ENVIRONMENTAL CAUSES OF STUNTING IN
LIVING AND FOSSIL MARINE BENTHONIC
INVERTEBRATES

by A. HALLAM

ABSTRACT. The various environmental causes of stunting or dwarfing in marine benthonic invertebrates are
reviewed for living species and an attempt made to apply the results to cited instances among fossils. Particular
attention is devoted to possible hazards of interpretation, and the criteria for distinguishing between stunted
adults and juveniles among fossils is outlined. It is argued that the principal factors involved apart from food
supply are the salinity, oxygen content, turbidity, agitation, and temperature of the sea water, together with
population density. Palacontological and scdimentological criteria for the distinction of these factors are pro-
posed, but it is concluded that information on the primary factor, food supply, will continue to remain elusive
to palaeoecologists.

THE stunting of growth among spccies of marine benthonic invertebrates by adverse
environmental influences is potentially a most valuable tool in palacoecological research,
since it can provide clues to the physical environment which might otherwise be over-
looked and give information on the tolerances of extinct forms. It has furthermore, an
important bearing on matters of taxonomy. Unfortunately few subjects in palacoecology
are so beset with difficulties and confusion. Although there is an extensive literature,
little critical analysis has been undertaken. Many authors have neglected to provide
even simple measurements of fossils or criteria of maturity, thereby failing to exclude
the possibility that the supposed stunted adults were actually juveniles. The sedimentary
matrix has rarely been described in detail and the many diflerent interpretations of the
cause of stunting inadequately supported by reference to living animals. This should
not always be held to reflect adversely on the palacontologists concerned. Evidently in
many instances stunting was of incidental interest and some worked at a time when less
rigour was demanded and when the subjects of marine ecology and sedimentology were
in their infancy.

Ager (1963) has preferred the term ‘stunting’ to the more widely used ‘dwarfing” for
species whose growth had been arrested or hindered by environmental influences, since
the latter scems to imply a genetic control. Hence ‘dwarfed organism’ could best be
applied to a small minority of monstrosities in an otherwise normal population, whereas
environmental stunting may aflect whole populations. It could be argued that the
meaning of the term has in fact usually been made clear in context as signifying environ-
mental control, but the author agrees with Ager that ‘stunting’ is preferable, since
dwarfing suggests an extreme condition, the size being much below the normal for the
species. It is certainly debatable in the present state of knowledge whether organisms
of this kind are at all common in nature, but stunting in the sense of a perceptible
reduction in size below the species optimum is widespread at the present day and should
be a common condition among fossils. We have to bear in mind, however, that the litera-
ture on fossils is concerned primarily with forms whose size is considerably less than
normal since these are the more striking.

{Palaeontology, Vol. 8, Part 1, 1965, pp. 132-55.]
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Certain other terms have sometimes been used. Such words as dwarf, diminutive, and
micromorphic merely signify small size and should be abandoned in the context under
discussion, while the term depauperate is obscure and unfamiliar, as Ager pointed out.

The observational recognition of sexual maturity should not be difficult for most
living organisms but is not directly possible for fossils and one must here proceed by
reasonable infercnce. The distinction of adults and juveniles is a necessary first step in
the proper study of such faunas. If stunted fossils are to be used for the elucidation of
conditions in the past, it is necessary to assume a correlation between size and environ-
ment, and that the stunting is not directly inherited (although in the long term mutants
resulting in dwarfs might be favoured by natural selection). This seems more reasonable
than the Lamarckian alternative on grounds of the relationship of size to food consump-
tion, to be discussed later, and is supported by the experiments of Coe (1942) on the
gastropod Crepidula. He found that if the objects for settlement were small the organisms
remained stunted throughout life but if their offspring were transferred to experimental
bottles they quickly grew to a sizc twenty times or more that of their parents. In the
dwarfs the cells and eggs were smaller in number than averagc but of normal size. It is
true that Ford (1928) recognized genetic control of growth in the amphipod Gammarus
but this served merely to reduce the growth-rate and not the size at maturity.

Experiments pcrformed by Crabb (1929) on the pond snail Lymnaea stagnatis appressa
demonstrated clearly that while extreme crowding markedly retarded growth the indivi-
duals rapidly reached normal size after being transferred to standard conditions.

The influence of particular environmental factors on the size of marine invertebrates
is not always easy to access becausc very few controlled experiments have been performed.
One has to rely largely on inferences based on observations in a complex multivariate
system, not often well documented quantitatively. It may be difficult in consequence
to estimate the relative importance of different variables or isolate the significant factor.
Thus Moore (1958) has pointed out that the small size of organisms in stagnant water
might be due either to oxygen deficiency or to an absence of currents supplying food.
Furthermore, not all variables are independent. For example, low temperature can
reduce the salinity tolerance of estuarine species (Moore 1958). Because of such con-
siderations as these, and because each species has its own environmental optimum, it is
pointless as yet to seek any precise quantitative relationships from the data available.
Nevertheless one can perceive a number of qualitative relationships which are likcly to
be of general validity, for the past as for the present.

Though this review is concerned essentially with marine organisms a few examples
relating to freshwater forms are cited where the data appear to be relevant. It has also
been found convenient to include ammonoids among the benthos.

FACTORS AFFECTING THE SIZE OF LIVING ORGANISMS IN
THE SEA

Food supply. An obvious relationship exists between body growth and the intake of food
so that it is hardly surprising that marine ecologists lay stress on the importance of this
factor. If food supply is low but adequate for survival then growth will be stunted, as is
apparent enough in our own species. It is desirable to make a distinction between the
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availability of food and the capacity of the organism to consume it. Food availability
as a factor is most clearly observed among animals with an intertidal distribution.
Kristensen (1957), Savage (1956), and Hancock and Simpson (1961) have all recorded
a direct relationship between the growth of the suspension feeders Cardinm edule and
Mytilus edulis and the period of immersion, that is, the time available for feeding.

It is not clear at present, however, whether marked variation in food supply is a
particularly important factor below low tide mark, since Fox’s (1957) calculations sug-
gest that generally speaking there is more than enough food available for the larger
organisms in the sea, and Kristensen (1957) has estimated that current velocities of only
a few centimetres per minute should be sufficient to ensure enough food for suspension
feeders. On the other hand, Dr. H. B. Moore has called the author’s attention to un-
published work demonstrating much slower growth of Echinocardium below than at low
water, and he himself has found much smaller Echinus in deeper than in shallower
water. In both cases he is inclined to believe that deficiency in food supply is the signi-
ficant factor.

A gradual decrease in the size of benthonic organisms with depth of sea may possibly
result from the lesser availability of food in deep water (Yonge 1961), which is probably
a consequence of the progressive destruction of dead plankton on its long slow descent
to the sca bottom (Emery and Rittenberg 1952), and the greater distance from river
mouths. This is hardly relevant, however, to the rich populations of shallow seas, which
have had the most attention and are geologically the most significant. Food supply in
this case might diminish within areas of restricted circulation, where the current activity
is inadequate for replenishment. Also important is the availability of suitable nutriment
for organisms with specialized feeding habits. Thus Moore (1936b) found that the gastro-
pod Nucella (— Purpura) lapillus attains a greater size at maturity on a diet of Mytilus
than on Balanus.

Stunting may often result from a reduced capacity to feed because of an abnormal
environment. For example, oysters and mussels may remain closed and cease feeding
when conditions are adverse. Mytilus edulis can survive for several weeks in the absence
of oxygen but does not feed (Moore 1958). The actual consumption of food is more
important than its availability and is obviously the prime factor controlling size
variations.

Salinity. Numerous reports in the literature suggest that abnormal salinity is one of the
most potent factors inducing appreciable size reduction in marine species. Though most
of this literature relates to molluscs it is apparent that a wide variety of invertebrate
groups is affected, including foraminifera (Pack 1919, le Calvez 1951), ostracods (Barker
1963), amphipods (Spooner 1947), coclenterates (Rawlinson 1934, Segerstrale 1957) and
echinoderms (Segerstrale 1957), so there is good reason to regard the phenomenon as
general. Gunter (19474, b) considered that salinity is by far the most important factor
in producing size gradients in animals over a small arca.

The most fully studied areas where the salinity differs appreciably from that of normal
marine waters are estuaries such as the Tamar Estuary in south-west England (Milne
1940) and marine gulfs or inland seas where freshwater inflow from rivers and precipita-
tion exceed evaporation. Examples include the Baltic Sea (Goldring 1922, Segerstrale
1957, Sorgenfrei 1958), the Black and Caspian Seas (Goldring 1922), the Texas coast
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bays (Gunter 1950, Ladd ez a/. 1957) and the Gulf of Pechili, off the Yellow Sea (Grabau
1931). All these areas are characterized by brackish water, of comparatively stable
salinity in the partly isolated seas and gulfs but fluctuating considerably in salinity with
tidal action in the estuaries. The marine animals that can tolerate these low salinities,
dominantly species of lamellibranchs and gastropods, are frequently stunted, while
stenohaline groups such as coelenterates, brachiopods, echinoderms, and cephalopods
are absent or occur only sporadically. As opposed to this common restriction in size
and variety, individuals are often numerous. It should be remembered that certain ani-
mals such as Mya and Scrobicularia are well adapted to brackish water and may attain
their greatest size there.

The interesting experiments of Bradshaw (1957) on the foraminifer Anuonia beccarii
tepida have yielded an apparently anomalous result, in that specimens reared in water
of abnormally low or high salinity grew to slightly greater size than in normal salinity,
as a result of delayed maturation.

Whilst a direct relationship between size and reduced salinity is apparent, quantitative
data are sparse and difficult to interpret in the absence of more detailed descriptions of
the environment. The difficulties are well illustrated by the work of Boettger (1950) on
molluscs in a low-salinity inlet of the Baltic. He found no straightforward relationship
between size and salinity because of the intervention of other variables such as the
oxygen content of the water. These were not, however, fully evaluated. Sorgenfrei (1958)
pointed out the contrast between an upper brackish and a deeper more saline zone in the
Baltic waters, suggesting that the size of benthonic animals might vary to some extent
with the depth of the sea floor. Moore (1936a) observed that the barnacle Balanus
balanoides benefits so greatly from the increased quantity of food suspended in estuarine
water and from currents bringing the food within its reach that it actually grows faster
and larger in some estuaries than in the open sea. Barnacles can be used to illustrate
yet further complications. Balanus iniprovisus in England was a characteristic species of
brackish water, but in the Florida region it is confined to the sea, never penetrating
estuaries, and B. eburneus takes its place in brackish waters (H. B. Moore, personal
communication).

In the great majority of cases ecologists studying such low-salinity regions have been
confident that the organisms they were dealing with were genuinely stunted adults. This
is most obvious with sessile or semi-sessile forms but with actively vagrant animals the
situation may be different. Gunter (1950) struck a cautionary note in kis description of
certain swimming crustaceans in the Gulf of Mexico. Many species grow up in the low
salinity bays in the summer months and migrate into more open waters during the follow-
ing autumn and winter. The young forms seem in fact more tolerant of low salinity than
the adults. A palacoecologist could perhaps misinterpret such regional size variations
though in this particular instance the crustaceans would probably not be fossilized.

Though most of the literature rcfers to brackish waters there is evidence that stunting
can also be induced by high salinity. Andrews (1940) observed that where evaporation
raised the salinity of ponds isolated from the sea, populations of the gastropod Neritina
virginea increased in numbers but diminished in size. Experiments by Pack (1919) on
ciliates demonstrated that growth was retarded in more saline water. Many years ago
Bateson (1889) made a careful study of depressions such as the Shumish Kul which were
formerly connected with the Aral Sea. The depressions dried up progressively during the
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Quaternary. Successive stages of evaporation were correlated with size reduction in
Cardium edule, associated with thinning of the shell and minor changes in shape.

As opposed to this evidence, it was found during the Cambridge expedition to the
Suez Canal in 1924 that only the foraminifera were stunted in the hypersaline Bitter
Lakes and that several species of lamellibranchs and crabs attained the same size as in
the sea (Fox 1929). It is to be observed, however, that the lamellibranch species cited are
oysters and mussels, both of which have many euryhaline representatives and can pre-
sumably adapt as well to hypersaline as to brackish-water conditions. Of especial interest
was the observation that a species of holothurian actually grew larger in the Bitter Lakes
than in the sea, thus contradicting the general rule that echinoderms are stenohaline.

The actual cause of stunting in water of abnormal salinity appears to have received
little attention. It could perhaps be a consequence of the physiological difficulties asso-
ciated with osmoregulation, demanding a higher proportion of the organisms’ energy
and so leaving less for the intake and absorption of food. Alternatively organisms may
cease feeding for long periods.

Temperature. The relationship of water temperature to the size of benthonic inverte-
brates is complex and frequently difficult to evaluate (Boni 1942, Tasch 1953, Moore
1958). In a review by Wimpenny (1941) it was pointed out that there is a general tendency
for the size of both terrestrial and marine animals to increase with latitude, that is, with
decreasing temperature, but the marine examples cited are not benthonic. Significantly,
important exceptions include molluscs with calcareous shells, as exemplified by the giant
gastropods and lamellibranchs of tropical seas. This may relate partly to the greater
ease of precipitation of calcium carbonate in warm water. On the other hand, Coe and
Fox (1944) stated that, generally speaking, lamellibranch species grow to greater sizes
in higher latitudes. The same may be true of many foraminifers, and Bradshaw’s (1957,
1961) experiments have thrown new light on this subject. It seems doubtful if there is any
general rule for benthonic animals and each species should be considered on its merits and
its optimum environmental conditions determined (Moore 1958).

The complexity is probably due largely to the interaction of opposing factors.
Metabolic rates normally increase with temperature, for example in the Mytilidae, as
measured by the rate of oxygen consumption (Thorson 1957), and in Balanus, as indicated
by the rate of beat of the cirri (Moore 1958). Growth will be more rapid in warmer water,
as is evident enough from the pronounced seasonal variations in the growth-rate of such
well-known lamellibranchs as Cardium edule and Mytilus edulis. Coe and Fox (1944)
found that the annual increment in length of certain lamellibranchs tends to be greater
in lower latitudes because of the longer season available for rapid growth. As opposed
to this, maturation is often later in higher latitudes so that the time available for growth
during the whole life of the organism is longer (Wimpenny 1941, Coe and Fox 1944; see
also Phleger 1960 and Bradshaw 1961).

Regional variations of size in relation to temperature are generally slight and often
not readily recognizable (Gunter 1947b, Kristensen 1957). Temperature does not there-
fore seem to be a particularly significant factor in stunting, at least at the species level.

Oxygen content. Aquatic invertebrates differ considerably in their oxygen requirements,
and experiments by Fox and Taylor (1955) on species of molluscs, worms, and crusta-
ceans showed that some actually lived longer, and the young grew bigger, in water that
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was only one-fifth aerated than in fully aerated water. Pure oxygen can actually have
a toxic effect. Fully aerated water is probably exceptional, however, in natural conditions
on the sea bottom and it would perhaps have been more illuminating if the authors had
made more realistic comparisons and discussed more fully the natural environment of
the organisms under study. A pronounced deficiency of oxygen in the environment is
known in fact to inhibit growth considerably, due allowance being made for certain species
which are seemingly well adapted to such conditions. Stunting as a result of this factor
has been recognized in foraminifera (Miller 1953, Said 1953), gastropods (Crabb 1929,
Humphrey and Macey 1930), and lamellibranchs (Kindle 1930). Twenhofel (1915)
described a bottom fauna in poorly aerated black muds in sheltered bays off the Estonian
coast which was stunted to a fifth or a quarter of the normal size. He did not, however,
evaluate the influence of low salinity.

Alternative causes of stunting in this casc can be suggested. Body metabolism would
be expected to diminish in conditions of low oxygen availability, and hence feeding and
growth would be retarded. This is to some extent supported by the observations on
Mytilus referred to earlier. On the other hand, oxygen deficiency is characteristic of
bodies of stagnant water so that the amount of food brought in by currents would be
little. This could result in the starvation of suspension feeders but could hardly be rele-
vant to carnivors or deposit feeders since the amount of organic matter available in the
bottom deposits of such stagnant bodies is normally considerable.

Turbidity. Kristensen (1957) found that both floating plant detritus, temporarily de-
posited on the bottom, and high silt content of the water inhibit the growth of Cardium
ednle, which apparently tends to grow faster on sandy than on muddy bottoms. Other
things being equal, this differential growth will result in the attainment of larger size
at maturity. Rapid growth in regions of strong currents is related to the removal of
inhibiting suspended matter. The growth of Mytilus edulis is also, according to Kristen-
sen, inhibited by very turbid water. According to de Lapparent (1906, p. 132) the eastern
part of the Mediterranean has more stunted animals than the western; this is attributed
to the influence of scdiment from the Nile but it is not made clear whether or not sedi-
ment in suspension is the significant factor. Eagar (1948) quoted the results of experi-
ments showing that silty sedimentation can kill mussels. Turbidity was in this case
excluded as a factor because of the survival of forms suspended above the bottom in
crates. All that appears to have been demonstrated here is the destruction of juveniles,
not the inhibition of growth.

Turbidity probably inhibits the growth of suspension feeders by disturbing normal
feeding activities. Thus Loosanoff and Tommers (1948) clearly showed in their experi-
ments on oysters that when the silt content of the water was raised, the quantity of water
pumped through the gills (and hence the quantity of food consumed) fell sharply. They
agreed with the earlier observations of Nelson that oysters can feed in turbid water but
wished to emphasize that an increase in turbidity usually causes a decrease in feeding
rate. This seems to be a significant observation, since any organism which flourished on
a muddy bottom must inevitably be adopted to a certain amount of turbidity.

Exposure to waves. While it has been scen that rapid water movements may aid growth
of suspension feeders by removing fine sediment, extreme agitation can have an in-
hibiting effect.
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It is relevant to mention here the results of Brown and others (1938) who studied the
variation with environment of eight freshwater lamellibranch species. They found that
size was greatest in almost every case in a sheltered locality and smallest in a very much
exposed one, and concluded from this that wave action had a stunting effect upon growth.
Gibson (1956) observed a similar relationship among scallops and suggested that exces-
sive particle bombardment interfered with feeding. Kauffman (in press) discusses this
effect of agitated water on shallow-water epifauna in general. Coe and Fox (1944)
thought that storms could inhibit the feeding activity and hence the growth of mussels.

Though these various observations may have quite a general validity, it must be borne
in mind that certain specialized animals are well adapted to strong wave action. Balanus
balanoides, for example, is largest and most common in the areas of greatest wave
exposure (Moore 1935). Doochim and Smith (1951), however, showed in the case of
three species of Balanus on the Florida coast that strong currents resulted in lower
growth rates and higher mortality.

Population density. It could be argued a priori that a high population density on the sea
bottom would result in a smaller mean size of the individuals composing the population
because of the relatively intense competition for food. Alternatively it could be argued
that a high density of successfully settled organisms largely represented a response to
an abundant food supply. Yonge (1961) made an important distinction in this respect
between suspension and deposit feeders. The former can live crowded closely together
if the water currents bring in abundant food whereas deposit feeders such as the Telli-
naceae are more or less uniformly spaced out, each with its feeding area.

Such empirical observations as are available suggest that there may in fact be an
inverse relationship between individual size and population density, both in deposit
feeders such as Tellina (Moore 1958, p. 388) and suspension feeders such as Balanus
(Moore 1935) and Teredo (Isham et al. 1951). Kristensen (1957) gave some quantitative
data on this inverse relationship for Cardinm. Crabb (1929) performed experiments
which appeared to demonstrate this effect for certain gastropods.

Bottom sediment. Whereas the character of the bottom sediment is extremely important
in controlling the distribution of benthonic communities (Jones 1950, Yonge 1961) it is
in itself of limited significance in influencing growth within individual species adapted
to a particular type of environment. The importance of the type of sediment lies largely
in the indication it gives of the strength of the water movements and it is to this more
fundamental factor that palaeoecologists should normally refer their interpretations.
Among deposit feeders, however, the character of the sediment may play a more signi-
ficant role, since it is the direct source of food. Thus McNulty ef al. (1962) have found a
high correlation between the size of the dominant organism and particle size among a
deposit-feeding infauna in Biscayne Bay, Florida.

It is possible that a soft bottom could influence size, in that animals larger (and heavier)
than a certain critical value would sink into the sediment and be suffocated, and fine
mud could clog the feeding mechanisms of burrowers and hence inhibit growth, but
I know of no recorded instance of stunting as a result of these factors.

Other factors. In this section brief consideration will be given to a number of factors
which have been proposed at one time or another, mainly by palacontologists, to account
for stunting, but which appear to be irrelevant or of very limited application.
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That depth of sea as such is unimportant as an environmental factor is demonstrated
by the well-known fact that certain members of level bottom communities in shallow
water in the Arctic Ocean are found at depths of 1,000 to 2,000 metres on similar bot-
toms in warm temperate and subtropical seas, indicating that the controlling factor is
temperature (Thorson 1957).

Though Shimer (1908) suggested that the reduction in size of animals at depth might
be related in part to the small amount of light penetrating to the bottom, no supporting
evidence was given. The amount of light is probably important only in the special case
of reef corals, since Goreau (1959) found that their growth was significantly diminished
by its exclusion. He concluded that the effect of light on growth was mediated in part
through the zooxanthellae.

The possible influence of hydrogen ion concentration in sea water has been referred
to by several workers. Humphrey and Macey (1930), in their research on Littorina in
tidal pools, noted a correlation between size and pH, though it is not clear how rigorously
they excluded other factors such as oxygen content and salinity. Lalicker (1948) also
stated that the size of the ciliate Paramecium decrcased with pH, but remarked that the
low pH values were often associated with abundant decomposing organic matter. This
introduces the possibility that oxygen deficiency rather than pH might have been the
significant factor involved in the size reduction. Scott (1948) suggested that low pH was
a prime factor in stunting, quoting the work of Humphrey and Macey. He also referred
to some experimental observations indicating that acid-toxic waters lower the absorptive
capacity of the gut epithelium in certain lamellibranchs, so that stunting would be a
natural consequence. Be this as it may, such observations have little relevance to sea
water, which has a very constant, mildly alkaline pH owing to the buffering action of the
calcium carbonate-bicarbonate-carbon dioxide system.

The chemical composition of sea water is normally very constant and is unlikely to
have differed appreciably in the comparatively recent geological past, since the time that
highly organized invertebrates first appeared. Hence various suggestions by palaconto-
logists that abnormal concentrations of certain ions might have caused stunting in fossils
have an air of implausibility. Much has been made, for instance, of the observations of
Sarasin (1913, 1917) in support of the idea that a high concentration of iron can have
an adverse effect upon growth. Sarasin discovered that certain ponds with a rock sub-
stratum rich in iron contained minute gastropods, crabs, and fish that were supposedly
stunted. No chemical analyses of the water were given, however, nor the possible in-
fluence of other factors considered. There remains, morcover, the considerable doubt
whether the restricted and perhaps rather special environment of these ponds has much
relevance to conditions in the sea.

Similar doubts surround the experiment cited by Loomis (1903) in which small tad-
poles, fish, and snails were kept in an aquarium in which the water was saturated with
an iron compound; all the individuals showed stunting effects after several months. One
would like to have known more about the degree of oxygenation and the availability
of food compared with the natural environment before accepting that the iron was the
principal cause of stunting. Again, such experiments as this are irrelevant to conditions
in the sea, where the water is never saturated with iron compounds. Moreover, the signi-
ficance of iron concentration is doubtful, since it is its availability in chelated form and
not its total quantity that matters (H. B. Moore, personal communication).
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It may be true that the presence or abundance of certain cations such as ‘Cu’ retard
or stop growth (Tasch 1953), though this is denied for crustaceans by Scott (1948), but
again the claim is open to the charge of irrelevance. Tasch proposed, furthermore, that
the water polymer trihydrol, produced by melting ice, might have an important in-
fluence, based on experiments on the growth of diatoms. No evidence was adduced that
this is true also for benthonic invertebrates and no marine ecologist has, to my know-
ledge, ever suggested this. Similar doubts surround Tasch’s suggestion of the possible
importance of sulphoxide and sulphhydrol.

Grabau (1931) thought that the high magnesium chloride and sulphate concentrations
in the Gulf of Pechili might have played a role in the stunting of a number of inverte-
brates but such stunting could in this case be merely the consequence of reduced salinity
(see above).

Another suggestion favoured by a number of palaeontologists relates to the existence
of ‘algal meadows’ in very shallow waters. Dr. Fergusson Wood has kindly offered the
following statement. ‘So-called “algal meadows” consist of either true algal meadows
or meadows of sea-grasses. The former grow attached to a rock substrate or on a sedi-
ment in the littoral or supra-littoral. In the first case they consist of brown algae such
as Fucus, Hormosira (in the Southern Hemisphere), Sargassum, or as algal “forests’” of
Ecklenia, Laminaria or Macrocystis, or of coralline red algae, particularly in warmer
waters. The latter are usually filamentous green algae such as Enteromorpha, Cliaeto-
morpha, Halimeda &c. or blue-greens such as Oscillatoria or Lyngbya. This community
frequently has a reducing layer below and the algae are possibly capable of photo-
reduction of CO,, getting the hydrogen from H,S rather than H,O. The sea-grass
meadows usually have an oxidized layer at the surface of the sediment and a reduced
layer or region below. The most important association, however, is frequently the
epiphytic community which consists of diatoms, blue-grcens, and red algae such as
Ceramium, Polysiphonia and Lawrencia which may outweigh the sea grass.’

‘Algal meadows’ provide a multitude of micro-environments harbouring a rich and
highly diverse animal life dominated by the epifauna. The fauna may be small as in-
dividuals, as apparently in Messina Harbour (Fuchs 1871). Fuchs maintained that this
was the consequence of the concentration of juveniles in the meadows as a result of the
physical exclusion by the algae of larger forms. If this interpretation is correct it
obviously has nothing to do with true stunting. Evidence of stunting of mature indi-
viduals in any algal meadow appears indeed to be lacking at present.

INTERPRETATION OF STUNTING IN FOSSILS

Criteria for establishing maturity. The palaecontologist is naturally handicapped in the
recognition of stunting because he cannot prove conclusively that given fossils represent
sexually mature organisms. The most lie can hope to do is make a reasonable case by
establishing (@) that the suspected stunted fossils differ only in their smaller size from
other forms of the same geological age, suggesting that they may belong to the same
species, and (b) that the characters of the fossil shells correspond with those of sexually
mature living organisms. Unless this is done the sceptically minded can maintain either
that the small fossils belong to naturally small species or that they represent juveniles.
















































