Old Dominion University

ODU Digital Commons

OES Theses and Dissertations Ocean & Earth Sciences

Spring 1973

A Seasonal Distributional Survey of the Epiphytic Diatoms of the
Outer Banks Region of North Carolina with Respect to
Temperature and Salinity

Charles Welles Belin Jr.
Old Dominion University

Follow this and additional works at: https://digitalcommons.odu.edu/oeas_etds

0 Part of the Oceanography Commons

Recommended Citation

Belin, Charles W.. "A Seasonal Distributional Survey of the Epiphytic Diatoms of the Outer Banks Region of
North Carolina with Respect to Temperature and Salinity" (1973). Master of Science (MS), Thesis, Ocean
& Earth Sciences, Old Dominion University, DOI: 10.25777/tz93-t886
https://digitalcommons.odu.edu/oeas_etds/335

This Thesis is brought to you for free and open access by the Ocean & Earth Sciences at ODU Digital Commons. It
has been accepted for inclusion in OES Theses and Dissertations by an authorized administrator of ODU Digital
Commons. For more information, please contact digitalcommons@odu.edu.


https://digitalcommons.odu.edu/
https://digitalcommons.odu.edu/oeas_etds
https://digitalcommons.odu.edu/oeas
https://digitalcommons.odu.edu/oeas_etds?utm_source=digitalcommons.odu.edu%2Foeas_etds%2F335&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/191?utm_source=digitalcommons.odu.edu%2Foeas_etds%2F335&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/oeas_etds/335?utm_source=digitalcommons.odu.edu%2Foeas_etds%2F335&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@odu.edu

A SEASONAL DISTRIBUTIONAL SURVEY
OF THE EPIPHYTIC DIATOMS OF THE
OUTER BANKS REGION OF NORTH

CAROLINA WITH RESPECT TO TEMPERATURE

AND SALINITY

by

Charles Welles Belin, Jr.

A THESIS
submitted to the Institute of Oceanography,
01d Dominion University, Norfolk, Virginia,

in partial fulfillment of the requirements
for the degree of

Master of Science

April, 1973

Committee

Chairman
.\Dre Jacqugs S. Zaneveld

Dr. Harold G. Marshali~

Dr./ﬁohn C. Ludwick



ACKNOWLEDGEMENT

I would like to acknowledge and gratefully thank for their careful
reading, -and thoughtfui help in the preparation of this thesis the
following persons: Dr. Charles We. Reimer, Academy of Natural Sciences,
Philadelphia, for his assistance in the identification of some species;
Dr. Harold G. Marshall, for his kind criticism and the use of equip-
ment of the Biology Department, 0l1d Dominion University; Dr. John C,
Ludwick, Director of the Institute of Oceanography, 01d Dominion
University, for his help with statistical expressions; and Dr. Jacques
S. Zaneveld, Institute of Oceanography, 0ld Dominion University, for
his continued diréction and critical help at all phases of this thesis.
Of particular assistance in the proofreading of this report have been

Nancy I. Belin and Constance R. Belin. Additional thanks go to Susan

P, Rasmussen for the typing of this reporte.



ABSTRACT

This study was initiated to investigate epiphytic diatoms at
selected stations along the North Carclina coast and bay region. The
relationships between :these organisms and the season of the year and
salinity and temperature of the water in which they were found are
considereds The special affinity between the epiphytic diatoms and
their host plants is also discusseds The specific data were analyzed
statistically via linear correlation <oefficients, graphs of least
squares-best fit, and multiple linear regression analysis.

From the statistical tests, it was found that the mean number of
epiphytic diatoms shows a significant multiple linear regression with
respect to the pooled effects of salinity, temperature and season of
the year. There appears to be a direct relationship between the
presence or absence of Synedra pulchella and Cocconeis scutellum.

There is indicated a direct relationship between the number of
diatoms present on any particular host and the surface configuration
of that host.

In the limited area studied there is a pronounced gradient of
epiphytic diatoms that appears to follow not only latitudinal but also
seasonal and grazing pressures.
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Figure 1¢ Thesis study area: Stations are numbered arbitrarily.
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I. PROLOGUE.

A 13 month study of the epiphytic diatoms occurring in the upper
eulittoral zone from Rodanthe to Waterlily, North Carolina, was under-
taken from June, 1971 to July, 1972. During this period, samples were
recovered from each station during September, 1971, January, March,

April, and June, 1972. These were preserved in buffered fornaldehyde

and treated according to the Swift (1967) method, as modified by Belin

and Zaneveld (1972), to strip the available diatoms from the host plant
partse These diatoms were examined, identified, and photographed.

Some physical data of the water at each station were taken and many
meterological conditions were noted,

Epiphytic diatoms are common inhabitants of the marine coastal and
estuarine habitats. Extensive algal and diatomaceous studies have been
reported from New Jersey northward and from Beaufort, North Carolina,
southward (Hoyt, 1920; Williams, 1948; Hustedt, 1955; Patrick and
Reimer, 1966). The epiphytic diatoms of the outer banks region have
been studied little (see page 17). Possibly they represent a bio-
logical index to changing environmental conditionse.

The particular region of the North Carolinian Outer Banks as a
study area was selected for three reasons. First, the area of a barred
estuary provided a variety of enviroumental niches in which the occur-
rence of diatoms could be correlated with regard to their substrate,
the host plants. Hence, two stations were established on sandy,
neritic beaches; one was an ocean inlet to a sound; three were estuar-
ine; and three were estuarine-lacustrine. Seccnd, the location of

these stations was accessible by means of the available research
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facilities to permit facile and frequent collectionms. Lastly, and
perhaps most important, these stations represent an area that has not
been widely studied in the past. Nonetheless, the Outer Banks region
is an algal transitiofal zone comprising, during portions of the year,
salinity and temperature characteristics of cooler North Atlantic
regions due to the Labrador Current, of subtropical regions provided
by the Gulf Stream influence, and combinations of these due to their

mixing (Huwm, 1968).

II. IDENTIFICATIGY OF MACROCSCOZIC ALGAE AND DIATONS.

The identification of the various macroscopic benthic algal and
marine hosts that vere collected during the period was based on Taylor's
(1964) standard text. ‘hanerogamic hosts were identified using the

* text of Gleazscn and Cronquist (1963). Preliminary identificaticns of
diatoms were made using Peragallo (1897) and Hustecd: (1930). Sub-
sequently, the species were compared with the standaxd and type
collections of the Limnology Department, Academy of Natural Sciences,

Philadelphia.

JII. DESCRIPTION OF COLLECTION AREAS,

The Pamlico~A1bemarle—Currituck Sound complex alnag with the
associated waters occupies a '"drowned” porticn of the North Carolina
Coastal Flain region (Pickett and Ingram, 1249; National Esruary Study,
1970). RNumerous rivers and creeks feed into this challow basin where
fresh and salt water mixe. This barred estuary comprises the second
largest estuarine complex on the east coast of the United States (the
Chesapeake Bay, an open estuary, being the first)., It extends for a

distance of 272 ki and hac a maximus width of 48 k.




13

Ecologically, the area is primarily controlled by the freshwater
inflow from the river systems of the region, which mix with the salt
water entering via Oregon, Hatteras, and Ocracoke Inlets. In this
regicn are 2 varietx of bottom types, wind and oscillating tidal

currents, and unidirectiocnal freshwater flow bringing nutrients from

s
the uplands. These factors contribute to the biological productivity
of the area (National Estuary Survey, 1970).

The survey area is characterized by shallow water which raanges
from a maximum depth of 2 meters in Currituck Sound and 6 meters in
Pamlico Sound to only a few centimeters on thie myriad of shoals. The
substrate near the mouths of rivers and at the head of Currituck Scund
are composed primavily of mud and organic debris. The deeper regions
of Albemarle and Currituck Sounds are characterized by sand and mud
bottoms. The ocean beaches are exclusively quartz sands. The shoal
areas are comprised of mud and sand flats (Pickett and lngram, 1969).

Numerous authors (Pickett and Ingram, 1969; Roelcfs and Bumpus,
1953) have observed there to be little or no lunar tides in the sounds
except in and near the inlets. Currents dimiunish quickly as one prc-
ceeds into the scunds. Tidal heights vary from a few centinmeters in
thie more restricted veglons to a maximuwn of one meter near the inlets.

The lunar flood tides found near the inlets transport iato the
estuarine reglons the salt water of the coastal areas. Vertical mixing
with river water produces low salinity gradients that range frow fresh-
water in the backwater reaches of Currituck Sound to coastal saltvwater
in the inlets (Hobbie, 1969),

The region has a temperate climate. January has the lowest mean
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air temperatures are similar to the surface water temperatures recorded
on the ebb and the flood tides in the inlets (National Estuary Survey,
1970). The average annual rainfall is between 114.3 and 127,0 centi-
meterse §

The diversity of species and high productivity of the area make
it important economicallys. First, there are numerous commercially
productive oyster beds in the shallow waters near the mainland from
Albemarle Sound south to Pamlico Sound. Salinity ranges from 10 to
30 °/oo, and there is a firm substrate. Besides oysters, some clams
and bay scallops are in the region.

Second, the numerous waterfowl nesting areas (Pea Island aznd
Knotts Island) within this region draw tourists and hunters and serve
as economic potential,.

Third, in this region is a shrimping and crabbing industry based
at Wanchese that has develcped over a million dollars revenue during
the period 1959 to 1963,

Lastly, the commercial and sport fishing industry of this region
provides a large source of income, coming from the sale of the fish
caught, and from the resulting tourist trade (XNational Estuary Study,
1970).

Thus, this area is economically important. Utilization of the
area by the public will increase in the future. If it is to retain
its productive nature, it is imperative that studies be conducted on
those organisms which are readily affected by adverse conditions,
which contribute to the primary productivity of the area, and on which

larger organisms feed.



To this primary productivity, the epiphytic diatoms are likely to
contribute significantly (Raymont, 1963; Wood, 1965). Although esti-
mates, both quantitative and qualitative, of the utilization of the
epiphytes by larger organisms have been made, no consideration has been
made for zooplankton grazing nor for those epiphytes that have been
mechanically removed from their host (Wood, 1965). Thus, in an effort
to study the development of the primary production of phytoplankton,
it is wise to learn as much as possible about the members of the epi-~
phytic plants, including the epiphytic diatoms. Knowledge of their
distribution with respect to temperature and salinity over a year's
cycle should provide additions to our understandirg of the cenditions

of this region.
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I. STUDIES OF EPIPHYTIC DIATOMS,

One of the earliest studies of epiphytic diatoms began with the
work of Cleve (18%9). This work was a successful examination of oune
class, the Raphideae. Cleve's identifications are based on morpho-
logical characteristics which occur in the greatest number of species,
among them frustule shape, striae number, and symmetry. He discounied
the prior identification criteria that are obvious on examirnation but
which may be found only in a limited number of species.

Cleve stated that it is not correct to distinguish species that
are strictly epiphytic and others that are strictly free-floating,

Such a distinction, he feels, is based or the fact that "many of the
attached or enclosed forms also live in a fres state; and that there

are frequently very slight differences between species, which live
attached or enclosed, and others which may never occur in such a staze."
Therefore, he regards "as a characteristic of very little importance

the mode of occurrence in free or attached state" {Cleve, 1894),

Patrick's 719428) study of diatoms was an extremely useful compila-
" tion of the work of uumercus authors since Cleve's (1894) publication
on the naviculoid diatoms. A general discussion of the important
ecological facrors affecting diatoms is presented, followed by separate,
limited portions dealing with such parameters as salinity, temperature,
viscosity, light, depth, and nutrients. At the time of publication,
it would appear that Patrick had procduced the best publication cn the
factors controlling the distribution of diatows. Her work places emphasis

on "all phases of the ecology of living diatoms from all environments"
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(Lohman, 1957).

Patrick (1948) makes specific reference to epiphytic diatems in
her report on the distribution of these organisms. She indicates that
the epiphytic mode of life must be considevred and, in her report, a
specific category is created for those "which attach themselves by a
secretion of jelly tc the substratum”, Some of these organisms may
use this mucous as a cushion, as in the genera Cocconeis and Achnanthes;
others employ a stalked structure at the end of which are found the
diatoms, as in the genera Cymbella and Licmophora. She indicates that
the most common sites for attachments are rocks, algae, marine fungi,
Sphagnum, and many of the higher aquatic plants.

Castenholz (1960a, 1960b, and 1963) refers to a number of epi-
phytic diatoms. He describes the denuding of ntmerous concrete blocks
and their subsequont recolonization by species of Rhodophycophyta,
Fhaeophycophyta, aud Lacillariophycophyta. This recoleonization study
is interesting from the aspect of adaptability of these orzanisms.

There is recognized a specificity of some epiphytic diatoms for

'particular plants, espociaily for algae (see also Aleem, 1950).

Howaver, when forced by the denudation process, these supposed epi-
phytes readily attach to other nounfloral surfaces, such as the con=-
crete blocks (Castenholz  1960b).

Castenholz (1963) also indicates that the intensity of solar
radiation is the major factor in determining the upper limits of the
settling of diatom epiphytes,

Carpenter (1970) studied the epiphytic diatoms from oceanic

samples of Sargassum natans and S. fluitans. His investigations
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found a rich community of eight species of Mastogloia, and one species

each of Cyclotella, Cocconeis, Nitzschia, Svnedra, and Navicula (see

Figures 4 and 18)., Carpenter offers a possible explanation for this
rich community where nutrients of the aquatic environment are rela-
tively low (i.e.,'the Sargasso Sea)e. He found that the nutrient
concentration in very close proximity to the Sargassum plant is two
to three times higher than in the adjacent waters, and he indicates
that "it is possible that the Sarpgassum acts to provide a favorable
enviroumen: for epiphytes”.

An extensive study of the seasonal variation in the littoral
epiphytic flora of the Ouse estuarv in England was completed by
Hopkins (1964). He concluded that the single major factor in the
death of intertidal epiphytic diatoms was "the (high) air temperature
in conjunction with desiccation". He indicated that although the heat
may not be deadly to the organisms, the desiccation produced and
accelerated by the higher temperature was tantamount to death.

In view of some of the chemical and physical measurements taken
from this estuary, it would appear that the environmental conditions
of the Ouse are comparable to many areas of the Outer Banks regiou,
under examination in this paper. During the late winter, 1954, the
salinity range in the Ouse varied between 20 °/oo and 29°/oo, while
during the summer, after heavy rainfall, this value fell to 9 °/oo.
The air temperature values ranged between -9.0°C in the winter and
33,0°C during the summer. Sea surface temperatures varied between the
winter low of 5.0°C to a high of 17.7°C in August of 1954, The sub-
strate examined were concrete blocks, chalk banks, wood, and species

of macroscopic beathic algae.



Although Castenholz (1963) noted that a preliminary study of
diatoms epiphytic on large algae showed no pattern of interest, Hopkins
(1964) indicated that the occurrence on the host plant shows a definite
pattern of succession and distribution with respect to exposure. In
particular, a listing of abundant and lesser found species attached

to Fucus sniralis, Fucus vesiculosus, Fucus serratus, Dictyota dicho-

toma, Enteromorpha spp., Ulva lactuca, Cladophora rupestris, and Cera-

mium rubrum is presented.

One of the dominant presence and absence factors offered by Hopkins
(1964) is the average alr temperature which influences a widespread
decline in the frequency of a number of littoral epiphytic diatom
species. He found that, while attached to algae, the following

temperatures produced declines in the numbers of epiphytic diatoms:

DIAT(HM SPECIES °C
Fragilaria striatella 18 - 20
Melosira moniliforais 18 - 20
Melosira nummuloides 10 - 15
Grammatophora marina 20 - 22
Achnanthes brevipes Surmer Maximun
Licmonhora (5 spp.) Summer Maximum
Synedra (4 spp.) 20 ~ 22

Table 1. Temperaturzs producing declines in numbers of some diatom
speciess
Among the diatoms epiphytic on algae, the most common were Melosira

moniliformis, Grammatophora marins, numerous species of Licmophorz, four

species of Synedra, and Striatella unipunctata (Hopkins, 1964).

Hopkins divides the epiphytes into three categories based on their
habit. The first group includes the filamentous forms such as Fragil=-

aria and ilelosira that may attach directly to the substratum or may be
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found in association with the algae or the substratum. Second, there
are numerous solitary forms such as Cocconeis and some species of
Synedra attached to the host plant. Lastly, one may distinguish the
free~solitary diatom§ of the mud that are thought to be carried to the
region of recovery through the efforts of the tide. It is felt by
Hopkins that these forms are to be considered true epiphytes due to the
accumulation of silt and mucilage by which they attach themselves, and

also to their recovery from algal thalli.

II., FRUSTULE CLEANING METHODS,

In order to facilitate the identification of diatoms, the encrust-
ing growth must be removed. Numerous pieces of detritus as well as
fungi and members of the Cyanophycophyta may obscure the detailed
structure (Patrick and Reimer, 1966)., The method must be carefully
controlled to prevent the destruction of the less silicified species
found in tropical waterse.

Many processes are explained by Van Heurck (1896), and Boyer (1916),
.ranging from boiling in nitric acid, sulfuric acid, and hydrochloric
acid (Van Heurck, 1896), to boiling in a water bath with brown soap
(Boyer, 1916) and digesticn with pancreatin (Swift, 1967).

In spite of these proacedures, a new mechanism for cieaning the
frustules and destroying the organic material on them has been devel-
oped. Armstrong, Williams, and Strickland (1966) found that after
twelve hours of irradiation from an ultraviolet lamp, the encrusting
material had been oxidized.,

This procedure of oxidation via uitraviclet irradiation was

further modified by Swift (1967) in the praparation of frustules for
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electron microscopye. Swift added five drops of 30% HZOZ per fifty
milliliters of diatom sclution. He placed this new solution "six centi-
meters from an air~cooled 1200 Watt mercury arc lamp of thirty centi-
meters length. The. temperature in the tubes did not exceed 61,0°C
during irradiation”. It was found that only two hours of irradiation
was needed to clean thoroughly the frustules. It is unfortunate that
Swift makes no mention of the wave-lengths from his lamp.

Carpenter (1970) in his examination of the epiphytes on Sargassum

natans and S. fluitaus used Swift's method to strip these diatoms from

L LI o'

the algae. He found that this procedure worked well and that "after
oxidation, Sargassum was visibly eroded and attached diatom frustules
were releasaed into the water".

Belin and Zaneveld (1972) also examined the attached diatoms fouud
on Sargassum. This was performed on a quantitative as well as qualicz~
tive level. It was found that the Swift method provided za efficient,
fast, and simple means for recovering nearly all diatoms. An averuge
of 96% of the diatoms were stripped from the plant parts irradiated.
Belin (1972) also comments that "this procedure is easily moderated
to accomodate the more fragiie species of algae. lerely by increasing
oT decreasing the tihe of irradiation or the hydrogen peroxide concen-
tration, the fragile and the hardy algae can be treated equally."

The Swift wethod, as modified by Belin and Zaneveld (1572), and
as explained below, was used for the preparation of material in this

thesis,
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III. INVESTIGATORS OF THERMAL ADAPTABILITY OF DIATOMS,

Numerous authors have studied temperature reactions of organisms
and have reported its effect on their distribution (Setchell, 1920a;
Zaneveld, 1937; Chapman, 1962; Patrick and Reimer, 1966; Zaneveld,
1969).

Setchell (1903, 1920a, 1920b) examined the effects of temperature
on algae. One of his important concepts described algal species being
confined via temperature to specific isotheres (the mean maxima for the
hottest month) of 0%, 10°, 15°, 20°, and 25°C., He also felt that
consideration should be given to isocrymes (lines of equal mean minima)
of 0°, 10°, 15°, 20°, and 25°C, as demarcation points in marire flora.

Both Setchell (1920b) and Patrick (1948) indicate that a species
will be found in a particular temperature zone which is not only most
compatible with reproduction but also has its greatest effect in the
germination of spores.

Bernatowicz (1958) comments on how Hopkins expanded this tempera-
ture relationship with reproduction to include four combinations in
which temperatures limit aquatic floral distribution. Patrick (1948)
indicated that the higher the latitude, the more species and individuals
abound in the plankton, although many excepticns reveal that higher
latitudes are no more productive arnually than similar areas in lower
latitudes.

Pratt (1959) concludes that the seasonal dominance of many species;

especially Skeletonema costatum, can be correlated with temperature,

indicating thermal preferences, both eurythermal and stenothermal. It

would seem that Setchell (1920b) might take exception to the abundance
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of eurythermal organisms.

Pratt further states that the flowering of diatoms found in Narra-
gansett Bay rmust necessarily precede the establishment of vertical
mixing in the water column.

Castenholz's (1963) study of the vertical distribution of littoral
marine diatoms indicated that their limits were controlled by the conse=-
quences of exposure to insolation - namely desiccation, high tempera-
ture, high light intensity, and ultravioclet radiation. Further, the
degree of exposure to direct solar radiation during low tide was the
most critical factor in determining this upper limit as well as the
density of the diatom cover and the enumeration of species.

According to Hopkins (1964) the numbers of epiphytic diatcms were
not affected by lcw seawater temperatures (4,4°C) provided there was
no death of the host. However, when the temperature in the spring
rose above 6.0°C there was a pronounced increase in the number of these
eplphytes.

Hopkins indicated that for Fragilaria, ltelosira, and Grammatophera

serpentina, the maximum air temperature was the direct controlling
factor with respect to distributione. Temperatures above 20.0°C bpro-

i .
duced a dramatic decline in the frequency of Licmophora and Svnedra

species.

Zaneveld and Barnes (1965) stated, "The appearance and disappear=-
ance of (these) algae are closely related to the changes in temperature
of the surface waters.’' They imply that air temperature does play an

important role in the maintenance of algal growth.
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Chapman (1962) revealed that temperature is a major factor in bio-
geographical distribution of macroscopic algae. But his conclusion is
that this operates in an "all or nothing" manner in that the correct
temperature range permits reproduction and growth of the organism, If
this temperature range is not present, there is no reproduction.
Chapman does indicate though that certain species may be found in areas
incompatible to reproduction. This would appear to have a moderating
effect in that temperature may allow certain subtropical species, for
instance, to flourish in temperate or subtropical regions (Chapman,
1962; Zaneveld, 1966). This may be exemplified as either a vertical
migration along the shore face or an extension or reduction of geo-
graphical range during the seasons.

According to Humm (1969), the temperature of the surface waters is
the primary factor controlling the distribution of macroscopic algae
along the Atlantic coast of North America. His studies show that two
major geographical floral units are the suppliers of the inshore waters
of this area. One of these units is found in the tropics, bound on its
northern side by Cape Kennedy, Florida, and fed northward by the Gulf
Streame. The second unit is concentrated in the colder temperate waters
of the North Atlantic and has its southern boundary in the waters off
Cape Code It is fed southward by the Labrador Current., Humm states
that the macroscopic algal flora found between these regions is repre-
sentative of the temperature of the water in which they are found, be
it predominantly of a northern origin or of a southern origin.

Mulford and Forcross (1971) found that temperature played a signifi-
cant role in controlling the distribution of unicellular neritic algae

in Virginia coastal waters. The cycle of temperature, expressad as
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seasons, contributes towards the production of very high cell counts
per liter in the spring and early summer months - i.e,, May, June and
July.

Thus, temperature is considered by most investigators a factor of
prime importance iﬁ controlling the distribution of algal speciese.

However, there exists disparity as to whether air or water temperature

exerts the greater effect on intertidal organisms.

IV. INVESTIGATIONS OF SALINITY ADAFTABILITY OF DIATOMS.

Frequently, the growth effects of temperature on algae cannot be
separated from those of salinity. Salinity acts in many cases as a
bio-barrier to the zone-invasion of many species (Williams, 1948). As
indicated by Hoyt (1920) and later by Williams, salinity is one of the
major variables causing seasonal variations in the aquatic flora of
some particular regions of the sea. The area under investigation
experiences quite stable salinity ranges with respect to season changes.

Patrick's (1948) report of the conditions contributing to the
spatial distribution of diatoms desls with salinity in great detail.
She indicates that it is recognized that diatom species are specific
with respect to their salt requirements. In fact, an early classifica-
tion of these organisms wos made on the basis of this requirement.
Patrick discusses how Gran and Hjort pecinted out that the fluctuations
of diatoms noted in the Lemfjord region feeding into the North Sea was
predominantly due to the salinity gradient between these two regzions.
Patrick also recognized that ocean currents, having different salini-
ties from surrounding waters, often contain separate and distinct flora

communities which may retain their identity for thousands of kilometars,
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Thus, a predominance in March of Skeletomema costatum and Chaetoceros

socialis is succeeded in July by Rhizosolenia alatae As indicated,

this is most probably due to particular requirements of each species

for particular salinity, nutrient, and light conditions (Patrick, 1948),
Patrick (1948)udiscusses Kolbe's system of grouping diatcms accord-

ing to their salt needs. These were divided into polyhalobiens, eu-

halobiens, mesohalobiens, and oligohalobiens. Although this system was

successful, it became apparent that individual species of one genus

responded to different salt tolerances. Navicula longirostris is a

polyhalobien, needing salinities higher than sea water (i.e. 45-48 °/ou),

while Navicula cincta has its optimum condition in water with a very

low salt concentration (i.es 1-3°/00).

Whitford's (1956) report of algae indicated that in the springs and
spring streams of Florida, salinity is one parameter controlling the
distribution of diatoms. However, Whitford appears to be of the opinion
that the salinity cof the water operates in either a presence of absence
manner, allowing or preventing diatom development.

Pratt (1959) studied the phytoplankton of Narragansett Bay and
alluded to a dependence of the diatoms, as well as cther phytoplankton,
on salinity ranges.b tle noted that there is a stratification of rela-
tively higher salinity water along the bottem of the Bay's three
channels while the fresher waters remained at the surf{ace. This, he
thought, has a profound effect on the flora of the area.

An extensive floristic study by Castenholz (1960a and 1960b) was
undertaken in several saline and fresh-water lakes in the northwestern

United States. The relative salinity of these lakes was found to be

an extrenely important contributing factor in the distribution of
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diatoms (Castenholz, 1960b).

The study of the Ouse Estuary by Hopkins (1964) considered the
seasonal variation of epiphytic diatoms. Again, the implication is
that the salinity of the water has an "all or nothing" effect on the
diatoms allowing their growth at some concentrations and preventing it
at others. While Hopkins indicates this, he also feels that the effect
of temperature ranges, nutrient concentrations, and duration of insola-
tion modify the fundamental control by salinitye.

The contributions of Zaneveld (1937, 1964, and 1969) are note-
worthy in the area of delimitation of macroscopic littoral benthic
algae., He states:

“"The upper limits of algal zones in the eulittoral repion arz

primarily determined by the resistance of the species to loss

of water during midday exposure, by the effects of desiccation

upon metabollsm, Uy the ability to adjust thelr osmoregulatory

processes during the periods of exposure to the rapid changes

of salinity, and by the degree of tolerance to diurnal and

seasonal changes of air temperature." (Zaneveld, 1969).

Although in certain restricted regions, other parameters such as sub-
strate composition, neternslogical conditions, and pollutants may control
the distritution of diatoms, diurnal and seascnal temperature ranges, as
well as the influence of salinity changes, control their distribution
over a broad area, such as the east central coastal region of the YNorth
American continent (Zancveld, 1969).

Pickett and Ingrazm (1969) indicate that the salinity characteris-
tics of the FPamlico, Albemarle, and Currituck Sounds are extremely
stable over a yearly cycle, except for those inlet areas, expecially

Cregon Inlet.s This would allow greater proliferation of indigenous

species due to more constant water counditions (Wood, 1965),
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Carpenter (1970) studied the phytoplankton of the Cape Fear River

§
{
!

Estuary, North Carolinae. Although temperatures and salinities of the
region were taken for one year, there is little correlation with the
phytoplankton countse. Carpenter does indicate that the numbers of
diatom individuals'increased from upriver regions to downriver areas.
One could assume that the salinity also increased downriver, although
this fact is not presented.

The salinity values taken by Mulford and Yorcross (1971) with
phytoplankton samples of the shelf waters east (35 km to 130 km) of
Chesapeake Bay show seasonal fluctuations due to the variable land
freshwater runoff. Salinity maxima occur in winter months, which
typically have more diatoms than the spring or summer months when
salinity values are at a minimum.

The studies by Marshall (1969a, 1969b, and 1971) concerning phyto-
plankton distributions are accompanied by salinity and temperature
values of the shelf waters off North Carolina. Marshall (1971) has
listed a seascnal expression of the phytoplankton that are found in
these waters, which includes an indepth examination of the phytoplankton
successional patterns as seen in the central Atlantic states' shelf
waters. The impori%nce of salinity is evident in various distribution-
al matters. One of the important factors preseat in Marshall's study
is its inclusion of five years of data and collectionse The seasonal

vicissitudes were kept at a mininum.

V. CLASSIFICATION OF DIATOMNMS,
Numerous systems have been devised to classify diatoms (W. Smith,

1853; Ralfs, 1861; Schutt, 18963 Mereschowsky, 1901; Hustedt, 1930;
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Silva, 1962; Hendey, 1964; Patrick and Reimer, 1956). A1l but the latter
three are based on artificial characteristicse. Although the systems of
Silva, Hendey, and Patrick and Reimer cannot be considered completely
natural systems, these are far superior to those of the past.

Patrick and Reimer (1966) have used a combination of the classifi-
cation of Silva as well as that of Hendey in which the diatoms were
considered a single class of the Chrysophytae Their classification is
as follows:

Division = Bacillariophyta

Class = Bacillariophyceae
Crder - Fragilariales
Order - Eunotiales
Order - Maviculales
Order - Bacillariales
Order - Surirellales
Order -~ Eupodiscales
Order - Rhizosoleniales
Order - Biddulphiales

In this paper the author will use the Patrick and Reimer syvstem of

»

classification.
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I. RECOVE: OF HOST ALGAE,

Five trips were taken to the Outer Banks region of North Carolina
where samples of agquatic plants were obtained. Four samples of plants
from each of nine.stations were taken in September 1971, January, larch,
April, and June 1972,

These host plant samples were rinsed gently in distilled water in
the field to remove any pelagic or neritic diatoms that may have been
present, They were then placed in fifty milliliter plastic pharma-
ceutical vials to which were added three milliliters of buffered
formaldehyde and forty milliliters of distilled water to give a final
concentration of 6.84. The vials were then inverted numerous times to
thoroughly mix their contents.

After the collection of samples, the physical and meterological
data at the station were recordeds. Included were the salinity of the
water, the water and air temperature, the time of the collecticn, the
distance of the host plant from the high water mark, the percent of
cloud cover, the wind direction and speed, and the type of substrate
of the host. The time of high tide for the general area (Oregon Inlet)
was read prior to the collection in the current tide tables of the U.S.
Coast Guard.

The samples were then transported to the laboratorv,

IT. IBRADIATION OF THE SAMPLES,

In the laboratory, the formalin scolution was replaced with cdis=
tilled water. To this was added eight drops of thirty percent hydrogen
peroxide (HZOZ), The vials were filled with distilled water to cover

the plants. They were then placed approximately twenty-five centi-
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meters from a Raytech Ultraviolet Lamp (Model L3-7, 60 cycles, 115
volts, 0.35 amperes) and were exposed to both long and short ultra-
violet irradiation for a period of twouty-four hours. The simultaneous
wavelengths enitted were 404 nm, 383 nm - 338 nm, 312 nm - 310 nm, and
252 nm. During this time, the vials were periodically capped and
inverted several times to mix thernughly the contents and to insure
that all the host plaat surfaces received aquai irradiation.

At the eund of the twenty-four hour period, the host plants were
carefully removed from the vials and rinsed in distilled water. The
rinse watevr was allowed to flow back into the irradiation beakers. The
treated host nlants were placed in tared fPetri dish halves and were air
dried for seven days. The gram weights of the dried plants were detar-
mined to the fourth decimal place on a Mettler Aralytical Balance.
These weipghts were then recorded for use in the computation of the
diatom deusity per species of host plant.

The riused diatom solution was strained through a 1.5 mm mesh
sieve in crder to rid the solution of any minute pieces of algal thalli.
The diatom solution was allowed to settle in the irradiation beakers
for seven days to insure that the praeserved diatoms sank to the bottome
At the end of this time, all of the solution except for five milliliters
was suctioned from the vials, using a General Electric, one-sixth horse~
power vacuum punp with a negative pressure of six inches of mercury.

The concentrated diatom liquor was then placed in separate ten

milliliter vials for storage.



34

III. SWIFT METHOD OF CLEANING DIATOM FRUSTULES.

Since the characteristics of the frustule play an important role
in the identification of diatoms, a variety of procedures have been
used in the past to ciean them in order to facilitate their identifi-
cation (Belin, 1972).

Swift (1967) found that if irradiation with ultraviolet light was
combined with a strong oxidizing agent, such as hydrogen peroxide, the
frustules were cleaned effectively. Varying degrees and duration of
oxidation have been proposed for various amounts of growth on the
frustules. Quantitative methods of cleaning must be achieved so that
the more fragile species which tend to have less growth can be treated
less vigorously than the more encrusted ones.

The present author obtained superior results with Sargassum
fluitans recovered from the western North Atlantic, which was cleaned
by irradiation for a period of twenty=four hours with eight droos of
hydrogen peroxide per fifty milliliters of solution (Belin, 1972j.
Another result of this quantitative and qualitative study was that the
degree of oxidation of the algae thalli could be controlled merely by
increasing or decreasing either the time or irradiation or the concen-
tration of hydrogen peroxide.

The Swift method, as modified by Belin and Zaneveid (1972) was the

procedure employed for the preparation of material in this thesise

IV. PREPARATION OF PERMANENT MICROSCOPE SLIDZS.
From the stirred concentrated diatom solution, two drops were
placed on a cleaned coverslip according to the procedure outlined by

Patrick and Reimer (1966, page 95). This coverslip was aliowed to air
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dry. Clean glass microscope slides were prepared and labeled. On each
of these were placed two drops of Kleermount (toluene~based) Mounting
Medium (see Figure 2, page 39). These slides were examined and diatom

species were identified and counted.

V. PREPARATION OFvQERBARIUM SAIMFPLES,

Samples of the plants that were used in the irradiation procedure
were removed prior to this treatment and were used for voucher specimens.
While one of the four samples taken from each station was used for these
specimens, one was used for irradiation and two were kept as replacements
should accidents happen.

A complete set of voucher specimens is present in the herbarium of
the Institute of Oceanography, 0ld Dominion University, Norfolk, Vir-

ginia.

VI. IDENTIFICATION OF THE DIATOMS,

A binocular Bausch and Lomb phase contrast compound microscope was
provided by the Biology Department of 0ld Dominion University for the
examination of the diatoms. This microscope was equipped with an Ortho-~
illuminator which allowed variable intensity of light as well as sun-
light, red, aad green filtered light. Both light and dark phace ccn-
trast microscopy were used.

The permanent slides were examined under low power (50X) phase
contrast to determine the density of the organisms present. Following
this procedure, oil immersion phase power (1000X) was used to identify
the species, In addition to using the standard texts and atlases of

diatom collections for identification (Peragallo, 1897; Boyer, 1915;



36

Hustedt, 1930; Cieve-Euler, 1951; Patrick and Reimer, 19G6), comparison
of the specimens was made with the standard and type co0llections at the
Academy of Natural Science, Philadelphia, through the courtesy of Dr.
Charles W« Keimer. ‘

Using high-dry, phase magnification (450X) and a Whipple disc,
diatom counts were made in ten randomly selected fields on each pre-
pared slide. A movable stage was used to manipulate these slides under
the microscupe., Averages of counts were made to determine species
densitiese. Only whole frustules were counted, since positive identifi-
cation could rarely be made of the bits and pieces seen. The compound
microscope was cquipped with an integrated thirty-five millimeter
camera. Following identification using the cil immersion phase power,
the species were photographed using this camera. Since presentation
and preservation of these slides were paramount, these photographs were

made on negative, color film producing slides. Camera lucida sketches

were also made (see Appendix A).

VII. COMBINING STATIONS.

The temperature and salinity ranges of the nine stations, as well
as other meterological data, were examined at the 2nd of the collection
(see Figure 1). It was determined that because of the similar ranges
cof these parameters, the original nine stations could be combined to
four types. These were: (a) the Ocean Type, comprised of Statiouns 2
and 6; (b) the Sound Type, incorporating Stations 1, 4, 5, and 7;

(c) the Inlet Type, Station 3; and (d) the Quasi-Freshwater Iype, in-

cluding Stations 8 and 9.
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VIII. RESTRICTION OF COLLECTIONS,
At each of these stations, efforts were made to collect the host

algae belonging to the genus Enteromorpha,so that the correlation of

the specificity of diatoms for a particular host could be discounted.
This was not always possible - in fact at times there were no members
of the order Ulotrichales. In this case, and where a choice was
possible, the branched, cylindrical algae were chosen. In areas where
no algae could be recovered, aquatic phanerogamic plants were chosen,

i.e., Zostera marina and Myriophyllum pinnatum.




Figure 2:

Diagram of Preparation of Microscope
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X. CALCULATION Or DATA,

Using the definitiouns and calculations described below an estimate
was made of ¢ (1) the number of diatom individuals per “hipple disc
field, (2) the total number of individuals on a slide, and (3) the
number of individuals per unit dry weight of host plante.

Let X, indicate the number of individuals of a particular species

in any Whipple disc field of a prepared slide. One Whipple disc field

5
is 0.,0036 mm”~ at a magnification of 450X. The index, i, is a field

designator, and since ten «hipple disc fields were examined in each
& )
repared slide, 1 ranges from one to ten. Thus,
0
X =/1o 2
X =/i0 X
1y, -
5Ce 1

where X is an estimate of the number of individuals of a particular
species in an average field on a given slicde. Thus, for each species
identified on a given slide, a separate value of X is cbtained. Now

if the valtues of X for a given slide arve summed, an estimate of the
number of diatoms in an average “hipple disc field is obtained for that
slide. Let ¥ X denote the estimate of diatoms/Vhipple disc field.

By experimentation, it was found that when two drops of diatom
liguor weve placed on a covereslip, the area to which the drops srread
was a function of the height {rom which they were dropped. lHowever,
by fixing the height of the drop delivery tube at twoe centiiseters, it
was determined than z2a average dispersion area was 0.529 mmz. Thure
are 147 ihipple disc fields in oue dJdispersion srea. Hence, this
constant mulitipled times SX is an estimate of rhe number of individual

diatems in the dispersion srea of a given slides, Since there arc 129
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drops of fluid in 5 ml of fluid,

Q=(Zx)i147-120 Eq. 2
where (2 1is an estimate of the number of diatoms per 5 ml aliquot from
irradiation.,

To arrive at an estimate of the number of diatoms per unit weight
of a particular host plant, L 1is divided by the dry weight of ths hocst.

This new value 1s denoted by the symbol t.

XI. LINEAR CURRELATION OF DATA.
In an effort to determine whether there are correlatiocns anmong

salinity, water temperature, season, number of species, and number of

L

individuals, linear correlation coefficients and graphs of least cguaros~

best fit were preparcd, Those grarhs comdared the following palvs:

Station # (Latitude) vs. Number of Species
Z X vse Salinivy

=R vs. Temperature

Number of Species vs. Salinity

Number of Species vs. Temperaturc

Z % vso. Collection Season

For each of these pairs, five graphs were produced, cne for eaci
of the seasons - fall, winter, early spring, late spring,

The data pairs were fed into a «wwaroe 1655 desk computer which had
been programned by the author to yield best fit slope, y-intercopdt, the
correlaticn coeff{icient, r, and the Student T valuc.

The results of thase tests proved non-significant. The cerrela-

tion coefficients were low (between ~0.4C and 0.40). The T wvalues

o

were also low. At the accepted coufidence interval of 95 percent, th

T wvalue should nave fallen either below =2.306 or above 2.2058, In

53
)

et}

L

| . R L3 -
Dovween Lo23 ond =1 .05,

[
o}
o
v
(‘
(

D
ot
» 7
[~

-
-
<

fo)
o
(]
[
o
)



In the next section, the data are examined further using the

methods of multiple linear regression analysis,

42



A. First Selection
Independent variables -~ 1.
2
3.
Dependent variable -1,
Independent Std. Correlation
Variable Hean Dev. X VSe ¥
1. 16,77 12.35 0.21
2 17,66 447 0,12
3. 30,000,00 14,301.90 0.14
Dependent
Variable
1. 9.91 4,16
Intercept 4,36
Multiple Correlation 0.32
Stde Error of Estimate 4403

Analysis of Variance for the Regression
Source of Variation Deg. of Free,.

(see Table 2J

Number of Diatom Species

Regresse
Coeff,

0.09
.13
0.,00005

Sum of Sq.
78426
683,38
761.64

Salinity - exprossed as
Tempereture = expressed

4

Salinity - evpressad as °/oo
Temperature - expressed as ©C
Season - expressed as 1, 2, 3, 4 and 5

Computed
t value

1.77
0,95
1.31

YMean Sq. ¥ value
26.09 1,57
16,67

¢/oo

as °C

3, Sasson - expressed as 1, 2, 3, 4 and 5

Attributable to Regression 3
Deviation from Resression 41
fotal 44
R? value 10.24
B, Second Selecticen
Independent variables =~ 1l.
2.
Dependent variable -1, X
Independent Std. Corralation
Variable Hean Dev. X VSe ¥
1. 16.77 12,35 ~-0.07
2, 17.65 4,67 Cel3
3. 30,000.00 14,301.94 ~C445
Dependent
Variable
1. 14.63 14,75
Intercept 25,98
Multiple Correlation 0.50

Std, Error of Estimate

Analysis of Variance for the fegrossion

Source of Veriation Jare 0f fFroe,
Attributable i 2
Peviation fyon darnression 43,

Total &

3

2 oy
R" value 25454

5 SN
DNBLYIESe

Coe’f,
~0.19

0.41
~0,0005

Sun of Sg.
ATy ~
2328 .29
:]1 i /§ s':_" o

8373,729

Computed
t value

"'1 ole‘
0.8

e
Toe 2

rzan Sq. F value
799455 4457
174,99
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Sound
Type

Inlet
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Quasi-F/W
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Navicula incerta Grun. ————— =X==- ————- ————-
N maculata (J. W. Bails) Cleve X=
lie mutica K, var. ventricosa K, ——— -——-x
Ne nitescens (Gregs) Jon. x - ———
Ne notabilis Grev. b ——
N, - ———

peregrina (Enrs) K,
pusilla . Smith
salinarium Grun.
scandinavica (Lagst.) Cleve
spicula (Hickie) Cleve
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itzschia acuminata HWe Smith
attenuatun Ke
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Se 1onorata Auste

taurosira mutabilis Smith
Surirclla guinardii HePe
Synedra closteroides Grun,
Se paillonei Ehr.
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S. pulchella X,
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Thalassio-hrix lonmisgima Cleve
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Species Ocean Sound Inlet Quasi-F/W
Type Type Type Tyve
FivSSSu FISSSu FwSSSu FLS3Su
Triceratium spe. X ——— ———
F = Fall = 1 - indicates none found
W = Winter = 2 X indicates presence
S = Early Spring = 3 4 indicates many
S = Late Spring = 4 D indicates either dominant
Su = Summer = 5 or codominant



Air Temperature Range °C
Rainfall (24 hours) cm.,

Noon Barometric Iress mm. Hg.
Noon Cloud Cover 4%

Haximum Wind Speed and
Direction km/hr.

Remarks:

SEASON DATA SHEET

EARLY
FALL WINTER SPRING
15,0-24.4 8.3-17,8 6+1-15.6
0.0 0.25 0.0
76.61 75441 75.79
20 100 40
25.6-NE 46 o 4=SW 35.2-W

LATE
SFRING
12.2-22.8
0.0
76 .83

100

SUMMER

15.6-23.3
0410

75482

90

3542=-NW

a2

o

The effects of Hurricane Ginger were felt many days prior to its arrival in the collection

areas These may have caused an appreciable change in the distribution of the diatoms.

Remarks: The week prior to this collection date was remarkable in the amount of rain that fell in the

collection area.

On 6 June alone, 48.77 cm. of rainfall within a three hour period was re-

corded. This is indicative of a great deal of fresh-water that was added to the area via the
rivers and their tributaries that feed the region.



TABLE s:

Parameter Data Sheet; (indicating salinity, surface tempera-
ture, s x, L, t, the Host weight, and the host species at
all nine stations during all collection sezsons)e

B o —



[ ]
oo © - 1 o| E © 1 I o] ¢
S = o = w3 o 0 3 ol =
ol > o~ | o —~ . ol vy~ o o] ]
) o] ~ ) 0] 4| — ol gf — ol g ol B
Ql »| ] a] o] =] >N Elln] <o v]~ of 31 X o
Elu|w]l~». o Ny El -l =} 3 o o] —fn| -~ ol o
olul = ] cf 5] o] ol ~]wto vl o] w~]w —]
1] ¥ o) o Al Wl o]l wi]O wn|lo] 3 ol 31 =olo ]
Y| o 3] Al — ol Al atlal el @ al ol Bl o ] )
] = ) o= “lallol — o Al «| o]l w > v]w
clol ¢ o o=l o] f < NH[lO ol~l ¢ &2 ol ol —l~ I~ O] <
) ol &l Aol & = = ¥ N o] W) 7)) ) Dl =2 NieH
E 1 ] I oo on ] 1l I ] n oo
R 3] Kal ¢} T U Y bD o A ! A - E
20J026 o LY —f o oY At bt 0| <P L0 S0 i i N
. q 4 ¢ 4 < o 4 o4 4 8D L { o o O of o of o] o] o 04 of of o 4 o &f
9 b G g i~ o} fod 0| NS he=51= S olo o 507 bt 1Y ~HO
~N g —N| |y — — 1915
. /400073n .&95231 ) [ [« K= 3a ] o N Opo (Lo — of 03039‘“3
9 4 4 4 o] ¢4 o & O L 4 of o ol o of o] o o o | o .
8 Nole) KVe Ve BN, P22 L e N i 170 o) (33 Nol @ Do~ o UJZOIOJ
~ r—p— [9\ il r={ 9 o~ — o]
[=)=
—~q G 0O oY oY i Wy Qi L] | N = |ONMOo H oYaallanlloN]I7s Tal
7. 4 oq 4 oty < of 4 o« ¢ Q o 4| 4 o o o of o] efe=d o of o o 2 o Of
oy oy 4 — L O i S o e~ 1S O772/T oM (OO
—{ — IT. o - N —t—={ N ~
Ly
. lag v~ | 0Ot foq Ly O~ P00} NI NE =] OO | [<H e
4 4 ¢4 4 4 a7 d 94 o ¢ o <] o o o4 .-....Q ol o] of o 4 oY
© |44 HbH GG T el ddeld lonolop| | BitevolHo
N oY — aa' — Py —
2840921 A oy N s ~ o) e | . 0! ORI N . OI/._,202ah
. 4 4 q o o o L | q o L L < o . o L o e o o . o o L] »| < o
5 et N ey sl <l P e odtold L1+ o IO S| (0|
~{ - — wny et | | o]
s '@ (Ve B {og FOX LAY e ] Of AN Ol et ey O it = SN[ Ne1G, [s) Fal
. 4 4 ¢ o o o d 4 ¢ 4 o 4. o 4 o 4 ] o o o o of ofr=d o of o| 9 | g
4 oder] S| ~ff - ool ~HS ~ ddfin|d o~ | oo | thloo jt o
[aN[aN Kag -t | [ - | — = =4 =19\
N = «1iNe NIK o lAlJO/.., ooy Herjoo|— 00| ORI [~ 32/ N [3aliTa'fea{ag]
q e 4 of o iy 4 4 o -AQU o o o o Ul J!'n'-i of of of o o4 oTH
o) Ta Af | 8 —{ N~ O ~Na ogugr~S I~ MOl O[O KON et [ O
oN| e e O | i RN
. P |y S OV | 4 (@ TN ol [N O O NN ~~| O\ oo g
2 qe] o o of ayyg 4 4 o 4 4 4 5 o o 4 4 9 d o o o o o Q§ of of of o4 ¢ cm
Faiba b N MO0 N NN = {1 O N N O[O NyaVfelinife)le)
N g b g r—{ | N OO
g Qoo Jai le o o o~
. < od e gn/u.l Ot_nm < &Jd JAU._I. 1Jd O.O-r\.u‘lunﬂulcl n/hj /nm/.u../.w o
N o) ol A O NS i} H— 4 N T N ol o
NS - A~ |~ —— tf
- ~ = ~
. & N &l K> R > N -
S § | 3¢ BHg | RR BE | e LLE | RS LLIE
N SR | RS RN ORRT | R RS | RE BRI
< QU SN S S ISR ~ R
_Olu ATE L Y_m._v ® .vI, N Wmc.v /.7MW Sy Ix.lx..W._
r I A ¢ S ~ /C
N [ i < e { X
3 S& - | |on LW;Q. S uu&ntmm mm_.n S0 REL: mﬁ
Y Q10! IRIR WG|+ bt S G+ ) +
SIEESSENE Y | ? 3 R B8
7704 dILNIM 15ds L, 8




St¢

I. PRIMARY PRODUCTIVITY OF DIATQRS
In the effort to determine rzlative productive ability of diatowms
as members of the photoautotrophic community, it is necessary first to

establish their individual rate of net productivity. UHost reports con-

»

cerning the net pféductivity of phytoplankton have given total values
for all phytoplankton have given total values for all phytoplankton and
not for the separate members such as the Bacillaricphycophyta.

Riley's (1944) studies of all phytoplankton divisions employed the
oxygen method and produced a value of world ocean production of 1.35 x
1011 tons carbon per year.

Steemann-Nielson (1955), after receiving data from the Galathea
Expedition, derived an average value of 1,2 = 1.5 x 1010 tons carbon
per year. This figure was determined using the radicactive carbon

- . - - 210
563} found a value of 2,0 x 10 tens cartbon per Years

”~~
bt

method. Byther
His figures take into account the efficiency factors of some of the
ecological areas from which data are obtained.

Further, Koblentz-Mishke, Volkevinsky, and Kabanova (1969) have
analyzed over 7000 separate procductivity observations of rmecent world
covaragees A new value of 1.5 - 1.8 x 1010 tons carbon per year is
cffered for the world's oceanse

As indicated by Talling (1962), productivity, or the rate of photo-
synthesis, due to its dependence on solar energy, must be relatod =u a
unit area measure. Depending on differential depletion of nutriznts in
these unit areas, restrictions uire placed oo the specific photosynthe-
tic rates of the autotrophic organismse. Thus, many mz2asures of cellu=-

lar productivity are carried out in the laboratcry, where conditions
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can be controlled to emulate those found in nature. Taliing (1962)
cites 1 to 3 cell divisions per day and 4 to 12 mg COZ/mg chlorophyll/
hour as being a maximum value of growth rates for diatoms.

Round (1965) notes that intensive studies of the individual photo-~
synthetic rates of. particular species of planktonic algae have rarely
been undertaken. He cites studies of Lund (1949, 1950, 1954) in which

in vitro cultures of Asterionella formosa and Melosira italica subsp.

subarctica were examined. It was found that A. formosa rapidly changes

its growth rate with light intensity and temperature changes.

Although these data place in perspective the value of the pro-
ductivity of the world's oceans, they do not indicate the individual
worth of the memnbers of this community. From the figure derived by the
above authors, the average net productivity of diatoms cannot be deter-
mined because of great individual differences. Hoim-Hansen (1968) has
started to solve this problem on a cellular level. His results con-
sider the amounts of DNA and organic carbon found in unicellular slgae.
He feels that DNA regulates cellular metabolism through the control of
concentrations of free nucleotides by sequestration reactions (Holm-
Hansen, 1968)., Thus, the percentage of DNA as compared to organic
carbon (pg/ceil) ié an indication of production. From his research,
he has determined the DNA/carbon ratios for teu species of unicellular

algae, among them Wavicula pelliculosa, Skeletonema costatum, and

Thalassiosira fluviatilis. These are listed as follows:

Species @ DNA ¢ Carben

Navicula pelliculosa 0.09 pg/cell 10 peC/cell = 0,200
Skeletonema costatum 0,70 pg/cell 28 pgC/cell = €,003
Thajassiosiza fiuviatilis 8,00 pg/cell 1106 pgC/czll = 0,073




i
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As described Ly Holm-Hansen:

"The portionality between DNA and cell carbon can be used for

biomass determinations in ecological studies. Scme estimate

of the total living crops of organisms, both autotrophic and

heterotropnic forms, is often desired, and analyses for total

organic carboan or protein are not feasible because of organic
detrital materiale. The usefuluess of DNA measursments fer
estimation of biomass may be limited to some extent by the rate

of hydrolysis of cellular nucleic acids upon death of the c=2ll.

However, DN has been used as a biomass indicator in ocean

samples,"” (Holm-Hansen, 1968).

II. SEASONAL PROLUCTIVITY.

It is clear that the early spring is the season of greatest growth
of epiphytic diatoms from the Outer Banks Coastal and Bay region. it
only do the numbers of species increase at a rapid rate, but also the
number of individuals per species is largere There were 29 speciles
found in £all, 41 in Winter, 46 in early spring, 39 in late spring,
and 44 in summers

If an increase in numbers of diatoms in €arly Spring is observed,
it is often explained by the 1increasing length of time of solar energy,
the general warming of the waters, and the prior winter accumulation of
phytorutrients (Johnson, 1957). However, due to the corresronding and
subsequent increace in grazing zooplankton in the late spring, the
aurbers of diatems scon plateau and declinee They rise again in summer,
perhiaps due to toxic zooplanktonic metabolites. This, as well as
mechanical detachuent (Wood, 1965), is re¢flected ian a relatively low
number of epiphytic diatoms during the fall season as seen in this
collection. During the fall, the numbers are far lower tiian in early
spring due to zooplanktonic overgrazing.

The coming of colder weather in the late fall and early winter nay

produce a corresponding decrease in the numbers of zcoplankton. Thas,

»



the diatoms can have less grazing pressure applied to theme. A slight
rise in their numbers is often seen, but because of the shorter period
of solar energy availability, the depletion in the water of the needed
nutrients, and the lower water temperatures, their rise in numbers is

.
of ten not pronounced.

III. ANALYSIS OF DATA.

From the data recovered there are four significant relationships
that can be offered. These are: (1) there does not appear to be any
linear correlation between the numbers of diatom species and the pooled
effects of salinity, water temperature, and season of the vear. (2J) There
is a marginally significant but stronger relationship between the average
number of diatoms isolated, measured by 5 X, and salinity, temperature,
and season of recovery. (3) There appears to be a direct relationship

between the presence of Synedra pulchella and Cocconeis scutellum, In

each case, when one of these speclies is found in more than random numbers,
the other is found in nearly the same numbers, regardless of the season,
station, or species of host. (4) There secems to be a very strong rela-
.tionship between the uumbers of species and individuals of diatoms and
the morphology of the host from which they are isslated. Perhaps thiz
has to do with the morphological configuration of the host and the avail=

able surface arza for attachmente.

A) Diatom Species

Upon examination of the results of the multiple iinear vegression
analysis, page 44, there is no significant relationship between the
nunbers of diatom species = the dependent variable - ant the three

independent parameters: salinity, water temperature, and seasot. A&



58

number of statistics support thise.
First, the F ratio value in this test is 1.57. This statistic is
. . c e s ) 2

a ratio derived by dividing the between variance, sz, by Sw , the

within variancee. I{ the null hypothesis is true and the data were not

-

affected by the methsd of collection (i.e., destruction of less sili-
ceous species), then sz will be approximately the same value 2as Swz
and the ratio will be equal to one. However, if the null hypothesis
is false, these two variances will not be equal to each other. This
can indicate outside factors causing this difference. The variability

I

<. 2 . 2
among the means is increased and S is made larger than Sw . F wvalues

b
much larger than one indicate that the null hypothesis should be re-
jectede In order to determine just how nuch larger than one F should

be, the F ratio is computed (i.e., 1.57), the number of degrees of frea=-
dom are determined (3 and 41), the confidence level is chosen, and upon
inspection of the F value tables, the indicated F value is noted (3.55).
In order fur the computed F value to be accepted as significant at the
indicated confidence level, it must De equal to or larger than the F

- value from the table (Sokal and Rohlf, 1969a and b),

In this case, the tabled F ratio value of 3.56 (95% confidence
level) is the 1owes; value that would warrant rejection of the null
hypothesis. Thus, because 1.57 is smaller than the F table value, one
cannot consider the null hypothesis as false, This indicates that from
the available data, I have not established a significant correlation
between the number of species and the pooled effects of salinity,
temperature and season.

A second factor indicating a lack of significance in these data is

the relatively small regzression coeflficients. If applied to the formulas
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o)
= i + 3
Y= a blx1 bzx2 + b3x3 Eqe 3

o »
where Y is the estimated dependent variable value, a is the y intercept,

b bz, and b, are“the respective regression coefficients and x , X

1’ 3 1’

and x, are the independent variable, the equation would appear as:

2!

Y = 4.36 + 0,09 (Salinity) + 0,13 (Temperature) + 0.0005 (Season) Eq. &4

However, upon inspection of the values of the Sum of the Squares
attributable to Regression (78.26) and the total Sum of the Squares
(761.64), it can be seen that the R2 value, which indicates the rela-
tive amount of association that the measured parameters account for, is
10,2%, There must be other variables that are contributing the other
89.,8% to cause the observed numbers of diatom. species.

Third, with the computed T values of 1.76, 0.95, and 1.31 respec—
ively, these independent variables are quite low and cannot be coun-
sidered as significante. Only a Student T value of at least 2,56 would

indicate the data was significant at the 95Z level.

B) £ X Relationship.

Upoun examination of the second selection (page 4%) in which the
number of diatoms is compared with salinity, water temperature, and
season, there is a greater degree of association.

First, the F value of this selection is 4.,57. At the 95% confi=-
dence level, this is higher than the value of 3.56 nceded to indicate
that this association is not merely due to chance.

Second, the absolute value of the regression coefficients is larger

in this test selectlon, indicating a greater individual credibility in
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the independent variables: salinity, water temperature, and seasone.

In applying these coefficients to Equation 4, one finds:

¥ = 25.98 - 0.196 (Salinity) = 0.406 (Temperature) - 0,0005 (Season)

;s
w .

Eq. 5

.

The estimated mean nuﬁber of diatoms from each host, ?, is in-
versely proportional to the salinity and is directly proportional to
the water temperature. They appear to be unaffected by the season
during which they were recovered.

From the T values computed, it is evident thét these regressiocn
coefficients are nearly numerically equal to those of the first
selection, with one exceptione. The'T value of -3.55 with respect to
season represents a value that can be considered most reliabdle.

Lastly, the R2 value, or percentage of these parameters contribut-
ing to the mean number of diatoms, Z X%, is 25.5%. Although this value
is greater than that found in the first selection, it indicates that
there still are other parameters that account for nearly three times
as much effect. It must be emphasized that the other 74,5% may be
attributable to many variables, and thus, the effects of salinity,
water temperature, and season may be the most important group control-

ing the mean number of diatoms.

C) Species Relationships: Cocconeis scutellunm and Synedra pulchella.

It was found that in nearly every case when either Cocconeis

scutellun or Synedra pulchella was found in the diatom recovery, the

other species was there in nearly the same numbers (see Table 2), This

relationship was prevalent at all four station types, and during all
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seasons with the exception of fall. When C, scutellum was found as the
dominant form, S. pulchells was present in prolific numbers; when one
of these species was found only in sparse numbers or not at all, the
other was present.with the same frequency. It would appear that there
is a direct relationshipsbetween the presence and numbers of one of
these species and the other due to their eurytherral and euryhaline
tolerances (see Appendix B)s S. pulchella is a member of the order
Fragilariales. C. scutellum is classified in the order Achnanthales.
The former has no raphes while the latter has one true raphe and one

pseudoraphae.

D) Host Relationshipe.

There appears to be a notable relationship between the numbers of
diatom species and individuals found on a particular host and the shape
of that host at the site of attaclments. This theory is held by Aleem
(1950), Reimer (personal communication’, Zaneveld (personal communica-
tion), and Marshall (personal communication),

It seems that host species with more convoluted surfaces and with
numerous branches offer more acceptable surfaczs to which the diatoms
can adhere than spscies without this morphology. ©Broad, flat surfaces,
or those wicthout branching, do net appear to have the necessary inter-
stices. Aleem (1950) indicates that the suitability of different hosts
for diatoms crosses phylogenetic lines, there being numerous epiphytic
diatoms on all divisions of algae. It is felt that the more foliose

species of some genera with smooth surfaces, such as Ulva, Punctaria,

and Porphyra, do not provide the necessary criteria for attachment,

Branched, cylindrical species of some genera of algal host seen to
s J



be favored by the diatoms., Certainly this subject is an area on which

further work might yield valuable informaticne

IV, DISTRIBUTION OF DIATUIS,

Of the 94 spézies of diatoms divided among 37 genera, there were
only 25 that were found in abundant numbers. These are the species
designated with either an "M" or a "D" on the Diatom Recovery Sheet,

above (see Table 3).
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Perhaps the most interesting environmental fact is that Cocconeis

scutellum was found at all the station types during all seasons, with
the exception of the fall recovery at the Inlet Statione. This species
is apparently euryhaline and eurythermal. Associated with this is the
fact that this species was recovered from all of the host plant stecie
This included all of the three algal divisions - Cyanophycophyta,
Chlorophycophyta, and Rhodophycophyta - as well as the higher plants,

Myriophyllum pinnatum and Zostera marina. Of all of the species cf

diatoms recovered, C., scutellum possesses the greatest tolerance tn
wide ranges of temperature, salinity, and host conditions.

The genus that represented the greatest numbers of diatom species
found during the collection period is Fragilaria. Although not found
with as great frequency as C. scutellumn, the combined numbers of F.
capucina, I's gracillima, and F. virescans, represent the genus contri=-

buting the greatest number of epiphytic individuals throughout the yea

Grammatophora marina can be considered a neritic species thst is

generally found in the summer and falle. This species was recovered in
dominant numbers at the Ocean Staricn (#3) and at the Sound Statiocns

-

(#1, #4, #5), but it was only ravciy seen at the Quasi-Freshwater

Se

To
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regions. It should be considered as a more restricted species with
stenothermal and stenohaline characteristicse

Although Achnanthes brevipes was recovered during all seasons of

the collection period, it was found in greatest numbers only during the
winter and early §Qring at the Sound Station and Inlet Station. This
would indicate that this species prefers cooler water of mixo-mesohaline
(Fredrich, 1969, pe 426)'éharacter.

Synedra pulchella was found in all seasons, except fall. Its

numbers were prolific during winter, late spring, and summer at the
Quasi-Freshwater Station type. Certainly, this species is intolerant
of high saline conditions, but it is found in both warm and cool waters.
S. pialchella was the second most abundant speciese

Tabellaria fenestrata was found in great numbers during winter and

summer at the Ocean and Inlet Station types, but was found infrequently,
or not at all, during the other times of the year. This would indicate
that this species 15 intolerant of great salinity fluctuations, but is
relatively unaffected by temperature extremes; hence, it is stenohaline
and eurythermal,

One species that was recovered at many of the station types during

all seasons, except fall, in low numbers was Navicula viridula. The

peak of numbers of this species occurred during summer at the Sound
Station type. t would seem that this species favors warm, mixo-meso-
haline conditions for growth, and that, because these cconditions were
found during only one of the collection periods, one can conclude that
N, viridula occurs in low numbers during all other times.

The following listing compares the species and conditions under

which they most often are found,
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0-9 °/oo [/ 9-15°C

Cocconeis scutellum
Synedra pulchella

» .

18-29 °/oo / 9-15°C

Cocconeils scutellum
Rhabdonema adriaticum

Tabellaria fenestrata

18=29 °/oo / 16-20°C

Cocconeis scutellum
Diatoma elongatum
Eunotia parallela
Grammatophora marina
Staurosira mutabilis

0-9 °/oo [/ 16=20°C

Cocconeis scutellum
Fragilaria capucina
Stauroneis anceps
Staurosira mutabilis

10-17 °/oo / 16-20°C

Cocconeis scutellum

Melosira moniliformis var. octagona

Nitzschia acuminata

Podosira montagnii

Thalassionema nitzschioides

18-29 °/oo [ 21=26°C

Cocconeis scutellum
Coscinodiscus lineatus

Fragilaria gracillima
Nitzschia lanceolata
Rhopalodia gibba

0-9 °/oo [/ 21-26°C

Cocconeis scutellum
Synedra pulchella

10-17 °/oo / 21-26°C

Cocconeis scutellum
Navicula viridula
Nitzschia mirabilis
Synedra pulchella

10-17 °/oo | 9=15°C

Cocconeis scutellum
Synedra pulchella

An indication of the season of growth for diatoms from the collec-

tion area may be obtained by summing the ¥ X values as they appear on

the Parameter Data Sheet., However, this is misleading. Such as value

will not indicate the dry weight of the host from which these organisms

were stripped. Algae with a large biomass will necessarily yield

greater numbers of diatoms than smaller samples of a host.

appropriate indicator of diatom growth is the expression, t.

By adding
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each t value derived from each station during one season, a total t
value, or =t is derived. Completing this for all five seasons, it
is possible to observe increases and decreases in diatom production.

The following values are obtained:

Season s Ft Dominant Genera

Fall 3.35 x 106 Grammatophora, Frapgil-
7 aria, Cocconeis

Winter 1.15 % 10 Cocconeis, Rhabdonena,
8 Synedra

Early Spring 5.39 x 10 Cocconels, Synedra,
7 Staurosira

Late Spring 1.43 x 10 Cocconeis, Fragilaria,
6 Staurosira

Summer 8440 x 10 Synedra, Nitzschia,

Cocconels

Table 6% Seasonal St values.

£t reflects the number of epiphytic diatoms per unit weight of host
plant. It is felt that in future reports of this nature, whan comparing
colonization or distribution of epiphytic diatoms, or when examining
these organisms with respect to salinity, temperature or season, the
~ statistic xt should always be used,.

The growth cycle depicted in Table 6 follows predicted patterns
(Talling, 1962; Round, 1965; Raymont, 1963), One expects an increase
in numbers of diatoms in early spring when light energy is more avail-
able, when temperatures are rising, and when increasing river run=-off
provides additional nutrients to estuarine and coastal arease. There is
a corresponding drop in numbers in the laete spring and summer, not due
to a decreased frustule division rate but rather due to the grazing
pressure exerted by herbivorous zooplankton. In fall, when light energy

decreases, water temperature falls, and the provided nutrients in the
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water are depleted, the numbers of diatoms decrease due to a drop in
the division rate. Scome species then may continue to survive and will
exist throughout the wintere. Others resort to a resting stage which
then lies dormant gqtil the favorable conditions of early spring are
manifest, at which time the cycle is begun again.

In an effort to graphically display the temperature = salinity
requirements of the species that appeared in dominant, codominant or
many numbers in these samples, the graphs of Appendix B were prepared.
It is felt that they indicate the requirements of these specles as
shown by their presence. Species that were found in only one, two or
three samples were not depicted: it was felt that this number of
samples would not show a significant trend with respect to temperature

and salinity.
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CONCLUSION:

There are five major points that should be made concerning the
distribution of epiphytic diatoms of the Outer Banks region of North
Carolina with respect to salinity and temperature. First, their mean
nunbers, ¥ %, show sign?ficant multiple linear regression with respect
to the pooled effects of salinity, temperature, and season of the year.
This is supported by equation 5, page 60, the F value of 4.57, the T
value of 3.55, and the R? value of 25.5%.

Second, there is a direct relationship between the presence or

absence of Coccoueis scutellum and Synedra pulchella. The Diatom

Recovery Sheet, Table 3, indicates that in nearly every instance, when
either of these species was recovered from a host plant, the other was
also present in nearly the same numbers. Conversely, when one of these
species was absent, the other was not found.

Third, the numbers of epiphytic diatoms present oa any particular
host may be a function of the surface configuration of that host.
Convoluted, branched host plants nearly always had attached to them a
greater number of diatoms than those hosts with broad, flat surfaces.
This, however, warrants furthgr investigation for confirmation.

Fourth, in thgs limited study area (see Figure 1) there is a
pronounced gradient of epiphytic diatoms that appears to follow not
only latitudinal but also seasonal and grazing pressures. This may be
seen in the diagram on page viii,.

Fifth, the Swift method, as modified by Belin and Zaneveld (1972)
i1s an extremely effective method both qualitatively and quantitatively

for stripping epiphytic diatoms from their host plants.
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Lastly, as the human population of this area increases, and with

it the rise in amounts of sewage and industrial and commercial pollu-
tion, periodic studies of the epiphytic diatoms may indicate environ-

! mental tendencies. *"
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APPENDIX A

SKETCHES OF SELECTED DIATOM SPECIES

(Designator Lines Indicate 10g.)
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Gyrosizna acuminatun
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APPENDIX B

The species that appearnad in dominant,
numbers are included, separately, in Aprendi
appeared in more. tﬁa three of thes ferty-five
picted. The maximum and ninimun temberatures
listed below:
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0.0°/00

Temparature
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Maxinunm
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35.5%/00
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