
SEASONAL VARIATION OF LARVAL FISHES 
IN THE WRIGHTSVILLE BEACH AREA 

Daniel Lynn Sonnenberg 

A paper submitted in partial fulfillment of the re- 
quirements of the Honors Program in the Department 

of Biology. 

Examining Committee: 

%£&**#£. 
Oo-v.«JL*^    ^.       TC^VV -c- 
(A) (A) Hcdl.Qf 

Approved by: 

:ulty Supervisor 

The University of North Carolina at Wilmington 
Wilmington,  North Carolina 

May 1978 

* 



ACKNOWLEDGEMENTS 

I would like to express my sincere appreciation to 

each person that assisted me in the completion of this pro- 

ject.  These people helped in the collection and separation 

of the samples:  Dave Hart, Brad Palkovic, Chuck Stokley, 

Milt Kelley, Dan Williamson, Bobby Brooks, Terry Harris, 

Mildred Spivey, Lynn Barker, Jack Allen, Lisa Lytle, Tom 

Raines, Brian Wooton, Jeff Sorrell, and Jamie Lawson.  John 

Trowbridge and Ray Davis of the Cape Fear Estuarine Labora- 

tory assisted in identifying the larval fish and calibrated 

the flow meter. Special thanks to Dr. Gilbert Bane for 

overseeing the entire project, to Beth Stokley for graph- 

making and emotional support, and to Jesus Christ who made 

all this possible. 



TABLE  OF  CONTENTS 

List of figures and tables  l 

Introduction  3 

Materials and methods  *  4 

Results  ,  5 

Commonly occurring species   5 

Family:  Clupeidae   5 

Brevoortia tyrannus: Atlantic menhaden   5 

Family:  Engraulidae   7 

Anchoa hepsetus:  Striped anchovy   7 

Anchoa mitchilli :  Bay anchovy  7 

Family:  Sciaenidae   9 

Bairdiella chrvsura: Silver perch   9 

Leiostomus xanthurus» Spot   10 

Micropogon undulatus:  Atlantic croaker   11 

Family:  Sparidae  13 

Lagodon rhomboidesi     Pinfish    13 

Family:  Mugilidae  14 

Mugil cephalust  Striped mullet   Ik 

Family:  Gobiidae   16 

Gobiosoma bosci:  Naked goby  16 

Gobiosoma ginsburgi:  Seaboard goby  16 

Gobionellus boleosoma: Darter goby   18 

Family:  Bothidae   20 

Paralichthys dentatus:  Summer flounder   20 

Paralichthys species:  Southern and Gulf flounder . 20 

Uncommonly occurring species  22 



Effects of environmental conditions on abundance ...... 22 

Water temperature  5  23 

Salinity  ,  24 

Lunar phase   25 

Discussion  ,,  26 

Appendix I:  Figures and tables   28 

Literature cited ,  6l 



Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5- 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9« 

Figure 10. 

Figure 11. 

Figure 12. 

Figure 13. 

Figure 14. 

Figure 15• 

Figure 16. 

Figure 17. 

Figure 18. 

Figure 19- 

Figure 20. 

Figure 21. 

Figure 22. 

Figure 23. 

Figure 24. 

Figure 25. 

Figure 26. 

LIST OF FIGURES AND TABLES 

Abundance of Brevoortia tyrannus 29 

Lengths of Brevoortia tyrannus 30 

Abundance of Anchoa mitchilli, A. hepaetus   31 

Abundance of Anchoa species 32 

Lengths of Anchoa mitchilli 33 

Lengths of Anchoa hepsetus 34 

Lengths of Anchoa species 35 

Abundance of Bairdiella chrvsura 36 

Lengths of Bairdiella chrysura 37 

Abundance of Leiostomus xanthurus 38 

Lengths of Leistomus xanthurus 39 

Abundance of Microppgon undulatus 40 

Lengths of Micro pogon undulatus 41 

Abundance of Lagpdon rhomboides 42 

Lengths of Lagpdon rhomboides 43 

Abundance of Mugil cephalus 44 

Lengths of Mugil cephalus 45 

Abundance of Gobiosoma species 46 

Abundance of Gobiosoma bosci 47 

Abundance of Gobiosoma ginsburgi 48 

Lengths of Gobiosoma species 49 

Lengths of Gobiosoma bosci 50 

Lengths of Gobiosoma ginsburgi 51 

Abundance of Gobionellus boleosoma 52 

Lengths of Gobionellus boleosoma 53 

Abundance of Paralichthys dentatus, 
P. species 54 



Figure 27. 

Figure 28. 

Figure 29. 

Figure 30. 

Table I. 

Table II. 

Table III. 

2 

Lengths of Paralichthys species 55 

Lengths of Paralichthys dentatus 56 

Mean water temperature June 1977 - March 
1978 57 

Salinity mean, range, and standard devi- 
ation for four collecting stations 58 

Abundance of uncommonly occurring species 59 

T-test for salinities of four stations 60 

Correlation coefficients for water tempera- 
ture and lunar phase vs. abundance 60 



ABSTRACT 

Forty-one species of larval fish in tweny-four families 

were identified from 80 biweekly, nighttime surface tows 

made between June 1977 and March 1978 in the Wrightsville 

Beach area of North Carolina.  Eleven species«  bay anchovy, 

striped anchovy, darter goby, naked goby, seaboard goby, 

Atlantic croaker, Atlantic menhaden, spot, pinfish, southern 

flounder, and silver perch made up 90% of all larvae collec- 

ted.  Abundance and length information was plotted graphical- 

ly to determine peak spawning periods, location of spawning 

grounds, and growth rates for 13 of the most abundant and/or 

commercially important species. Abundance appeared to be 

directly correlated to water temperature only in species 

that were present in the plankton for a short period of time. 

No statistically significant difference in salinity was found 

between the four sampling stations.  Lunar phase appeared to 

have no marked effect on abundance of ichthyoplankton. 



INTRODUCTION 

An investigation was made to determine the abundance 

and growth of larval fishes in the Wrightsville Beach area. 

Monthly and seasonal variation over the period of ten months 

provided baseline data on larval fishes in the area.  It is 

important to be aware of the species which use this area as 

a nursery.  Relatively nothing is known about the larval 

fishes here, and since continued marsh encroachment is ex- 

pected through urbanization, this baseline data is impera- 

tive to assess future changes.  Urbanization increases the 

potential for sewage and industrial wastes that empty into 

wetlands and bays that serve as nursery grounds for a multi- 

tude of marine fishes.  Continual dredging, filling, and 

bulkheading may have adverse effects on marine organisms, 

particularly in their larval stages when they are most sensi- 

tive to physiological stresses. 

Objectives of the study are: 

1. To determine monthly and seasonal occurrence of larval 
fishes in the area. 

2. To note those larval fishes of commercial importance 
in the area. 

3. To determine growth of these larval fishes. 

4. To infer peak spawning times based on their abundance 
in the plankton. 

5. To compare the abundance of ichthyoplankton with vary- 
ing physical and chemical factors. 



MATERIALS AND METHODS 

To determine the occurrence and abundance of larval 

fish in the area, four sampling stations were established 

to provide a variety of physical characteristics.  These 

stations were as follows: 

1. Bridge:  just south of the drawbridge in the Intra- 
coastal waterway. 

2. Inlett 500 meters west of the Coast Guard dock at 
Masonboro Inlet to the Intracoastal waterway. 

3. Harbor Houses in Motts Channel from the middle of 
Banks Channel to the end of Bland Street on Harbor 
Island. 

b.     Tops:  in the bay at the north end of Harbor Island. 

Ichthyoplankton were sampled with a 2.^-meter long, 

0.5-meter diameter, nylon plankton net.  Mesh size was 

0.571 mm. A stainless steel cod-end filtering jar of O.505 

mm mesh held the plankton.  The net was equipped with a 

KAHLSICO flowmeter to measure the volume of water filtered. 

The net was towed behind 15 and 26-foot outboard motorboats 

at a speed that kept the net a few centimeters below the 

surface.  Each tow was made first travelling in one direction, 

then turning 180° and pulling in the opposite direction for 

the same distance (approximately 500 meters) to cancel any 

tidal effects on the flowmeter.  Samples were taken bi-weekly 

on the new and the full moon at high tide after dark.  In the 

fall some samples were taken weekly.  Sampling on lunar phas- 

es was initiated to compare results with Williams and Deubler 

(1968).  These authors demonstrated that postlarvae are more 

abundant at nighttime than in daytime in surface tows. 



KniflifitM 

Plankters were preserved in 5%  formalin in the field and 

later transferred to 70% methanol.  Samples were sorted and 

examined under a binocular microscope to identify each larval 

fish collected.  Fin rays of GobioneUus boleosoma were 

stained with alizarin red S and cleared in glycerin to insure 

good meristic counts.  Several specimens were sent to the 

Cape Fear Estuarine Laboratory for positive identification. 

Salinityi air and water temperature, wind velocity, 

cloud cover, visibility and phase of the moon, and recency 

of storms were noted at each station. 

RESULTS 

COMMONLY OCCURRING SPECIES 

Thirteen species representing seven families made up 

92.5$ of the total number of larval fish caught between June 

1977 and March 1978.  In this section the importance, abun- 

dance, and growth of each of these species will be described 

in detail. 

Family:  Clupeidae - herrings, shads 

Brevoortia tyrannus t Atlantic menhaden 

IMPORTANCE 

Menhaden of the genus Brevoortia are the foundation of 

North America's largest commercial fishery and are preyed 

upon by a number of larger commercial and sport fishes 

(Reintjes and Pacheco 1966).  The waters off North Carolina 

serve as one of the major spawning areas for Brevoortia ty- 

ranus (Higham 1964).  This species is an important component 

of the estuarine system as it spends up to six months of its 



first year inshore (Reintjes and Pacheco 1966). 

ABUNDANCE 

Larval menhaden first occurred in a sample on January 6, 

but did not become abundant until the end of March (Fig. 1). 

Higham (I96M reported larvae appearing first in November or 

early December at Beaufort Inlet, and remaining until early 

or mid April with a peak abundance in late February or 

early March.  The larvae at Wrightsville Beach appear to 

reach a peak abundance at the end of March, but the data are 

not complete for April and May as yet.  Lewis and Mann (1971) 

report a peak abundance at the end of March diminishing to 

near zero by the end of April in Beaufort. 

GROWTH 

Two specimens of 11 and 12 mm were caught as early as 

January 6 in Wrightsville Beach (Fig. 2).  Very few were 

caught again until they reached the 15-26 mm range in early 

March (mean length = 19•6 mm).  By late March a great abun- 

dance was present in a range of 16-3^ mm (mean length = 

25.5 mm).  Reintjes and Pacheco (1966) found that this species 

spawns in the ocean on the continental shelf from November 

through March in the South Atlantic States.  They commented 

that the eggs hatch and develop in the outside waters and 

begin to move into the estuary between December and Itey, 

usually at the 14-34 mm fork length stage. Ocean spawn- 

ing is further substantiated in Wrightsville Beach samples 

in that they lack small fry less than 10 mm in length. 
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Familyi  Engraulidae - anchovies 

Anchoa hepsetusi     Striped anchovy 

Anchoa mitchilli t  Bay anchovy 

IMPORTANCE 

The anchovies, Anchoa hepsetus and A. mitchilli are too 

small to be of any commercial importance in this area, but 

are of great value as a food fish for many larger commercial 

and sport fishes (Hildebrand and Cable 1930).  These authors 

report finding anchovies in the stomach contents of large 

predatory fishes more often than any other species with the 

possible exception of the silversides. 

ABUNDANCE 

These two species are difficult to distinguish consist- 

ently before they reach about 15 mm.  In this investigation 

they are treated as one species until the point at which they 

are recognizably distinct species, and then treated separate- 

ly as they become larger.  Both species were present in the 

first samples in early June (Figs. 3 and 4), so it is as- 

sumed that spawning began sometime before then in the spring. 

Hildebrand and Cable (1930) found A. hepsetus first on April 

16 and A. mitchilli a little later on April 26.  They report- 

ed a peak abundance for A. hepsetus in May, diminishing 

greatly already in early June. However, A. mitchilli remained 

in their samples until mid-September. At itfrightsville Beach, 

A. hepsetus was at its greatest abundance in early June, 

diminishing to near-zero by mid-June. A. mitchilli, though 

fairly abundant in early June, did not reach its peak until 
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mid-July and was still found in samples in mid-September. 

The abundance graph for Anchoa species (Fig. k)  has 

a peak in mid-July and diminishes into September like that 

of A. mitchilli.  Most of these smaller anchovies were prob- 

ably &. mitchilli since A. hepsetus usually disappears in 

June (Hildebrand and Cable 1930). 

GROWTH 

Both species of the anchovies are known to spawn within 

the estuaries and sounds and along the shore in the ocean 

(Hildebrand and Cable 1930). A. hepsetus has a shorter 

spawning period than A. mitchilli and begins earlier in the 

spring than the bay anchovy.  Evidence for earlier spawning 

of A. hepsetus was found in the length measurements of the 

June samples.  The mean length of A. hepsetus was 3.3 mm 

longer than that of A. mitchilli. In early June, then, A. 

hepsetus is more well developed than A. mitchilli.  Further 

conclusions concerning spawning periods will be borne out 

when samples from April and May can be examined. 

An increase in the mean sizeof the anchovies from month 

to month was demonstrated only in A. hepsetus.  It ranged 

from 21.0 mm in June (N=63) to 23.8 mm in July (N=4).  It is 

doubtful that this has much meaning since there is such a 

great difference in the size of the samples.  More informa- 

tion on growth will be given by the April and May samples. 

See Figures 5, 6, and 7 for information of growth in the an- 

chovies. 



Familyt  Sciaenidae - drums 

Bairdiella chrysurat  Silver perch 

IMPORTANCE 

Because of its small size (usually less than 7 inches 

long and weighing 6 ounces), the silver perch is not of great 

importance in commercial catches in North Carolina (Hilde- 

brand and Cable 1930).  However, it is taken frequently in 

trawls and ends up with "mixed fish" in the market (Hildebrand 

and Cable 1930). 

ABUNDANCE 

Bairdiella was present in high numbers when sampling 

began in June.  A few remained in July, but they were com- 

pletely absent in August (Fig. 8).  Hildebrand and Cable 

(1930) found that the silver perch began spawning near the 

end of April and ended near the last of June.  They found a 

peak in spawning during the last half of May and early June, 

This corroborates with the yet incomplete findings in the 

Wrightsville Beach area.  Kuntz (1914) found eggs frequently 

from June 9 to July 18, but only rarely from then until mid- 

August.  He concluded that most spawning in Bairdiella is 

over by mid-July. 

GROWTH 

In early June, specimens of Bairdiella ranged from 3-7 

mm indicating that spawning takes place in the estuary (Fig, 

9).  In Bamples at Beaufort, Hildebrand and Cable (1930) found 

individuals of this size range as far as 12-15 miles out to sea 

as well as in the estuary.  This species apparently spawns 

inshore and offshore.  Hildebrand and Cable (1930) found 
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the silver perch to be more numerous at offshore stations than 

inshore and more numerous in bottom samples than in surface 

samples.  They also noted that beginning at about 10 mm in 

length, this species is found in shallow grassy areas where 

it spends its first summer before moving offshore for the 

winter.  This answers the question of why the silver perch 

disappears from the surface samples at Wrightsville Beach at 

such a small stdgfc. No specimens taken here exceeded 7 mm, 

and the mean size for both June and July was never greater 

than *+.8 mm. 

There appeared to be no increase in the mean size from 

June to July. 

Leiostomus xanthurus t  Spot 

IMPORTANCE 

The spot is of great economic significance in North Car- 

olina to both the commercial and the sport fisherman. 

ABUNDANCE 

Spot were first captured in Wrightsville Beach on Jan- 

uary 6.  They continued to be present in small numbers until 

February 7 when they reached their first peak (Fig. 10). 

There was a decrease in numbers during late February and 

early March and an increase to an even higher peak than the 

first during the end of March. 

Larval spot appeared at Beaufort principally during 

December and January with diminished activity in February 

(Hildebrand and Cable 1930).  These authors collected recent- 

ly-spawned fry in both oceanic and estuarine samplesv ,iniicat- 
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ing that spawning takes place inshore as well as offshore. 

However, Lippson and Moran (197^) stated that Leiostomus 

spawned mostly offshore during April and May along the 

Atlantic coast and at the mouth of Chesapeake Bay.  These 

findings agree more closely with those at Wrightsville Beach 

where no larvae less than 12 mm were captured during the 

entire period and that not before January 6. 

GROWTH 

The first Leiostomus xanthurus larvae caught in the 

samples in early January ranged from 15-19 mm averaging 

16.8 mm in length (Fig. 11).  Obviously, these were spawned 

somewhere offshore and moved inshore as they developed. 

Development continued during January, February, and March. 

The average length changed during that time from 16.8 mm in 

early January, to 20.3 mm by the end of February, to 21.9 mm 

by the end of March.  The greatest lengths recorded for 

these months are 20 mm in January, 2k  mm in February, and 

26 mm in March.  The mean length of Leiostomus increased 

5.1 mm from January 6 to March 27, an increase of 0.^6 mm 

per week for that period.  Those present in the estuary 

now will continue to grow and spend the first year of their 

life in the estuary. 

Micropogon undulatus; Atlantic croaker 

IMPORTANCE 

The croaker, like the spot, is of considerable impor- 

tance to the commercial fishing industry as well as to sport 

fishermen in North Carolina. 
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ABUNDANCE 

Micropogon undulatus has one of the longest spawning 

periods of the species captured at Wrightsville Beach (Pig. 

12).  It lasts from late August to at least the end of Feb- 

ruary, witn individuals less than 10 mm present every month 

except September.  Greatest abundance occurs during October 

and November.  A few were taken even at the end of March, 

but were 12 and Ik  mm so were not recently hatched.  Hilde- 

brand and Cable (1930) found larvae less than 10 mm from 

September to May with considerable abundances occurring from 

October to March.  They concluded that the spawning period 

in Beaufort extends from October to March.  They also found 

that the larvae occur more frequently in bottom tows than 

surface tows and concluded that the larvae, like the adults, 

dwell principally on the bottom. 

GROWTH 

The earliest occurrence of Micropogon in these samples 

was a 7 ram specimen on August 31 (Fig. 12).  In October and 

November, the periods of greatest abundance, they ranged in 

8ii.e from 5-12 mm in October and 6-1? mm in November.  None 

were captured in December.  They ranged from 11-20 mm in Jan- 

uary and 5-20 mm in February.  The average lengths increased 

from 3.3 mm in October to 14.8 mm in January at a rate of 1.6 

mm per month for that period. 

Since many larvae less than 10 mm appeared in these 

samples, it is evident that the croaker spawns either in the 

estuary or very close to the inlet where the larvae could be 
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swept in by the tide.  Hildebrand and Cable (1930) found 

very small fry (under 10 mm) occurring more frequently offshore 

and comparatively larger fry (10 mm and over) more frequently 

in the estuary.  They concluded that, although some smaller 

larvae are found in the estuary, spawning takes place some 

distance offshore.  This may explain why a greater aubundance 

was found at the station nearest the inlet at Wrightsville 

than at any other station. 

Family: Sparidae - porgies 

Lagodon rhomboidest Pinfish 

IMPORTANCE 

Although this species is common inthtsounds and estuaries 

of North Carolina all year around, it is of little commercial 

value because of its small size (Hildebrand and Cable 1933). 

The adult pinfish is only about six inches long on the aver- 

age, and is usually found only among "mixed fish" in com- 

mercial catches (Hildebrand and Cable 1938).  They are con- 

sidered a nuisance by many fishermen whose hands are common- 

ly stuck by the sharp dorsal spines and who spend long hours 

disentangling them from gill nets when they are caught by 

the short antrorse spine which points anteriorly instead of 

posteriorly like the rest. 

ABUNDANCE 

The first specimen of Lagodon was collected in early 

November at Wrightsville Beach (Fig. 14).  In December they 

became more numerous and reached their highest peak in early 

January, but remained*fairly abundant in samples to the end 
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of March.  Hildebrand and Cable (1938) found them in offshore 

samples as early as October and as late as the end of April 

with.a peak abundance during December and January in the 

estuary.  They concluded that Lagodon spawns from October to 

March. 

GROWTH 

The first specimen to appear in November was already 

1*4- mm long (Fig. 15 )•  Those caught in December renged from 

13-16 mm and averaged 1^.5 mm.  The ranged was 15-19 mm by 

early February and the average length was 16.7 ram.  By the 

end of March the range increased to 15-20 mm, and the aver- 

age length was 17.9 »"»•  This represents a growth of 1.1 mm 

per month from the end of December to the end of March. 

Since no specimens under 10 mm were collected, it is 

evident that spawning takes place only offshore.  The lar- 

vae develop in the ocean, but begin to enter the estuary 

between 13 and 16 mm in length.  Hildebrand and Cable (1938) 

found fry less than 10 mm as much as 12 to 13 miles offshore, 

but never found larvae under 5 rom.  They concluded that 

spawning takes place some distance beyond 13 miles offshore. 

From December to February, larvae from 12-16 mm in length 

were found abundantly in the estuaries and sounds at Beaufort 

as well (Hildebrand and Cable 1938). 

Family: Mugilidae - mullets 

Mugil cephalus:  Striped mullet 

IMPORTANCE 

Anderson (1958) calls the striped mullet one of the most 
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important food fishes of the southern United States.  In 

North Carolina it supports a commercial fishery of consid- 

erable value.  This species is most often caught by means of 

gill nets, stop nets, and beach seines. 

ABUNDANCE 

Mugil cephalus larvae first appeared in Wrightsville 

Beach samples on January 24 (Fig. 16).  At that time 4 indi- 

viduals were caught during two of the tows.  This species 

reached a peak abundance in early March when 13 specimens 

were caught in three of the tows.  The numbers diminished 

to only one capture in four tows by the end of March.  Hig- 

gins (1928) found juvenile mullet 22 mm in length appearing 

in the Beaufort estuary around the middle of January.  He 

stated that they became more abundant in February, March, 

and April. 

GROWTH 

The first specimens to appear at Wrightsville Beach in 

January ranged from 24-29 mm in length (Fig. 17).  By early 

February a 32 mm individual had been caught, and in early 

March when Sundance was greatest, the range was from 26-34 mm 

and the average length was 28.4 mm.  A growth rate could 

not be determined since so few individuals were collected. 

However, growth can be inferred from the change in the range 

of lengths in the samples from January to March. 

Higgins (1928) reported juvenile fish appearing in 

Beaufort sounds in early February at lengths of 18-25 mm. 

This is similar to that observed at Wrightsville Beach. 
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Growth of 10 mm from February to March was observed by Ander- 

son (1958), demonstrating that this species grows at a rapid 

rate as the water warms in the spring.  He also stated that 

from May to October, the striped mullet grows two cm per 

month - twice as fast as during February and March. 

Since no larvae were caught under 24 mm in length, it 

can be assumed that spawning takes place at some distance 

offshore, and the larvae spend the first few months of their 

existence outside the estuaries of North Carolina.  Jacot 

(1920) stated that spawning in Mugil cephalus took place in 

North Carolina from September to December with a peak abun- 

dance in October and November. Anderson (1058) reported 

spawning of the striped mullet along the South Atlantic 

coast from October to February, but usually from November 

to January with a peak abundance in December.  He suggested 

further that spawning normally took place from 20 fathoms 

out to the Gulf Stream. 

Since the adult striped mullet are primarily bottom 

dwellers, it can be assumed that the young also take up 

this mode of existence at about the 20-30 mm stage.  This 

would account for the small number of specimens caught in 

surface tows within the estuary. 

Family: Gobiidae - gobies 

Gobiosoma bosci:  Naked goby 

Gobiosoma ginsburgi »  Seaboard goby 

IMPORTANCE 

Like the anchovies, these two gobies are very diffi- 
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cult to separate at sizes less than 8-10 mm.  The gobies may 

be of some commercial significance only indirectly as a 

forage fish.  They rarely exceed two inches in length and 

are found principally on the bottom, hiding in rock crevices 

or among vegetation.  They are rarely seen swimming about 

in the upper layers of the water column, so they do not 

serve as easy prey for carnivorous fishes like the anchovies 

and silversides do.  However, the gobies were    second 

only to the anchovies in abundance in the Wrightsville Beach 

area samples, so it can be assumed that there are a great 

number of adults present in the estuary. 

ABUNDANCE 

From Figs. 18, 19, and 20 abundance of both species 

of Gobiosoma appear to reach a peak in early June.  They 

then both diminish during July and August, but do not com- 

pletely disappear until October.  Spawning probably began 

sometime prior to the time of first sampling in June.  Hilde- 

brand and Cable (1938) found Gobiosoma larvae first appear- 

ing in their tows on May 11, and continuing throughout the 

summer and fall as late as December 6.  The larvae were 

found frequently from June to September, but were most abun- 

dant during July and August in Beaufort.  Their peak occur- 

rence appeared a month later than those at Wrightsville 

Beach. 

Hildebrand and Cable (1938) found the young of G. gins- 

burg i more numerous than those of G. bosci in their samples. 

The reverse was true at Wrightsville where 97 G. bosci were ca^kt 

while 60 G. ginsburgi appeared in tows during the same period. 
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Hildebrand and Cable (1938) also found G. ginsburgi more 

abundant in deeper waters while G. bosc} were more numerous 

in shallow water areas.  This reversal in relative abun- 

dances probably arose because Hildebrand and Cable took 

bottom and surface samples in deep and shallow water, while 

Wrightsville Beach samples were taken.only at the surface 

in relatively shallow waters (less than 4 fathoms) where 

G. ginsburgi would not be found as often. 

GROWTH 

Many larvae between 3 and 7 mm were taken from early 

June through mid-September indicating that spawning occurs 

inshore during the entire period (Figs. 21, 22, and 23). 

Little can be concluded from these data concerning growth 

rates in Gobiosoma.  The mean lengths varied little from 

month to month probably because abundant spawning was occur- 

ring each month, supplying new small fry to fill the place 

of those larger individuals that had assumed their adult 

mode of existence.  The largest individual collected was an 

18 mm G. bosci.  Generally, the average length of G. gins- 

burgi was about 1 mm greater than that of G. bosci.  Both 

species ranged in size from 9-1^ mm in the plankton, but 

were rarely found in surface tows above 1^ mm. 

Gobionellus boleosoma:  Darter goby 

IMPORTANCE 

The darter goby was the most abundant species of goby 

collected in the plankton at Wrightsville Beach.  It is also 

small in size and may be significant only as forage for car- 
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nivorous fishes in the area. 

ABUNDANCE 

Gobionellus boleosoma was present in the earliest 

samples in June 1977 and continued to appear periodically 

from July to October.  It became most abundant during Nov- 

ember, was still present in small numbers in December, but 

was not found in January.  Therefore, it can be said to 

occur from June through December and peaking in abundance 

in November at Wrightsville Beach (Fig. 24). 

Hildebrand and Cable (1938) reported spawning from mid- 

May to early November and becoming most abundant during July 

and August.  A difference in peak spawning between these two 

collections of such great magnitude (3 months) is surprising 

since most other species agree so well.  No explanation for 

the difference can be found at this time.  This species is 

found more frequently on the bottom than in surface tows 

(Hildebrand and Cable 1938), so samples at Wrightsville 

Beach are probably not representative of their true abun- 

dance in the area. 

GROWTH 

No specimens under 9 mm were collected during the entire 

period.  This would indicate that the adults spawn some dis- 

tance offshore,and the larvae do not make it to the estuary 

until they have reached 9-11 mm in length. Another possibil- 

ity is that since the eggs are demersal and adherent, they 

may spend the first period of their lives (from 3-9 mm) on 

or near the bottom.  Hildebrand and Cable (1938) found larvae 
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under 5 mm from May to November in the estuary and offshore. 

They concluded that spawning takes place in both areas. 

The largest specimen captured measured I8m-min length 

and was found in November.  Generally, they ranged in size 

from 9-13 mm (Fig. 25).  The average length increased from 

9.9 mm in October to 11.3 mm in early November and 11.5 mm 

in mid-November.  This represents a growth rate of 1.6 mm 

per month for that period.  Hildebrand and Cable (1938) 

found G. boleosoma larvae 5»5 times more frequently on the 

bottom than in surface tows.  Since the adults live main- 

ly on the bottom, it can be assumed that the larvae assume 

a benthic existence sometime during the 13-20 mm stage. 

Family:  Bothidae - lefteye flounders 

Paralichthys dentatus ;  summer flounder 

Paralichthys species:  southern and gulf flounders 

IMPORTANCE 

It is difficult to distinguish between postlarval Para- 

lichthys lethostigma (southern flounder) and P. albigutta 

(gulf flounder) on the basis of pigmentation alone (Deubler 

1958» Ginsburg 1952).  Meristic characters such as anal and 

dorsal fin rays and gill rakers must be counted to separate 

them.  In practice, counting gill rakers on postlarvae is 

not recommended since they are not yet fully developed and 

may vary in number and size.  Counting anal and dorsal fin 

rays proved difficult as well.  A great deal of overlap ap- 

peared.  For these reasons, in this investigation they have 

been lumped together into one group and called Paralichthys 
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species.  These flounders, particularly the southern and 

summer flounders, are of great economic importance in North 

Carolina, supporting an extensive commercial and sport fish- 

ery. 

ABUNDANCE 

Larval Paralichthys sp. first appeared in Wrightsville 

Beach samples in mid-November, but did not increase in abun- 

dance until early February (Fig. 26).  They were still pres- 

ent by the end of March, though they were less numerous than 

during the peak period of February and early March.  Those 

identified as P. dentatus never became abundant, but did 

increase in numbers at the end of March.  Hildebrand and 

Cable (1930) found larvae under 5 mm from September to May, 

with a peak abundance in November and December and consider- 

able numbers yst in March.  These smallest larvae were taken 

much more frequently offshore than in the Beaufort estuary. 

From these findings they concluded that Paralichthys spawns 

principally at sea and the young swim shoreward as they de- 

velop. 

GROWTH 

One 7 mm Paralichthys was captured at the Inlet station 

as early as November (Fig. 27). Though few specimens of P. 

dentatus were caught, an increase in size from 15-18.6 mm 

occurred from early February to the end of March. The mean 

size of specimens of P. species also increased consistently 

from 11.4 mm in December to 14.4 mm in February and 17.6 mra 

at the end of March.  That represents a 2.1 mm per month 
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rate of growth for that period.  Hildebrand and Cable (1930) 

found few individuals in the 15-25 mm size range in plankton 

tows.  The same was found at Wrightsville Beach.  Those 

authors found Paralichthys in that size range much more 

frequently on the bottom, apparently beginning to adjust to 

the adult mode of life. 

UNCOMMONLY OCCURRING SPECIES 

Of the total 2,792 larval fish collected during the 

ten month period from June 197? through March 1978, only 

209 individuals (7.5% of the total) were not represented 

in the seven families already discussed.  However, from 

these 209 specimens, representatives from 21 families and 

28 different species were found. Only four were left 

unidentified and five were identified only to the family 

level.  The rest were identified either to the genus or 

species level.  The monthly abundance of each is recorded 

in Table I.  The tonguefish, Symphurus plagiusa, and the 

green goby, Microgobius thalassinus were the most abundant 

representatives of this group.  Those appearing only one 

time during the entire period included the southern hake, 

Urophycis floridanus; the seahorse. Hippocampus erectu3t 

the striped blenny, Chasmodes bosquianusi and the feather 

blenny, Hypsoblennius hentzi. 

EFFECTS OF ENVIRONMENTAL CONDITIONS ON ABUNDANCE 

There are many environmental factors that can affect the 

larval fish populations throughout the year in the Wrights- 
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ville Beach area.  Among these are salinity, water tempera- 

ture, lunar phase, current velocity, water depth, turbidity, 

bottom type, wind speed and direction, cloud cover, and re- 

cency of storms (Williams and Deubler 1968),  Many of these 

environmental influences were recorded during this invest- 

igation, but only water temperature, salinity, and lunar 

phase will be discussed here. 

WATER TEMPERATURE 

The temperature of the water was recorded at each sta- 

tion throughout the study to determine its influence on 

larval fish in the area.  Figure 30 shows the changes in 

the mean water temperature during the study.  It increased 

from 25 C in early June to the highest temperature recorded 

(29°C) in mid-July.  From that point, the temperature con- 

tinued to drop until it reached its lowest point (4°C) in 

early February.  The water temperature then rose gradually 

to 12°C in late March when the study ended. 

During this period of increasing, decreasing, and again 

increasing water temperature, 41 species of larval fish ap- 

peared in the collections from the estuary.  The question 

arises as to what is the predominant factor in the movements 

of these larval fish.. A number of authors have supported 

the notion that water temperature has the most widespread 

effect on marine animals, particularly those in temperate 

regions that spend at least part of their lifetime in shallow 

waters.  Using the data on the abundance of some of the com- 

monly occurring species in this area, tests were made to see 
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if the changing abundance correlated well with the changing 

temperature. A coefficient of correlation was calculated 

for each of ten species during the period they appeared in 

surface tows.  The results are recorded in Table III. Good 

correlation (a value approaching i.O or.-1.0) was evident 

only in the two species of Paralichthvs.  This occurred in 

Paralichthys sp. because they appeared and became gradually 

more abundant as the water temperature was descending to its 

lowest point in February.  Therefore, a negative relationship 

was observed because larval abundance increased as the temp- 

erature decreased.  The correlation coefficient of Paralich- 

thys dentatus, however, was positive since it first appeared 

in February when the temperature was low and increased in 

abundance as the temperature rose in March.  Bairdiella and 

Anchoa hepsetus demonstrated some negative correlation since 

they both decreased in abundance in the spring when the temp- 

erature was rising.  It appears that fair to good correlation 

occurs only in larval fishes that are present in the estuary 

for only a short period of time during the year.  Those that 

spend a good deal of time in the estuary (long enough for the 

temperature to go both up and down) lose any chance of cor- 

relation unless the peak spawning period happened to occur 

during the time of the year when the temperature was highest 

or lowest. 

SALINITY 

Salinity was recorded at each station during sampling 

at Wrightsville Beach.  A Hubbs-Hubbs diagram was construct- 
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ed for each station to illustrate the mean salinity, the 

standard deviation, and the range of salinities recorded 

there (Fig. 30).  From these diagrams it is evident that a 

slight decrease in mean salinity occurs with increased dist«r*« 

from Masonboro Inlet.  T-tests were made to determine whether 

or not these differences were statistically significant. 

The results appear in Table II.  The salinities recorded at 

each station were tested against those of every other station. 

None were found to have a significant difference at the 

95$ confidence level.  Differences in species composition 

from station to station is therefore not attributable to 

differences in salinity. 

LUNAR PHASE 

Samples were taken during every phase of the moon, but 

were taken most often during periods of new and full moons. 

Williams and Deubler (1968) collected more postlarvae of 

Paralichthvs dentatus during periods of new moon than during 

periods of full moon.  Correlation coefficients were calcu- 

lated on the same ten species to see if a similar difference 

in abundance could be observed (Table III).  Only one species, 

Anchoa hepsetus. demonstrated 9W correlation, and that be- 

cause it was present for such a short time in the collection 

period.  It is possible that some correlation does exist be- 

tween abundance and lunar phase, but none was demonstrated 

using this test. 
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DISCUSSION 

A number of questions about the ichthyoplankton of the 

Wrightsville Beach area remain unanswered at the termination 

of this study.  These gaps in the knowledge can be filled 

only by further sampling using a number of techniques that 

were beyond the scope of this investigation. 

Larvae from many species in this study did not appear 

in the estuary plankton until they were greater than 10 mm 

in length.  This lead to the conclusion that these specita 

spawned in the ocean, and oftentimes Hildebrand and Cable's 

(1930, 1938) oceanic sampling substantiated these conclusions, 

Some sort of oceanic sampling program needs to be under- 

taken to find out how far from shore these species really 

spawn and what months they begin and end their spawning in 

this area. 

Through the collections made at Wrightsville Beach and 

reports of other authors, it was discovered that the larvae 

of many of these species spend a substantial amount of time 

on or near the bottom.  Surface tows are not sufficient to 

determine growth and abundance of the larvae during these 

times.  A bottom-sampling program needs to be undertaken to 

determine the changes that these species undergo during that 

stage in their life-history. 

Williams and Deubler (1968) found a greater abundance 

of ichthyoplankton during nighttime tows than during daytime 

collections.  For that reason tows were made strictly at 

night in this study.  Combining daytime and nighttime sam- 

pling with surface and bottom tows would supply abundant 



27 

information on the vertical migration patterns of these lar- 

vae. 

The final missing block of information deals with the 

silversides in the family Atherinidae.  As previously men- 

tioned, the silversides are highly abundant in North Caro- 

lina estuaries and are probably found as often as anchovies 

in the stomach contents of large,predatory commercial and 

sport fish (Hildebrand and Cable 1930).  However, only one 

larval specimen and a few juvenile silversides were captured 

in this study (Table I).  A recent paper by Lindsay, Radle, 

and Wang (1978) revealed that 92-100# of the larvae of sil- 

versides dwell in the upper 5 cm of the water column.  Most 

0.5-1,0 meter diameter plankton nets sample only 3%  of this 

microhorizon as they are pulled along with the top of the 

net just breaking the surface according to those authors. 

By using nets such as they describe, sampling of the upper 

microhorizons needs to be undertaken to determine the abun- 

dance of this economically significant group of fish as well. 

These and other questions need to be answered to obtain 

a comprehensive understanding of the habits of the ichthyo- 

plankton in the area. 
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APPENDIX I 

FIGURES AND TABLES 
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Fig. 16 - Abundance of larval Striped mullet (Mugil cephalus) in 
the Wrightsville Beach area 1977-1978. 



^5 

HI 

z 

> 
< 

V 

N- t3 

N--1 

N:2 

N--H 

•r 
h 

10 

-T— —I— 
10 15 

—r- 

Jo 

Total Length (mm) 

Pig. 17 

35 

Hubbs-Hubbs diagrams showing mean length, range, sample 
size, standard deviation, and standard error for Striped 
mullet (Mugil ceohalus) in the Wrightsville Beach area 

1977-1978. 



46 

i»o 

<J)0   - 

I 

#•« 

;v. -, 

Y>o- 

■ 

^\ 

JUN 

fi 
is ti 

OCT 

n i 

NOV 

 r- 

DEC 

i 

JAN 

\ r~ 
7       2.1 

FEB 

T rj 
7        i7 

MAR I APR   I MAY 

?ig. 18 - Abundance of larval gobies less than 11 mm (Gobiosoma sp.) 
in the Wrightsville Beach area 1977-1978. 



f.o- 

0 ' 

*7 

~t     K, 

—TT~ 
H II 

I : i 
S H  19 

—r- 

2 2. 

JUN  JUL  AUG  SEP  OCT  NOV ! DEC  JAN  FEB  MAR  APR  MAY 

r 
14 

T —r 

Fig.   19 - Abundance of larval Naked goby  (Gobiosoaa bosci)  in 
the Wrightsville Beach area 1977-1978. 



48 

■ »■•  ■—- 

JUN l 

—i— 

2.2. 

DEC 

—T" 
IS 

JAN 

T 1  
7  II 

FEB 

-r 
27 

MAR APR I MAY 

Pig. 20 - Abundance of larval Seaboard goby (Gobiosoma ginsburgi) 
in the Wrightsville Beach area 1977-1978. 



49 

3D 

u 

« 
H:l 

* = * 

H N-10 

m 

mzi 

H: 2 

N-27 

1 
-|— 

i 1 13 17 18 
-r~ 
is 7 15 

Total Length (mm) 

Fig. 21 - Hubbs-Hubbs diagrams showing mean length, range, sample 
size, standard deviation, and standard error for gobies 
less than 11 mm (Gobiosoma sp.) in the Wrightsville Beach 

area 1977-1978. 

—*** 



50 

V 
J 

n 

T 
ill 

h 

5 

r 
r?Mi 

7A 1   N-.7 

H'3. 

r-rt% N--13 

m N-- V* 

""l- 

» 
-1 

7 

—r 
it IX 

—I— 

13 

-i— -1— 

IS 17 

—r- 
i1 

T 
2« II 

Total Length (mm) 

Fig. 22 - Hubbs-Hubbs diagrams showing mean length, range, sample 
size, standard deviation, and standard error for the 
Naked goby (Gobiosoma bosci) in the Wrightsville Beach 
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Fig. 28 - Hubbs-Hubbs diagrams showing mean length, range, sample 
size, standard deviation, and standard error to demonstrate 
growth of Summer flounder (Paralichthys dentatus) in the 

Wrightsville Beach area 1977-1978. 
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'IDAE 
galops atlantica 1 1 

'ILLIDAE 
iguilla rostrata 1 1 

:KTHIDAE 
/rophis punctatus 1 3 2 3 7 
1D0NTIDAE 
modus  foetens 3 
.DAE 
•ophvcis  floridanus 1 

DIIDAE 
ihidion welshi 2 1 

INODONTIDAE 
indulus heteroclitus 1 3 
,ndulus  ma.ialis I 
]R IN I DAE 
■mbras martinica k 1 2 
'nidia menidia 6 2 
INATHIDAE 
msnathus  louisianae 2 1 1 1 1 
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MATEIDAE 
prilus  sp. 2 
nrilus paru i ) i 
LIDAE 
ionotus sp. 5 1 1 1 
:^notus  scitulus 1 
IDAE . 
tharichthvs spilopterus 1 1 
ciohthalmus  aquosus 3 i 
^LOSSIDAE 
mphurus plaeiusa 22 12 3 3 8 1 
STIDAE 
nocanthus hispidus 1 l 
2NTIFIED 3 1 
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TABLE II 

The calculated values of T-tests run on the salinities taken 
at each of 4 stations against the salinities at the other 
three stations from June 1977 through March 1978 in the 

Wrightsville Beach area. 

STATIONS COMPARED T-VALUE TABLE VALUE 

Bridge - Tops 0.876 2.02 5 

Bridge - H. House 1.147 2.025 

Bridge   Inlet 1.962 2.025 

Tops - H. House 0.361 2.02 5 

TODS - Inlet 0.934 2.02 5 

H. House - Inlet 0.410 2.025 

TABLE III 

Correlation coefficient values determining the degree of 
correlation of lunar phase and water temperature with the 
abundance of ten species of larval fish caught between June 
1977 and March 1978.  Nearness to 1.0 denotes good correla- 

tion. 

Species 

CORRELATION COEFFICIENT 
"r" 

Water 
Temperature 

Lunar 
Phase 

Brevoortia tyrannus .641 .407 
Anchoa sp. .685 .079 
Anchoa hepsetus -.685 1.000 
Anchoa mitchilli .301 .338 
jLagodon rhomboides .441 -.156 
Bairdiella chrvsura -.788 .753 
Leiostomus xanthurus -.055 -.167 
tficropoeon undulatus .624 -.483 
iobionellus boleosoma .098 -.218 
Paralichthys sp. -.823 -.440 
Paralichthys dentatus .945. .54if 
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