
INTRODUCTION

Efforts are beginning to mine the deep-sea floor on a 
large (industrial) scale for rare earth elements, although 
sporadic mining for such minerals in several areas have 
already been done. The UN is trying (so far without suc-
cess), to arrive at consensus about an international treaty 
regulate such efforts (https://www.abc.net.au/news/2022-
06-28/united-nations-chief-says-egoism-preventing-
global-ocean-treaty/101189426). Some small Pacific 
nations have strongly protested expressing fears that deli-
cate marine ecosystems may be disturbed (https://www.
abc.net.au/news/2022-07-02/outgunned-island-states-
vow-to-fight-deep-sea-mining/101203290). They have 
been calmed by assuring them that the seafloor is well 
known, containing mainly bacteria, and that observations 
over extended periods have been done. However, this is 
demonstrably wrong, as shown in the following.

DEFINITION OF EQUILIBRIUM

Rohde (2005) has discussed the definition of equilib-
rium systems given by various authors. Here we define 
an equilibrium system as one which returns to its origi-
nal state after a disturbance. If the deep-sea ecosystem 
is in equilibrium, even major disturbances such as those 
caused by mining (dredging) will only lead to temporary 

loss of diversity, because the flora and fauna will soon be 
replaced by individuals of the same species from adjacent 
undisturbed habitats. If the ecosystem is not in equilib-
rium, the loss is permanent, i.e., the gap can only be filled 
in evolutionary time.

DIVERSITY AND BIOLOGY OF MARINE 
MEIOFAUNA

Early estimates of marine biodiversity differ widely. 
Thus, Lambshead (1993) estimated that the total for 
macrofauna could reach 10 million species, and the total 
meiofauna ‘an order of magnitude higher’. Briggs (1994), 
on the other hand, using specialist advice for the various 
taxa, gave estimates for the total terrestrial species fauna 
of 1 million, and the total marine diversity as less than 
200,000. Recent reviews (Appeltans et al. 2012, Costello 
& Chaudhari 2017), again using specialists’ advice but 
also rates of discovery, seem to have settled the question: 
marine biodiversity is much lower than terrestrial plus 
freshwater diversity.

And “…discoveries of cryptic, deep-sea, microscopic, 
and parasitic diversity will not alter the overall pattern of 
species richness”, because microscopic species, and per-
haps other taxa, have high local but low global species 
richness compared with larger taxa. Reasons given are 
a supposed homogeneous structure of deep-sea habitats 
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compared with terrestrial ones. However, some marine 
habitats may well look homogeneous to humans, but 
are in fact highly complex for small organisms living in 
them. for example, the interstitial micro- and meiofauna 
of sandy beaches face two gradients, a physical-horizon-
tal and a chemical-vertical gradient (fenchel et al. 1967, 
Armonies & Reise 2000) which explains the astonishing 
species diversity in beaches. Benthic habitats in the deep 
sea may differ in depth, currents, types of substrata (rocky, 
muddy, sandy with different grain size etc., reflected 
by remarkable adaptations of meiofaunal animals (e.g., 
Rohde et al. 1993). 

The methods used (expert estimates, rates of discovery 
of new species) may lead to wrong conclusions because 
some large biomes have been severely underexamined 
and may be practically unknown. New species may be 
discovered at decreasing rates in relatively well-known 
biomes, but who discovers them in biomes which have 
been more or less ignored? These include coastal and 
deep-sea meiofauna and their parasites. Rohde (2016) 
pointed this out with special reference to parasites of 
deep-sea and coastal meiofauna. Concerning benthic 
communities, the deep-sea fauna of the Mediterranean 
has been better explored than that of most other seas, but 
Sevastou et al. (2012) concluded that the Mediterranean 
“deep-sea floor remains largely unexplored”, and they 
stress that it is a complex system with wide habitat het-
erogeneity. These authors compared spatial patterns of 
the dominant small-size components of deep-sea benthos, 
metazoan meiofauna and bacteria 4 km in depth at 73 sta-
tions and found high diversity. Microbial richness tends 
to increase with depth, and there is a gradual change of 
meiofauna structure towards abyssal stations (further ref-
erences for studies on Mediterranean new deep-sea meio-
fauna in that review paper). Bianchelli et al. (2010) exam-
ined the metazoan meiofauna in six deep-sea canyons and 
five adjacent open slopes of three deep-sea regions along 
more than 2500 km on the Portuguese to the Catalan and 
South Adriatic margins, from the shelf break to about 
5000 m depth. They found great differences in abun-
dance, biomass and species diversity, determined by food 
sources and topographic features. However, taxa were 
identified only to the level of large taxa (e.g., Turbellaria, 
Cnidaria). Nematodes and harpacticoid copepods rep-
resented up to 98% of the abundance. Curini-galletti et 
al. (2012) examined soft-bodied meiofauna from littoral 
beaches and rock pools to sublittoral sediments to a depth 
of c.37 m along the northwestern coast of Sardinia, Medi-
terranean, and found that numerous species of Proseriata 
appear to be limited in their distribution to a small sector 
of the study area, suggesting a high degree of endemic-
ity. Rohde (2002) discussed earlier findings for deep-sea 
diversity (further references therein).

In the following, we concentrate on the intertidal 
micro- and meiofauna of beaches, a biome that may look 
barren to the human observer but in fact is a complex sys-

tem, very ancient with a long evolutionary history. few 
thorough studies of these faunas have been made, but 
among them is one that is more thorough than that of any 
deep-sea habitat and can therefore serve as a model for 
comparable studies in the deep-sea.

By far the most thorough study of the micro- and mac-
rofauna of a sandy beach, conducted by many research 
workers over many years, is that of the Island of Sylt, 
North Sea. In this study, 652 species were recorded from 
the intertidal zone of one beach, including Turbellaria 
(32 % of all species), Nematoda (27 %), Ciliata (11 % – 
however, the smallest species were not included), Copep-
oda (10 %), gastrotricha (7 %) and 9 other taxa. 25 times 
as many meiofaunal than of macrofaunal interstitial spe-
cies were recorded, among them 148 new species, and 
not only the taxonomy, but the biology (at least of some 
species) was studied. The results were published in many 
papers and reviewed by Armonies & Reise (2000). Very 
similar congeneric species may occur in the same habitat, 
with only minor differences in the choice of prey, which 
shows that only very careful taxonomic and ecological 
studies can reveal the true number of species. The authors 
estimate that 850 species compose the entire interstitial 
fauna at the “particularly well studied” beach at Sylt. Con-
cerning the platyhelminths alone, Reise (1988) recorded 
435 species from around the entire island (compared with 
207 from the well-studied beach), which included beaches 
with a range of characteristics. Armonies & Reise (2000) 
estimate that there may be about 1600 interstitial species 
around the entire island. A re-examination about 15 years 
later of some groups revealed almost no additional spe-
cies. 

of 74 species of turbellarians at the well-studied beach, 
60 % reproduced only once and 15 % twice a year (Armo-
nies & Reise 2000). These species do not have pelagic 
larvae. Hence, these authors conclude, absence of rapid 
dispersal “implies, on an evolutionary time scale, ample 
possibilities for founder effects and genetic drift in small 
populations, generating a high number of species” in an 
ancient habitat “which persisted essentially unchanged 
since the beginning of metazoan life”.

As documented in the review by westheide (1991), 
although not as exhaustive as the studies at Sylt, similar 
studies on the galapagos Islands, largely by some of the 
same group of researchers, have identified about 390 spe-
cies of meiofauna, most of them new species. However, 
almost 95 % of the identified species are from genera 
already described from elsewhere. These islands are only 
2-3 million years old, and at least some of the species may 
have evolved at the islands, although comparative studies 
in the eastern Pacific are inadequate and the proportion 
of endemic species and genera can therefore not be accu-
rately given (westheide 1991). for the Platyhelminthes, 
one of the most abundant and species-rich groups, almost 
all species were new including some new genera.
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The land faunas of small islands are typically very spe-
cies-poor, whereas the intertidal meiofauna of the gala-
pagos Islands is rich in species, although species numbers 
of Platyhelminthes at the galapagos Islands are markedly 
smaller than at Sylt. Very few meiofaunal species have 
pelagic larvae, and since the galapagos Islands are oce-
anic, the shortest distance to the American continent of 
1000 km and without a known landbridge to a continent 
in the past, species must have arrived over the last three 
million years by some other means, most likely on drift-
ing material.

dittmann (1991) examined meiofauna of beaches in 
northeastern Australia, but species were not identified 
to the species level. Blome, faubel & Schleier (unpubl)1 
examined the meiofauna of beaches along the Austra-
lian east coast, but the study was not completed because 
of lack of funding (Blome, faubel & Schleier unpubl). 
Nematodes were the most diverse and abundant group, 
followed by copepods and platyhelminths. Some spe-
cies descriptions of platyhelminths have been published, 
including that of a new and unique turbellarian (Miller 
& faubel 2003). faubel (pers comm) found 202 species 
between Thursday Island and Batemans Bay. None of 
them are known from Sylt and other European localities, 
although some belong to genera and families known from 
boreal and temperate latitudes in Europe. There appear to 
be latitudinal differences in species composition.

In samples of the benthos taken at 20, 50 and 100 m 
along thirteen positions off the South African east coast 
off KwaZulu Natal over several years, meiofauna were 
dominant, constituting at least 70 % of benthic composi-
tion (McClurg 1988). Nematodes were the most numer-
ous, followed by annelids and arthropods. Taxa were not 
identified to species level.

worldwide, a high proportion of all described spe-
cies, are parasitic, which makes the parasitic way of life 
one of the most successful on Earth (Poulin & Morand 
2004, Rohde and Vaughan, in press). There were at least 
60 independent transitions from free-living to obligate 
parasitism (Poulin & Morand 2004). None have been 
described from marine meiofauna in coastal and deep-sea 
habitats. Perhaps meiofaunal animals are too small and 
their habitats too difficult to access for successful infec-
tions. Alternatively, parasitic species may be common but 
no systematic surveys to find them have been made. At 
Sylt, small ciliates were found but not described, and they 
are the most likely candidates among the observed spe-
cies to be parasitic. 

Rohde (2013) has described many examples of com-
munities in equilibrium or in nonequilibrium. Marine 
meiofauna should be added as an example of communi-

1 Blome d, faubel A, Schleier U (unpublished). Investigations 
of eulittoral meiobenthos of exposed sandy beaches of eastern 
Australia: including catalogues of free-living marine nema-
tode, gastrotrich, and turbellarian genera. 

ties of uncertain ‘status’: too little is known. And this is 
probable for most communities, whether on land or in the 
sea. Studies of environmental dNA have shown major 
gaps in our taxonomic knowledge of deepsea meiofauna 
(Sinniger et al. 2016), and Rohde (2010) has shown how 
little we know about marine parasite diversity.

CONCLUSION

we conclude that the interstitial meiofauna of beaches 
and probably the ocean floor generally has very high local 
and probably global diversity, because many small meio-
faunal animals do not disperse widely and do not pro-
duce many offspring. Rohde (2005 and further references 
therein) has discussed characteristics of communities that 
make nonequilibrium conditions more likely. Among 
them are a high degree of endemicity and limited scope 
for dispersal, as likely to be found in the benthic marine 
meiofauna. Long evolutionary history under conditions 
that have not changed as drastically as those on land, on 
the other hand, may make the establishment of equilibria 
more likely. Taxonomic and biological studies are urgent-
ly required of the meiofauna of beaches and in the deep-
sea. with regard to planned large-scale exploitation for 
rare earth elements on the ocean floor, we strongly urge 
that any such enterprise should be preceded by careful 
taxonomic and biological studies of benthic organisms. In 
view of our scanty knowledge, it is impossible to predict 
whether an oceanic benthic habitat will return to an equi-
librium after mining. The role of benthic meiofauna in the 
oceans is practically unknown, but it is likely that benthic 
meiofauna is a food source for larger animals higher up 
in the food chain. It is possible and indeed likely that cas-
cade effects may have significant effects on communities 
of such larger animals, with potentially global implica-
tions. After all, the oceans cover about two thirds (71 %) 
of the Earth’s surface, and many countries depend on 
marine ecosystems for their main food source.
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