ditched

marsh.

Tide records

Recording tide gauges were installed at Ditch 1 at the North River-West site
and at Ditch 3 at Williston (Fig. 1, 4, 5). Pilings (18‘ x 6") were jetted

to 8 feet below the level of the ditch bottom. - The stilling chambers, constructed
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of 1" x 12" x 10' planks, had a closed bottom and rested on the ditch bottom.

Tide staffs were attached to the stilling chambers. Temporary bench marks of gal-
vanized pipe were driven 2 m into the marsh., Marsh level was considered to be the
average soil elevation at points approximately 15 meters on each side of the ditch.
A Gurley-Nikon automatic level, model BP, and a level rod were used to refer

the tide staff to both the bench mark and the soil levels in the marsh. The tide
staff was used to check the accuracy of the level recorder at the beginning and
end of each record. Periodically the level of the tide station was re-referenced
to the bench mark. ©No detectable vertical movement occurred. Observations were
also made in the marshes to verify that the marsh was actually being flooded.
Ditch one at North River was occasionlly dry on extremely low tides, however

Ditch 3 at Williston was deep enough to provide low tide data.

North River-West elevation methods

At the North River-West site, 5 level line transects extending from Ditch 7
to Ditch 1 and 61 meters into the unditched marsh were established. These level
lines were aligned with transect lines and elevations were taken at all vegetation
sample sites. 1In addition,elevations were measured on the transect lines at the
center and 2 meters to each side of the center of sections 2, 3, 4, and 5. In

all, 129 elevations were taken.

Macrofauna of ditches and natural creeks

Sampling for macrofauna was carried out for 13 months (March 1971 - March
1972) at both the North River and Williston sites. Six seining stations 30 m
(98 ft) long were established in the ditched marshes and one in a natural creek
in the unditched marsh. At the North River site (Fig. 1), ditches 5, 13, and 20
were selected from aerial photographs, and one seine station was established at
each end of these ditches, The natural creek selected for sampling was a small

stream 2.4 m wide on the north side of Crabbing Creek; it terminated in the un-
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ditched marsh. A thin, 0.5 meter wide, fringe of Spartina alterniflora lined

the creek at this station. The bottom of the creek was mud approximately 1m
deep. A few meters further upstream the creek terminated in a Juncus marsh. At
the Williston sites (Fig. 4) ditches 5, 17, and 24 were selected for marsh seine
stations. The natural creek selected for sampling was a small 5 m wide stream

on the north-west side of Jarrett's Bay. A thin 0.5 meter wide fringe of Spartina

alterniflora lined part of the creek,however the dominant vegetation along the

creek at seine station was Juncus romerianus. The bottom of the creek was mud

approximately 6 cm deep. The creek terminated in a Juncus marsh.

The blocking nets used to trap fish in the ditches were constructed of 1 mm
mesh plankton netting. They were 4.9 m long and 1,8 m deep, heavily weighted
along the bottom with 28 g leads on 75 mm centers and supported along the top by
floats on 200 mm centers. These nets were attached to seine staffs which ex-
tended 0.3 m below the bottom of the nets. Thus, the staffs could be pushed
into the bottom of the ditch, so as to hold the net in position. The seine
(Sterling Marine Products, Montclair, New Jersey), constructed of Ace netting
(3.0 x 4.5 mm opening), was 6.1 m long with a 1.2 m? bag in the center of the
net.

At the seine stations, the 30 meter section of ditch was blocked at each
end with the blocking nets. The area inside the blocking nets was seined 3 times
(Fig. 6). The macroscopic swimming and bottom dwelling organisms were preserved
in formalin and returned to the laboratory for identification and measurements.
Water samples were collected at the surface at each station. Temperatures were
measured with a mercury thermometer, salinities were measured with a refractometer
(Behrens, 1965) and oxygen was determined in the laboratory by the Winkler pro-
cedure (Strickland and Parsons, 1968).

The trawl station in the North River estuary extended from a point slightly

north of the Highway 70 bridge to a point approximately 1,000 m upstream and
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directly opposite Crabbing Creek. The trawl station in the Jarrett's Bay
estuary extended from a point in the middle of Jarrett's Bay slightly west of
Broad Creek to a point approximately 1,000 meters northwest.

The trawl used in 1971 was a flat (2 seam) trawl 5.2 m wide, with 37 mm _
stretch mesh body and 12 mm stretch mesh tail bag. The trawl used in 1972 was
a 4.0 m wide flat trawl with a 12 mm stretch mesh body and Ace (3.0 % 4.5 mm
opening) tail bag. In both nets a tickler chain was incorporated in the lead
line. A 4 m long Boston Whaler and 20 hp outboard motor were used for trawling.

All stations were sampled monthly. Collecting was initiated at all ditch
stations in March 1971 and in the natural creeks and estuary in April 1971.
Collecting was terminated at the inside ditch statioms (1,3,5) after the October
1971 sample. All other stations were continued through March 1972, Typically,
the inside stations were completed one day and the outside statioms, including
the creek, were sampled the next day. Seining at each station took from 1-2
hours, therefore tide levels were different at each station.

In the laboratory, standard lengths of fish were measured, Shrimp were
measured from the tip of the rostrum to the ti? of the telson, Crabs were

measured from tip of lateral spine to tip of lateral spine., The species from
each station were weighed as a group on a triple beam balance, Specimens were
slightly damp when weighed, If the number of specimens of one species was
excessive (more than 80) subsamples were taken for length determination, The
subsamples contained 30 or more individuals (usually 40~60)., The weight of
the subsamples and the number of individuals in the subsample waé‘used to derive

the total number of specimens caught,

Aquaculture potential

Oyster culture projects were carried out at both Williston and North River
to obtain spat and growth data., On 29 June 1971, approximately 1 m3 of oyster

shell cultch was placed at North River-West about 30 m from the mouth of
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ditch 7. Some shells were scattered along the bottom of the ditch, others were
planted in piles containing about 0,1 w3 of shells, Other shells were scattered
along the bottom edges of the ditches where the elevations were slightly higher

and the silt was not as deep. At this location, shells were also inserted into

the vertical bank of the ditch with the conecave (pearly) side of the shell down,

so as not to trap silt. The Juncus peat held the shells firmly when approximately
2/3 of the shell was forced into the bank, The shells were positioned from the mean
high tide mark (just below Juncus level) to just above the bottom of the ditch,
Shells were also scattered and planted in piles along the mid-bottom and bottom
edges at the inside end of ditch 30 m from the perimeter ditch,

Oyster shell cultch strung on 6 mm diameter polypropylene rope with 100 mm
polypropylene spacers was suspended in the ditch near the outside end of Ditch 7
(at the shell planting site) and approximately 60 m from the outside end of
Ditch 7, These three dimensional cultch assemblies were suspended at each site
on the same day the shells were planted, The upper shell of each cultch assembly
was positioned at the mean high tide mark and the lower shell was positioned
slightly above the bottom,

Similar experiments were conducted at Williston Ditch 4 about 60 m from
the intersection of this ditch with the old causeway ditch and at Ditch 6 approxi=-
mately 20 m from the Jarrett's Bay end. About 1.5 m3 of shells were planted at
each site, Shell string cultch assemblies were placed at the Ditch 4 site and

in the Jarrett's Bay estuary,

Plant community structure

Plant community structure was examined during the period May - November 1971.
The first set of transects was laid out across North River-West Section 6, each
transect being at right angles to the ditches and 100 m from the others, Transect

1 was 10 m from the perimeter ditch and Transect 5 was about 50 m from the North
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River, well inside of the levee, Stations were established at 1, 13, and 21 m

from Ditches 6 and 7 on each transect (Fig. 7). Transects were laid out across

the north half of Section 1 as at Section 6 and in alignment with those prior

transects, They were then extended 61 m south from Ditch 1 into the unditched

part of North River-West, Stations were established on these transects at 13,

21, 41, and 61 m from Ditch 1. Vegetation in the south half of Section 1 was

disturbed by vehicles used to haul crews and supplies to draglines (Fig. 2),

and was not sampled,- Ditch-side marsh in the unditched marsh was not sampled

because it was a path for marsh access. Transects were laid out similarly in

other marshes, except that they were 25 m apart in North River~East and 10 m

apart at Williston., There were five transects at North River-East and eight at

Williston, The Williston and North River-East sites were selected by ground

survey in an attempt to place the series of transects in a pure stand of Juncus.
To avoid trampling the sample sites, sample plots were 1 m away from

stations on the transect. Each sample consisted of all vegetation within a 0,1 m2

circular area. Vegetation was cut within 12,0 mm of the marsh surface. All loose

vegetation upon the marsh surface and within the circular area was also collected.
In the laboratory, the marsh plants from each sample were separated by species.

The predominant marsh plant was Juncus roemerianus. Juncus leaves from each sample

were divided into live, dying, and dead categories (Foster, 1968). Live leaves
had the tip of the plant intact and had less than 50 mm of dead material at the
tip. Dying leaves had more than 50 mm of dead material at the tip or had a tip
broken sc as to suggest that if the tip were intact there would be more than 30 mm
of dead material. Dead leaves were dead from base to tip. All samples were dried
at 1009C to a constant weight and promptly weighed to the nearest 0.1 gram on a

top loading balance.

Nutrient flux between marsh and estuary

In two experiments in Juncus marshes at Williston, N, C,, small gasoline
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driven pumps were used to flood Juncus marshes with water from mosquito control
ditches, This was a simulation of natural inundation, The water was pumped

15 m into the marsh and this pumped water followed an irregular course of 20-30 m
back to the ditch., It required approximately 45 minutes of pumping at 60 gpm
before the first water began to run off the marsh into the ditch., At regular
time intervals, water samples were taken from the ditch, pump discharge and from
the water running off the marsh into the ditch. Water samples were analyzed in

the laboratory for inorganic, organic and particulate phosphate,
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RESULTS

Physical description of ditches and spoil piles

Mosquito-control ditches are present in parallel lines about 50 m apart
across the marshes (Fig, 1-6). The ditches averaged 2.3 and 2.5 m wide, and
0.98 and 0,74 m deep, in the North River and Williston marshes, respectively
(Table 3). They have essentially vertical sides and flat bottoms and contain
water except on rare, extremely low tides. Almost 31 kilometers (19 miles) of
ditches were dug on the two study areas which total only 131 ha (324 a)., They
now cover 5,6~ 5.9% of the total marsh area and have increased the aquatic type
habitat of the marsh by 520-~5607, (Table 3)., The spoil piles now occupy from
8.5 to 12,9% of the marsh area., Ditches and spoil piles together account for 16~
187 of the surface of the marsh (Table 3).

Flooding of the marsh

The irregular nature of Juncus marsh flooding is evident from tide records at
North River., During the period January =- August the marsh is usually flooded less
than five times per week (Fig., 8A); the marsh may be uncovered for periods as long
as two weeks., Inundations during this period seldom total more than 8% of a week
(Fig. 8B). During the period September ~ November, however, there are usually more
than five floods over the marsh each week and the marsh may be flooded 30-40% of the
time (Fig 8A,B).

Juncus marshes are essentially flat, The highest elevation of North River-West
marsh was +0,20 ft above the assumed marsh datum plane®, and the lowest was = 0.26 ft
below. The assumed datum was above 119 stations and below 10. Eight of the ten ievel
stations higher than datum were on the transect closest to the perimeter ditch.

The Williston marsh was flooded more often than the North River-West marsh and
for a greater percentage of time (Fig. 8C,D), Jarrett's Bay is further away from

the tidal influence of a major inlet than is North River and Juncus marshes along

*See Appendix
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Table 3, Area of ditched marshes, ditches, creeks, and spoil piles.

North River Marsh

Williston Marsh

English Metric English Metric

Total area of marsh (incl. creek) 151 a 61,0 ha 173 a 70 ha
Total length of ditches 48,600 ft 14,800 m 52,700 ft . 16,070 m
Average width of ditches 7.6 ft 2,3 m 8.3 ft 2,5 m
Total area of ditches 8.5 a 3.4 ha 10.1 a 4,07 ha
% of marsh occupied by ditches 5.6% 5.6% 5.8% 5.8%
Area of creek 2,1 a 0.85 ha 1.8 a 0.73 ha
% increase of water area 520% 520% 560% 560%
Average depth of ditches 3.2 ft 0,98 m 2.4 ft 0.74 m
Average area of spoil piles 271 £ft2 25,4 m? 242 £t2 22,6 m?
Total no. of spoil piles 3,370 3,370 2,935 2,935
Total area of spoil piles 19.4 a 7.85 ha 16.4 a 6,63 ha
7% of marsh occupied by spoil piles 12,9% 12,9% 9.5 % 9.5%
% of marsh in spoil piles &

ditches 18.5% 18.5% 16.2% 16.,2%
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this estuary are often flooded by north and northeast winds. These same winds
are frequent along the North Carolina coast during the fall and winter (Marshall,
1951), Water-level fluctations in many North Carolina sounds and estuaries are

strongly influenced by velocity duration, and direction of the wind (Roelofs and

)

Bumpus, 1953).

Hydrographic data

Water temperature in the ditches and estuaries followed the expected seasonal
pattern (Table 4). There were often 3-6° differences between the temperatures of
ditches in the same marsh on the same day, these differences being attributable to
the time of day and the direction of water movement, Temperatures on different
days were often much more variable even within the same month, The salinities
(Table 5)were more erratic than the temperatures because of their sensitivity to
local rainstorms., Ditch or creek water not infrequently went below 1 ppt salinity
and even the North River estuary went as low as 2 ppt in February 1972 (Table 5).
During and following thunderstorms, large volumes of rainwater flow off the marsh,
and in some places from surrounding high ground and rural residential areas, into the
ditches and creeks, These thermal and salinity shocks undoubtedly have a severe
effect on the biota and probably restrict the kinds of organisms to those that éan
adapt or migrate quickly out of the area, This may account for the low numbers of
species in the ditches and creeks,

As the water temperatures increased during the summer, the dissolved oxygen
concentration of the ditches and creeks decreased drastically (Fig. 9). ALl oxygen
samples were taken during the day and generally the photosynthetic activity of
phytoplankton causes the higher dissolved oxygen concentrations to occur during the
daylight hours. The oxygen in the ditches and creeks during August, September and
October, was probably very low during most of the hours of darkness, Low oxygen
concentrations may be harmful to some species of fish (Saksena and Joseph, 1972)

but no fish kills were seen during this study,
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Table 4. Water temperature (°C) ranges in (A) ditches and creeks and (B)
open estuary at North River and Williston marshes., Measurements
were not always made on the same day.

North River Williston

A B A B
March 1971 ‘ 14-16 - 13-14 -
April 16-21 20 17-25 22
May 22-25 22 20-23 26
June 27-30 27 24-30 28
July 25-30 29 26-30 29
August 24-34 32 27=-34 -
September 24-29 27 26-30 25
October 19-23 25 19-26 24
November 7-8 8 12-13 8
December 18-22 19 16-18 18
January 1972 15-17 15 9-13 15
February 10-13 12 10-15 11
March 14-22 14 15-21 14

Macrofauna of ditches and creeks

The ditches are used not only by commercially important fishes and invertebrates,
but also by forage fishes (fish eaten by other fish) (Tables 6,7; see Appendix for
complete data on marsh ditch macrofauna). The ditches are inhabited by the largest
number of individuals during the winter, spring and early summer. Most of the fishes
and invertebrates occurring in the ditch are juveniles, although the adults of a
few species occur occasionally, The largest fish caught in ditches were mullets
approximately 200 mm (8") long.

Spot, the most abundant fish in the ditches, begin appearing in North Carolina

estuaries around mid-December (Tagatz and Dudley, 1961), Large numbers were present
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Table 5. Salinity ranges (ppt) in (A) ditches and creeks and (B) open
estuary at North River and Williston marshes. Measurements were
not always made on the same day.

North River Williston

A B A B
March 1971 14-18 - 22-27 -
April 16<24 24 17-27 23
May 19-26 22 16-27 10
June 21-25 27 26-30 28
July 7-25 17 13-26 19
August 0-20 23 14-25 25
September 8-19 16 11-17 13
October 0-3 12 10-12 12
November 13 16 14-15 13
December 12-14 13 13-14 13
January 1972 15-18 19 17-19 18
February 0~2 2 18-22 18
March 13-21 19 18=-24 23

during the first sampling period in March (Table 6,7). During the spring and
early summer, spot were caught at all ditch stations regardless of the stage of
the tide, the temperature, or the salinity. The number of specimens caught declined
éach month and the average size increased (Fig. 10). In general, a few small
individuals occurred in one sampling period, followed by numbers of slightly larger
individuals, followed by decreasing numbers of still larger individuals,

The natural creeks contained populations somewhat similar to the ditches
(Tables 8, 9), During the warm months mullet were more abundant in natural creeks
whereas commercial shrimp (primarily brown shrimp) were more abundant in the

ditches (Tables 6,7), Mummichogs, mullets, and grass shrimp were more abundant
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Fig. 9. Dissolved oxygen concentrations in ditches and creeks at North-
River-West and North River estuary. Ditch stations 1,3, and 5
are '"inside''; 2,4, and 6 are '"outside"”. The trawl station is
in the estuary.
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Table 6. Mean number of individuals in North River ditch stations 1-6. (Mean No./69m2). P=present,
but average was «<1/station. The values for March include collections from 1971 and 1972.
See Appendix for complete fauna at each station,
Species Apr May Jun Jul  Aug Sep Oct Nov Dec Jan Feb  Mar
Atlantic menhaden 7 106 52 21 2 0 0 0 0 0 4 P
Bay arnchovy 0 P 1 142 18 16 0 0 P 0 P 8
Mummichog 4 13 8 3 1 P P 0 1 2 P 3
Pinfish 8 1 2 3 1 1 P 0 0 1 0 1
Silver perch 0 3 17 5 1 5 P 0 0 0 0 0
Spot 252 98 16 11 3 P P 0 0 3 11 410
Mullet 29 8 2 2 1 2 P 0 P 12 4 127
Flounder 23 6 5 2 2 0 0 0 0 0 2 15
Blue crab 18 4 21 17 6 1 1 2 4 2 4 11
Brown shrimp 0] 29 107 83 42 2 0 0 0 0 0 0
Grass shrimp 118 18 40 80 38 P 6 1 5 11 5 56
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Table 7. Mean number of animals in Williston ditch stations 1-6, (Mean No./75m%2). P = present,

but average <1/station. The values for March include collections from 1971 and 1972,

See Appendix for complete fauna at each station,

Species Apr May Jun Jul Aug Sep Oct Nov  Dec Jan Feb  Mar
Atlantic menhaden 1 245 34 2 0 0 0 0 0 0 0 0
Mummichog 11 43 22 18 14 3 51 12 20 12 30 21
Silversides 9 5 10 57 17 8 12 0 0 0 0 10
Pinfish 7 10 19 18 11 9 12 0 0 0 1 2
Spot 193 76 27 17 12 7 1 0 0 3 97 261
Mullet 24 7 9 4 4 4 2 0 0 0 20 7
Flounder 2 2 1 1 P 0 0 0 0 0 1 3
Blue crab 15 10 5 2 3 P 1 24 32 66 68 32
Brown shrimp 0 10 32 18 9 1 3 0 0 0 0 0
Grass shrimp 90 24 P 0 2 2 4 52 58 79 129 64




SPOT-~-STATIONS 2,4,6

AUGUST NM=19
NC=19
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Fig. 10. Frequency distribution of standard length of spot (Leiostomus

xanthurus) from March through August at Stations 2,4, and 6,
North River-West, 1971.
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Table 8. Number of individuals caught each month in the natural creek at North River marsh, (No./71 m2)

Common name Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Ladyfish 0 0 0 0 0 1 0 0 0 0 0 0
American eel 0 0 0 1 3 0 0 0 0 0 0 0
Atlantic menhaden 0 14 0 0 0 0 0 0 0 0 1 0
Bay anchovy 0 0 0 23 0 22 0 0 0 0 0 0
Sheepshead minnow 0] 0 0 0 0 0 0 1 0 18 1 0
Mummichog 29 72 11 5 7 1 0 6 44 222 14 99
Mosquitofish 0 0 0 0 0 2 0 0 0 0 5 0
Rainwater killifish 0 2 0 0 0 0 0 1 0 0 0 0
Silversides 0 0 47 65 0 2 8 1 123 0 350 3
Mutton snapper 0 0 0 0 0 1 0 0 0 0 0 0
Mo jarra 0 0 0 0 0 1 21 0 0 0 0 0
Pinfish 0 3 0 0 1 2 0 0 0 0 0 0
Silver perch 0 0 0 0 0 30 0 0 0 0 0 0
Spot 453 229 39 15 0 2 0 0 0 0 60 490
Mullet 18 15 134 96 2 4 1 0 30 40 158 210
Goby 0 0 0 1 0 0 0 0 0 0 0 0
Flounder 1 1 0 0 0 0 0 0 0 0 0 0
Blackcheek tonguefish 1 0 0 0 0 0 0 0 0 0 0 0
Blue crab 7 0 0 23 2 0 1 40 63 58 41 174
Brown shrimp 0 0 8 20 10 0 0 0 0 0 0 0
White shrimp 0 0 0 0 4 37 0 0 0 0 0 0
Grass shrimp 234 612 34 1642 51 10 0 15 75 138 7 305

Mud snail 0 0 0 0 0 4 0 65 57 68 1 21
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Table 9. Number of individuals caught each month in natural creek at Williston marsh., (No./150 m2)

Common mname May Aug Jan Mar
Atlantic needlefish 0 0 1 0 0 0 0 0 0 0 0
Sheepshead minnow 0 165 0 2 0 0 2 1 121 5 1
Mummichog 62 510 0 6 0 0 1 7 975 3 351
Striped killifish 0 0 0 0 0 0 0 0 0 0 11
Rainwater killifish 2 0 0 0 0 0 6 0 3 0 1
Mosquitofish 0 0 0 0 0 7 0 0 9 0 0
Silversides 112 17 2 0 0 32 5 0 0 0 20
Grey snapper 0 0 0 0 0 1 0 0 0 0 0
Mo jarra 0 0 0 3 9 62 0 0 0 0 0]
Pinfish 0 0 0 0 0 1 0 0 0 3 1
Spot 165 28 7 0 8 0 0 0 0 136 75
Mullet 147 0 7 6 16 0] 0 0 14 299 60
Gobys 0 0 3 0 0 0 0 1 0
Flounder 0 0] 0 0 0 0 0 0 0
Blackcheek tonguefish 0 0 0 0 1 0 0 0 0
Blue Crab 0 3 4 12 1 53 T4
Pink shrimp 0 0 0 1 6 24 12
Brown shrimp 0 8 3 16 1 0 0
Grass shrimp 60 0 0 10 o 450 706




in the natural creeks during December-February than in ditches,

The variety of fishes caught in the estuary was greater (Tables 10, 11).
Mummichogs were absent from the trawl samples, perhaps because the trawl did not
sample the surface of the water where these fish are most abundant., The mesh size
of the trawl employed in 1971 was larger than that of the seine and few very small
specimens were retained, Trawling produces only a crude approximation of standing
crop because the volume of water sampled and the escapement are not known; the
results obtained are not comparable with the semi-quantitative data obtained from
seining in blocked off areas of ditches and creeks,

Examination of seine data collected along estuarine shorelines in Carteret
County by the North Carolina Division of Commercial & Sport Fisheries (personal
communication) and the National Marine Fisheries Service (personal communication)
indicates that many of the same species of fishes in ditches and small creeks
occur also in the open estuary. The main exception, as noted previously, is the
smaller quantity of predators in the ditches and small creeks and the apparent
shortage of mummichogs in the estuary.

Aquacultural potentials

Periodically during the summer of 1971, oyster shells from the piantings
were recovered, The shells on the bottom, along the edge of the bank, and inserted
iﬁto the bank, had received an excellent spat set., Unfortunately many spat were
killed during late summer and early fall, apparently by low salinities following
heavy rainfall and runoff from two hurricanes,

During November, 1971, a detailed assessment of the oyster culture experiments
was made. Excessive silt appears to be a limiting factor for most oyster growth on
the bottom of ditches., Only a small percentage of the shells scattered along the
bottom of the ditches could be recovered and the spat density on these shells was

low (Table 12). Most of the shells were vovered by a layer of anaerobic silt, and
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