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KURZFASSUNG: Einige quantitative Daten {iber Lichtpenetration in Sedimenten. Mit Hilfe
der Lanceschen Fotoselenzelle und einem Galvanometer wurden Sedimentproben von der
ruminischen Schwarzmeerkiiste und Vergleichsproben aus dem Gebiet der Ostsee auf ihre Licht-
durchlissigkeit hin untersucht. Derartige Untersuchungen sind fiir die Beurteilung der Lebens-
bedingungen fiir endopsammale Organismen — insbesondere Pflanzen — von grofler Wichtigkeit.
Das Ausmafl der Lichtpenetration durch die untersuchten Sedimente ist eine Funktion der Par-
tikelgréfe und -form; es verringert sich mit abnehmender Korngréfle. Die Menge des pene-
trierenden Lichtes hingt ferner ab von der Substrattiefe. Aus den MefSwerten geht hervor, dafl
die photische Tiefenzone eine recht geringe Ausdehnung von nur wenigen Millimetern besitzt.

INTRODUCTION

It is a well known fact that light represents an ecological factor of great sig-
nificance for aquatic organisms (HoLMmes 1957, KRISTENSEN 1957, STRICKLAND 1958,
THORSON 1964, VrRaANSKY & MARcOV 1947, to mention only a few papers). A number
of scientists who studied the benthic micro-vegetation in various marine areas showed
that practically all living bottom diatoms are found in the upper few mm of the soil.
ALEEM (1950) and GreNTVED (1960, 1962, 1965), by measuring the depth of the photic
layer in sediments, have found that beyond a 2 mm thick layer of bottom material,
light intensity is reduced by less than 5 percent.

TavLor (1964), measuring light penetration through sand containing diatoms,
indicated that 10 per cent of solar radiation reaches down to a sand depth of 1.5 mm.

GRroNTVED (1965) studied the productivity of micro-benthic vegetation in the
Danish Wadden Sea; he found that beyond the photic zone (thickness: approximately
3 mm) of the bottom, a stable vegetation of diatoms probably does not exist. As a
consequence of bottom layer instability diatoms may be more or less deeply buried
in the soil.

In order to determine the ecological factors which influence plant and animal
organisms in the sandy areas of the Romanian Black Sea shore, I have studied the
granulometry, mineralogy, and chemistry of sands (Gomoru 1963, 1965). In the
present paper, which is only a preliminary account, light penetration in sediments is
dealt with as one of the lesser studied ecologic factors. The data presented will be
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supplemented by further and more detailed studies concerning all aspects of propa-
gation of both natural and artificial light (polarization, angular distribution, diffusion,
absorption, etc.).

MATERIAL AND METHODS

Data contained in the present paper are based on material collected mostly from
beaches of the Romanian Black Sea shore (Fig. 1). For comparison, some determinations
were made on material taken from Baltic Sea beaches (Sopot, Hel, Medzyzdroje,
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Fig. 1: Romanian seashore with beaches on which sediment samples were taken

Swinoujicie). As a rule, samples were taken from the surf zone; in some localities
(Costinesti, Buival, Sulina), however, they were obtained from different depths. In
a few localities analyses were made on material collected at different dates; in such
instances the granulometric composition of the samples generally varied (Gomoru
1965).
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Each sample was subjected to optical measurements and granulometric analysis.
The material was first washed in fresh water, then dried at 105° C. Determinations
of light penetration in sediments were made with Dr. LANGE’s selenium photo-cell
and a galvanometer. First, light intensity from an artificial source to the photo-cell
was recorded in conventional units. This light also passed through an empty vat in
which sand was subsequently placed for analysis.. Next the quantities of light that
passed through different sediment layers were measured. Measurements were carried
out successively on samples taken in depths 1 mm apart until two or three consecutive
measurements yielded identical results. These last results showed that light ceased to
pass through sediment but some “parasitic” light still continued to enter the photo-
cell. Therefore, the latter value shall always be deducted from original readings.

Conventional values expressed by the galvanometer in absolute figures were con-
verted into percentage values, reckoned as 100 per cent the quantity of light incident
upon the sediment. The most difficult problem encountered in the present study was
the establishing of a perfect stratification of the sand in layers of pre-established
thicknesses (1, 2, 3, ... mm); the following method was used: The density of dry sand
using vats of different sizes and shapes and finally one single mean were calculated.

The sediment to be analysed was placed in a vat with a known volume. By
tapping lightly on the container, the sediment was set correctly and then weighed.

Density (D) was computed according to the formula D = % in which G is the weight

of the sediment contained in the vat and V the vat volume including the sand.
Knowing the sand density and the area of the vat for sand analysis, one can calculate

the weight of the sand in each one of the 1, 2, 3, ... mm thick layers by using the
formula:
SD
Sg= =
T
in which Sg = sediment weight in each layer, n = thickness of the layer in mm,

S = vat area containing the sand to be analysed (expressed in cm?) and D = density
of the sediment.

The galvanometer was read; then the same sample was disarranged and sub-
sequently rearranged and the galvanometer read again. This procedure was repeated
several times for each sample and then the mean calculated. Sediment granulometry
was measured according to methods presented in previous papers (Gomoru 1963,
1965).

RESULTS AND DISCUSSION

The data concerning granulometry, mineralogy and chemistry of sediments
(Gomoru 1963, 1965) show that the Romanian Black Sea shore contains two main
types of sand:

(1) Fine mineral quartzy-micaceous sands (71 per cent SiOp and 29 per cent
CO3Ca) of fluviatile (Danubian) origin in the area north of Constanta (Fig. 1). The
average diameter of this type of sand grain is 150 4.
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{2) Medium and coarse-medium, calcareous-shelly sands which may contain as
much as 99 per cent crypto-crystalline calcite. These sediments of more recent age are
found in beaches south of Constanga, average grain diameter is 580 u.

With increasing depth of water, the sand grains become finer and finer until
they are completely replaced by mud.
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Fig. 2: Sediments from Costinesti beach. A: Semi-logarithmic cumulative granulometric curves
of sand at different depths. B: Light penetration in different sediment types

The coarse shelly sands of the beaches south of Constanza are found up to
3 t0 4 m depth. Then they are replaced by the fine quartzy sands which again are
replaced, beyond 18 to 20 m, by sandy mud and finally by mud.

The pattern of the samples taken from Costinesti beach is typical for cur samples.
Semi-logarithmic granulometric curves of the sands collected at various depths
(Fig. 2 A) show that the grains sizes become gradually smaller with depth. The results
of granulometric analyses for the present study confirm and strengthen the author’s
previous data (Gomoru 1963, 1965).

The pattern of sediments from the Polish shore of the Baltic Sea is rather of the
medium type. The average diameter of sand grains varies between 166 u (Swinoujscie
Wolin) and 340 y (Hel). Mineralogically they are quartzy mineral sands.
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The parallel presentation of the degree of light penetration in sediment and sand
granulometry clearly points to the interdependence of both.

As sediments from different beaches are similar to each other both granulo-
metrically and mineralogically, only the 19 most characteristic of the 49 analysed
samples were considered in the following diagrams. Sediments taken at Sulina are
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Fig. 3: Sediments from various Romanian beaches. A: Semi-logarithmic cumulative granulo-
metric curves of sediment. B: Light penetration in sediments

identical with samples from Buival; samples from Chituc are identical with those
from Vadu or Cape Midia, while those from Mamaia are identical with those from
Nivodari; again samples from Costinesti (4 m depth) are identical with samples from
Comorova and Mangalia, while those from 2 Mai are identical with those from Vama
Veche (see map, Fig. 1).

Analyzing the results obtained it was found that light penetrated in a different
manner according to the granulometric character of the sediments. The aphotic zone
begins at variable depths, namely between 2 and 7 mm (Figs 2 to 5). While the sedi-
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ments become finer (i. e. the number of sediment grains increases), light penetration is
reduced and the aphotic zone begins at 2 mm depth.

The average diameters of sand grains in samples from Costinesti measure 519 u
in the surf zone, 457 y at 0.50 m depth, 278 g at 1.50 m, 236 y at 3 m, and 108 y
at 4 m. Light penetration is different in these sands (Fig. 2 B):
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Fig. 4: Sediment samples from Mamaia and Agigea beaches. A: Granulometric curves. B: Light
- penetration in sediment

(1) Through a 1 mm thick sediment layer, 55 percent of the light passed at 0 m,
37 percent at 0.5 m, 40 percent at 3 m and only 2 percent at 4 m depth. The
sediment type at 4 m depth is identical with the types which are found at 10, 12, and
15 m depth.

(2) Through a 2 mm thick sediment layer, light penetration is reduced to 6 per-
cent at O m, 6 percent at 0.5 m, 4 percent at 1.5 m and to 2 percent at 3 m depth.
In sediment samples taken at 4 m depth, light penetration does not occur beyond the
2 mm thick layer.

(3) Through a 3 mm thick layer, light penetration is either extremely scarce
(3 percent) or non-existent.

The fact that light penetration in the sediment is dependent on sediment granulo-
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metry is also shown by other sand types found on Romanian beaches (Fig. 3). In
samples taken from Eforie Nord and 2 Mai (sands of the coarse grain type with an

average diameter of grains of about 600 1), the highest quantity of light penetration

was found (Fig. 3 B). For example, in a 4 mm thick layer of sediment, 5 per cent of
incidental light was found in samples at Eforie Nord.
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Fig. 5: Sediment samples from Polish Bal

tic Sea beaches. A: Sediment granulometry expressed
in semi-logarithmic cumulative curves. B: Light penetration in sediment

In fine sediment samples taken north of Constanta (Chituc, Sulina), very small

quantities of light were found since the 3 mm thick sediment substrate belongs to the
aphotic zone.

In the surf zone, sediment granulometry varies in time and space because of the
transport, depositing and grinding action of the waves (Gomoru 1965) (Fig. 4 A). In
samples collected from the same localities but at different dates the character of the
sediments also changes optically (Fig. 4 B).

In comparison with Black Sea sands, those of the Baltic Sea are more transparent.
Both their granulometry (Fig. 5 A) and mineralogy allow greater quantities of light

penetration while aphotic zone is situated in the deeper layers of sediment (Fig. 5 B).
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SUMMARY

1. Light penetration in sediments is a {unction of sediment granulometry; it decreases
with the decrease in grain size.

2. Light quantities entering the sediments are a function of substrate depth: At 1 mm
depth, light penetration ranges between 80 (at medium quartzy sands from Hel)
and 2 (at very fine sands from the Black Sea) percent of the light quantities found
at the substrate surface; at 2 mm depth light penetration varies between 52 percent
and total darkness (when muds replace sand); at 3 mm depth it varies between 0
and 23 per cent; at 4 mm depth, in most samples the aphotic zone was reached;
however, in some sediments (quartzy medium or coarse-medium sands) values up
to 9 per cent may occur; at 5 mm depth out of 46 analysed samples only 5 con-
tained up to 5 per cent light; at 6 mm depth the lowest readings of down to 3 per
cent were obtained.

3. On the basis of these data, the photic zone in sandy sediments is very thin.
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