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Figure 23 Posterior
end of Ansiruptodera
from a rodent of the
genus Oxymycterus
from Bolivia. The
gubernaculum can
be seen protruding
from the cloaca of
this specimen. The
cuticularized sucker
is also easily visible
surrounded by
sensory papillae.

Figure 24 Posterior
end of Trichuris from
a Bolivian species of
Ctenomys. The long
spicule and everted
spicular sheath can
be seen.

Figure 25 Posterior
end of the

filaroid nematode
Litomosoides from
Ctenomys opimus
from high-altitude
western Bolivia. Note
the dimorphic nature
of the spucules in
this species one
being long and
filamentous the
other being short
and stubby.
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by Egyptian physicians around 3552-3550 y.o.) which was obtained and
translated by the Egyptologist “Ebers” in 1872 (Chitwood and Chitwood
1977; Maggenti, 1981). In the extant literature, the first mention of a nem-
atode from a nonhuman animal was by Hippocrates about 2430 years ago
where he described the occurrences of pinworm nematodes of both horses
and human females. From that time, little further was discovered until Al-
bertus Magnus and Demetrios Pepagomenos (in the thirteenth century,
Rausch, 1983) recorded nematodes from falcons (also see Chitwood and
Chitwood, 1977).

With the development of the microscope and the emergence of Europe
from the dark-ages, knowledge of nematodes as parasites of plants and ani-
mals and of free-living forms expanded rapidly. It was found that nematodes
occurred everywhere people looked, in fact, Anton van Leeuwenhoek first re-
cording the presence of vinegar eels "Anguillula aceti" in his vinegar stored
for personal use in a letter dated 21 April 1676 although he was not aware
that others had reported finding nematodes some time earlier (Dobel, 1932).

Recent estimates of infections of humans with common human parasitic
nematodes give the following numbers (Crompton, 1999): Of a total human
population size of about 6 billion individuals (in the year 2000) the stron-
gylid hookworms, Ancylostoma duodenale and Necator americanus infect
about 1,298,000,000 (22%) and the large intestinal nematode, Ascaris lum-
bricoides occurs in about 1,472,000,000 (25%) people at any one time in
the world. Obviously, many people harbor more than one species of nema-
tode at a time, and it is common for people to sport Ascaris, Necator, Trich-
uris, and Enterobius simultaneously. The author provides the following esti-
mate to indicate just how important these organisms are in the web of life
on earth. To put the number of infections of just humans in perspective, the
author made the following extrapolations: An adult female Ascaris produces
200,000 eggs per day at an average rate of about 5grams of eggs per year.
Actual data for Ascaris in humans that are infected show an average of 18
worms per infected person. Given that ¥z of these are females, the author
calculated that nine worms per person will produce about 45 grams of eggs
in the feces of the host per year. In one year the total population of Ascaris
in humans worldwide is conservatively estimated to produce 66,240,000 kg
or 66,240 metric tons (72,864 tons (English)) of eggs; this is equal in weight
to about 348 large adult blue whales, 8,832 adult male elephants, or 364
fully loaded railroad coal cars.

Estimates of the number of human infections in the year 2000 by other
species of parasitic nematodes are shown in Table 1. At the present time,
approximately 138 species of nematodes have been reported from humans
(Crompton, 1999) with 32-36 being host specific.
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Table 1. Numbers of common nematode infections in humans worldwide

Species of Nematode Numbers Infected Distribution
Ancylostoma duodenale and 1,298,000,000 World-wide
Necator americanus

Ascaris lumbricoides 1,472,000,000 World-wide

Brugia maylayi and B. timori 13,000,000 South Pacific, SE. Asia, India

Dracunculus medinensis 80,000 Sub-Saharan Africa and Yemen

Loa loa 13,000,000 West and Central Sub-Saharan

Africa and Yemen

Onchocerca volvulus 17,660,000 Central and South America and
Sub-Saharan Africa

Strongyloides stercoralis 70,000,000 Temperate regions

Trichuris trichiura 1,049,000,000 World-wide

Enterobius vermicularis 400,000,000 Temperate regions

Source: Data from Crompton DWT (1999) How much human helminthiasis is there in the
world? Journal of Parasitology 85: 397-403.

The Science of Nematode Diversity

Nathan A. Cobb, one of the first scientists in North America to advance nem-
atology, was a student of the renowned German zoologist, Ernst Haeckel.
After just a few years of research spanning the globe from Europe, Austra-
lia, and North America, Cobb amassed a huge amount of knowledge and
came to have a deep appreciation of the immense number of species that
existed. With scientific knowledge based on keen observational skills, he un-
derstood the nature of both the great numerical density and species diver-
sity of nematodes in all habitats of the globe that he examined. Thus armed,
he wrote the following:

“In short, if all the matter in the universe except the nematodes
were swept away, our world would still be dimly recognizable,
and if, as disembodied spirits, we could then investigate it, we
should find its mountains, hills, vales, rivers, lakes, and oceans
represented by a film of nematodes. The location of towns would
be decipherable, because for every massing of human beings
there would be a corresponding massing of certain nematodes.
Trees would still stand in ghostly rows representing our streets
and highways. The location of the various plants and animals
would still be decipherable, and, had we sufficient knowledge, in
many cases even their species could be determined by an exam-
ination of their erstwhile nematode parasites.



S.L. GARDNER IN ENCYCLOPEDIA OF BIODIVERSITY 7 (2013) 21

We must therefore conceive of nematodes and their eggs as al-
most omnipresent, as being carried by the wind and by flying
birds and running animals,; as floating from place to place in
nearly all the waters of the earth; and as shipped from point to
point throughout the civilized world in vehicles of traffic.” (From
Cobb (1914).

As if challenged by this assertion, scientists have tested Cobb’s hypotheses
by examining the extremes of the biosphere on earth to evaluate the limits
of nematode life. Through these investigations, biologists have now shown
that nematodes are living and reproducing everywhere on Earth that water
exists in a liquid state even for short periods of time annually.

Diversity of Habitats and Distribution
General

The most obvious ecological character that defines habitats for members
of the phylum Nemata is that they all are aquatic animals — to move, live,
eat, and reproduce, nematodes must exist in an aqueous environment. This
environment includes soils, muds, sands, plants, and animals. They can be
found living in soils with moisture contents as low as 5-10%, but in the ma-
jority of these cases, the nemas are associated with the roots of plants. It
is evident that the environment in which nematodes live constrains their
ultimate size. Soil dwelling species live in the water film of the interstices
of soil particles. Nematodes, must live and carry out all functions of life in
these spaces, thus free-living, or plant-parasitic soil-dwelling forms are usu-
ally extremely small. Morphological diversification of nematodes can op-
erate only within the constraints of their life-history parameters, and thus,
evolutionary pathways for nematodes living in an interstitial — soil or sed-
iment/sand environment are limited. Thus these forms have limited abili-
ties to diversify into the nonaquatic regions of the earth, and their size is
constrained by this fact.

In contrast to the small sizes of plant-parasitic, free-living marine, fresh-
water, or soil nematodes (some adults can be as small as (Criconemoides)
with an adult length of around 250 mm), species that occur as parasites of
animals are free from the physical constraints on their size and the bodies of
species in mammals are, therefore, relatively large. In fact, the largest nem-
atode thus far recorded is Placentonema gigantissima from the blue whale
with a length of more than 8 meters (Maggenti, 1981). The ratio between
the smallest adult nematode to the largest can be calculated as (0.250 mm
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(Criconemoides)/8,000 mm (Placentonema)=0.000031), compared to the ra-
tio between a shrew and a blue whale (50 mm/ 24,4000 mm=0.12), indicat-
ing that the size differences in nematodes are three orders of magnitude
greater than the mammals.

In the marine-benthic environment Lambshead (1993) has estimated
(based on transect data from deep sea benthic samples) that there may be
as many as 100 million species of marine infaunal nematodes. As exorbi-
tant as that estimate seems, deep-sea nematodes have been show to be ex-
tremely rich in species diversity. One marine sediment sample from the east-
Pacific benthos was reported to contain 148 species from a total of only 216
individual specimens examined (Lambshead 1993). At the present time the
true extent of species diversity in the marine benthos can only be imagined
because fewer than 20 studies of nematode community structure from ma-
rine-benthic habitats have been reported (Boucher and Lambshead, 1995).
Relatively recent data from Boucher and Lambshead, 1995 shows that in
marine environments the highest diversity in nematodes occurs in abyssal
benthic sediments.

We now know that great numbers of individuals and species of nema-
todes live in sediments on the ocean floor distributed from the intertidal
continental margins to the benthos of the abyssal zones, even though these
marine habitats remain unexplored. Nematodes occur in tissues and or-
gans of all species of vertebrates that have been studied and some, such as
Physaloptera spp. live, feed, and reproduce in the strongest stomach acids
of mammals, birds, and reptiles. Desiccated specimens from both the Arc-
tic and Antarctic have been rehydrated to form viable colonies and living
nematodes have been found in the limited meltwater in some of the dry
valleys of Antarctica, an area that is probably one of the most extreme bio-
topes on the earth.

Extreme Biotopes

Some of the most extreme soil habitats on the Earth exist in the Dry-Val-
leys of the Antarctic where the annual mean air temperature is -20 °C, and
soil temperatures at a 5 cm depth for the two “summer months” range from
—-2.71 to 15.9 °C. In this area, no vascular plants grow and mosses and li-
chens are rare; this is the only terrestrial soil-system known where nema-
todes are the final consumers and are at the apex of the food chain (in this
case it seems more of a chain than a web). Three nematode species exist in
these dry soils, Scottnema lindsayae, a microbivore (feeding on bacteria and
yeast), Plectus antarcticus (a bacterial feeder), and Eudorylaimus antarcticus,
an omnivorous predator that presumably feeds on individuals of the other
two species (Powers et al., 1998). In another biological extreme, Death Valley
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in California has recorded some of the highest temperatures in North Amer-
ica and the soils of the valley are teeming with nematodes, many of which
have been discovered to possess similar adaptive traits to those found in
the cold deserts of Antarctica.

Individuals of some species of Nemata are capable of resisting extended
periods of desiccation, for example, 3rd stage juveniles of Anguina tritici
have been dried for more than 20 years in a state of anhydrobiosis in which
all metabolic activities are shut down (Maggenti, 1981). These nematodes
have been shown to have specialized proteins that fold into stable/preserved
structures as the organism dries. In this state of crypto or anhydrobiosis, in-
dividual nematodes can remain viable through incredible extremes of tem-
perature, desiccation, hypoxia, and even synthetic nematicides designed to
kill nematodes (of course the regular biochemical processes that nemati-
cides interfere with are not operational, so the nematode does not notice
this particular assault). When water again becomes available, the animal in
fact comes back to life when the molecular structures rehydrate and the pro-
teins and enzymes spring back into normal operation.

Habitat Diversity

Nematodes occupy every conceivable life-history niche. There are benthic
deep-water marine forms that appear to consume mostly diatoms and others
such as species of the genus Draconema (Figures 5(a), 6) that are mostly as-
sociated with marine algae, but it is still unclear what they actually eat. Nem-
atodes of the genus Dirofilaria live in the aorta and left ventricles of canids
and are transmitted by mosquitoes from dog to dog. Species of nematodes
live in the hearts of sharks, and other species occur by the thousands weigh-
ing more than one kilogram in the stomach of a pilot whale (SLG pers. obs.),
and, as the human consumption of raw marine fish (ceviche and sashimi) has
increased, transfer of juvenile Anasakis, Terranova, and other anasakines from
the fish intermediate host to humans is occurring more commonly and these
nematodes are turning up as parasites in the stomach of humans.

Some species feed on fungi in the soil whereas others are trapped and
are themselves consumed by different species of fungi. Still other nematodes
like Mononchus (Figure 1(b)) and Clarkus (Figure 16) are predatory and hunt
and eat other nematodes in the soil environment. Free-living bacterial feed-
ing nematodes have been shown to be integral parts in the carbon and ni-
trogen cycles in healthy soils (Ferris et al., 1998) and recent survey work has
shown that undisturbed or natural soils in noncultivated habitats can have as
many as 20 times more species than soil from similar areas that have been
under cultivation (Al Banna and Gardner, 1996).



S.L. GARDNER IN ENCYCLOPEDIA OF BIODIVERSITY 7 (2013) 29

Table 2. Nematode species Classification and Location in Host

Trichuris fossor Sub-Phylum Adenophorea
Cecum and large intestine
Sub-Phylum Secernentea

Ransomus rodentorum Cecum/small intestine
Vexillata vexillata Duodenum

Vexillata convoluta Duodenum
Heligmosomoides thomomyos Duodenum
Litomosoides thomomydis Mesentaries
Litomosoides westi Mesentaries

Of members of the vertebrate Class Mammalia, one of the most com-
plete sets of nematode parasite data exists for rodents of the family Geo-
myidae. Of the approximately 35 known species of pocket gophers (Wilson
and Reeder, 1993), at the present time only 15 species have been surveyed
for parasitic nematodes. From those 15 species, six species of nematodes
are known to be host-specific only to geomyids. Some nematodes such as
the strongylid Ransomus rodentorum and the heligmosomid Heligmoso-
moides thomomyos and filarioids of the genus Litomosoides have been re-
ported from more than one species of gopher, other nematode species such
as Vexillata vexillata occur only in gophers of the tribe Thomomyini (genus
Thomomys) but do not appear to be host-species specific.

These mammals occur in an extremely wide and ecologically variable
geographic area (from southern Manitoba and British Columbia south to
extreme northern Colombia) therefore, there may be many more unde-
scribed or undetected species of nematodes in these hosts than this anal-
ysis provides. In addition, no studies on genetic diversity of nematodes (or
any endoparasites) in these rodents have been published, therefore, levels
of genetic variation in these nematodes are unknown and the true genetic
diversity that exists will probably cause an increase in the number of nem-
atode species that are recognized.

There is little if any evidence of phylogenetic coevolution of the nema-
tode parasites and their pocket gopher hosts. However, all species listed are
specific to species of the family Geomyidae and both Litomosoides and Vex-
illata appear to exhibit some level of phylogenetic host specificity with two
closely related North American species of Litomosoides being found only in
geomyids (Brant and Gardner, 2000) and species of Vexillata occurring more
generally in members of the Geomyoidea.
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Table 3. Nematode species Classification and Location in Host

Trichuris (43 spp.) Sub-Phylum Adenophorea
Cecum and large intestine
Sub-Phylum Secernentea

Ancylostoma caninum (host capture Duodenum
in synanthropic species of rodents?)
Pudica sp. Host capture from Muroid rodents. Duodenum
Litomosoides (2 spp.) Peritoneal cavity and mesenteries
Paraspidodera (46 spp.) Cecum and large intestine

Nematodes of Tuco Tuco’s (Ctenomyidae)

A review of the nematode parasites occurring in Neotropical rodents of the
genus Ctenomys indicates a considerably more depauperate fauna of nem-
atodes as compared with the Nearctic Geomyidae (Table 3). Data collected
from 1984 up to the present time indicate that nematodes of the genera
Trichuris and Paraspidodera have cospeciated with their hosts and exhibit
different levels of phylogenetic congruence relative to their hosts. In addi-
tion, nematodes of the trichostrongyloid (O. Strongylida) genus Pudica were
encountered only two times from the same species of Ctenomys in one lo-
cality (from a sample of more than 500 individuals and more than six spe-
cies of hosts examined). The occurrence of A. caninum in Ctenomys appears
to be a capture, as it only occurred in areas where dogs, humans, and cte-
nomyids lived in relatively close proximity (banana fields in lowland Santa
Cruz, Bolivia).

Although most of the pocket gophers examined carefully generally har-
bor from one to several species of nematodes in the small intestine, very
few nematodes are found in samples of tuco-tucos. Even though the genus
Ctenomys contains almost 40 species, comparatively few species of nema-
todes have been described or reported from them. This lack of parasites in
a wide-open group of mammals might be a result of rapid speciation in the
mammal group with parasites failing to keep up with the speciation rate of
the mammals themselves and actually loosing parasites through time; there
is some evidence that the ctenomyids have speciated rapidly in their history
(Lessa and Cook, 1998). The lack of a diverse fauna of nematodes in these
mammals could also be due to historical accident whereby the ancestor of
the ctenomyids had a low diversity of nematode parasites (for whatever rea-
son) thus giving rise to a phylogenetic lineage of mammals lacking a diverse
fauna of parasites. But why have they not picked up more parasitic nema-
todes from other syntopic species of mammals?
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There is some evidence of host-switching in nematodes of the genus
Litomosoides in that two species occur in Ctenomys opimus in high-altitude
Western Bolivia, but these nematodes have not been reported from any
other species of Ctenomys from throughout the Neotropics. Superficially
this indicates a host-capture event from some other lineage of mammals
(Brant and Gardner, 2000). Another example is the fact that nematodes of
the genus Pudica found in Ctenomys have diverse relatives in other species
of muroid rodents in South America but none in ctenomyids, leading to the
conclusion that most are now found in the tucos because of host-switching
events, and not phylogenetic coevolution.

Nematodes of the genus Paraspidodera are found only in Hystricognath
rodents in the Neotropical Region and these nematodes appear to have
had a long historical, coevolutionary association with ctenomyids, showing
varying levels of both cospeciation and host-switching. The adenophorean
whip worm genus Trichuris occurs in many diverse groups of rodents in the
Neotropics and at the present time, no analyses have been done to exam-
ine the levels of coevolution with ctenomyids.

The multifarious nature of nematode diversity in subterranean mammals
in the Nearctic and Neotropical Regions requires at the minimum that phy-
logenetic hypotheses for each group of mammals and their nematodes be
developed and then each host-group can be compared with each parasite
group. Much more detailed work needs to be paid to collecting parasites
from some of the unknown species of Ctenomys throughout the Neotropics.
The same can be said about the level of knowledge of parasitic nematodes
in the Geomyidae in the northern Neotropics and southern Nearctic regions.

Molecular Diversity in the Nemata

Several molecules have been used to begin to assess phylogenetic and ge-
netic diversity within the Nemata and the number of investigations using
molecular methods to try to quantify the diversity of the nematodes is rap-
idly increasing (Dorris et al., 1999; Blaxter et al.,, 1998; Al-Banna et al., 1997;
Nielsen, 1996). However, because of the extremely large number of spe-
cies that may exist, examination of levels of molecular or genetic diversity
in representatives of the group as a whole can be said as just the beginning
even though massive amounts of molecular data on nematodes are now lit-
erally pouring into the literature stream. The summary papers by Blaxter et
al. (1998); Dorris et al. (1999); Meldal, et al., 2007; Holterman et al. (2006);
Van Megan et al. (2009); and Bik et al. (2010) indicate the utility and power
of estimating the molecular—phylogenetic relationships among the Nemata
using ribosomal DNA and other molecular sequence data. Initial studies of
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the molecular diversity within and among several lineages of the Strongylida
show that the genetic diversity among these taxa is relatively low (Chilton et
al., 1997). From these works, it is clear that molecular phylogenies will pro-
vide robust tests of the hypotheses of morphological relationships among
the Nemata. As more regions of DNA are used to examine the relationships
among the nematodes, we expect additional clarification of both the deep
phylogenetic branches (Bik et al.,, 2010) that are at present relatively obscure
in the molecular phylogeny of the Nemata and the more rapidly evolving
branch tips that represent extant species with valuable genetic information

Relationships to other Animal Groups

A recent analysis grouped the nematodes, gastrotrichs, priapulids, kino-
rhynchs, and the loriciferans into a group (superphylum) called the Cy-
cloneuralia (Figure 26) based on the circular shape of the brains in these
groups (Nielsen et al., 1996). The aforementioned study and at least one
other (Zrzavy, 1998) using 18s rDNA sequences showed that the Nemata
share a common ancestor with members of the phylum Nematomorpha but
there was a shuffling of the other groups out of the “Cycloneuralia” (Fig-
ure 27).

More recently, Lartillot and Philippe (2008) presented a molecular phylog-
eny of the Bliateria where they show the Nemata as sharing a most recent
common ancestor with members of the phylum Tardigrada and are close to
the phylum Arthropoda in their final tree (Figure 28).
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Figure 26 Phylogenetic tree showing the relationships of the Nemata to the rest
of the Cycloneuralia.
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Figure 27 Phylogenetic tree showing the relationship of the Nemata to the rest of
the Animalia
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Figure 28 Phylogenetic tree of the Bilateria showing the sister group of the Nemata
to be members of the phylum Tardigrada or the moss bears.
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As mentioned above, nematodes are soft-bodied and mostly very small
organisms, any larger forms that existed in prehistory were probably para-
sites of vertebrates, however, these left no fossil traces. The only fossil nem-
atodes that are known are insect parasitic or plant parasitic forms that oc-
cur very rarely in amber inclusions, but these are also not very old. Because
there are no fossil records of nematodes of Cambrian or Precambrian ages,
estimates of the age of the Nemata have been only speculation up to the
present time and without fossils; it is difficult to calibrate molecular clocks
for the nematodes. However, through application of various models of mo-
lecular evolution and molecular clock theory, estimates of the time of di-
vergence of the nematodes from the rest of the animal groups appear to
be approximately 1177-1179 million years (Wang et al., 1999) (this study
showed a basal origin of the nematodes on a phylogenetic tree, in contrast
to the relatively derived placement in the analyses shown in Figures 26-28).

Most authors consider that nematodes arose from a Marine ancestor.
The tri-radiate esophagus and the tubular body indicate a possible primar-
ily sedentary existence with the posterior end attached to the substrate and
the anterior end freely encountering the marine environment from all sides,
thus the secondarily derived somewhat radial symmetry (Maggenti, per-
sonal communication).

Classification and Groups of the Nemata

Above the level of the order, confusion reigns relative to the classification
and systematic arrangement of the nematodes. Maggenti (1991) is usually
followed in this regard and his analyses followed corroborated historical
analyses in recognizing the two main sub-phyla: the Secernentea and the
Adenophorea. Recent work shows that these groups are substantiated both
in morphological and molecular analyses although competing phylogenetic
hypotheses and associated classifications have also relatively recently been
proposed (Dorris et al., 1999; Blaxter et al., 1998; Adamson, 1989). Even more
recent work by Meldal et al. (2007); Holterman et al. (2006); Van Megen et al.
(2009) and Bik et al. (2010) have provided some larger scale analyses of the
Nemata using sequencing of ribosomal DNA and other conserved genes.
A systematic treatment of the nematodes was recently undertaken by
Hodda (2007) where he reviews the systematics of the group and proposes a
classification that incorporates molecular, developmental, and morphological
advances. He reviews the classification of the Nemata as a phylum (although
he uses Nematoda as the name). Here the author would like to point out
that Maggenti (1981, 1991a, and 1991b) used Nemata as the name for the
phylum as he often pointed out that "Nematoda” is a class level name left
over from the old classification when nematodes were considered a class in
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the phylum Aschelminthes. If the nematodes were considered a class under
a different phylum name, then Class Nematoda would be appropriate, as it
is, Phylum Nemata is more correct (A.R. Maggenti, personal communication).

Since 1949, at least eight authors have provided classifications for mem-
bers of the phylum Nemata (Malakhov, 1994; Brooks and McLennan, 1993;
Maggenti, 1991). Of these, the classifications of Maggenti (1981; 1991) have
proven to be the most useful summary of all nematodes (free-living, and
parasitic); however, phylogenetic hypotheses have recently been proposed
based on both molecular and morphological characteristics. This does not
necessarily mean that because a phylogeny has been proposed that a classi-
fication from that phylogenetic tree will result (Maggenti, 1991a and Brooks
and McLennan, 1993).

At this point in time, the synthetic classification proposed by Hodda
(2007), which takes the arrangement down to the level of the family, ap-
pears to be the most easily useable and informative new classification. He
presents the groups in a table format, and as noted above, uses informa-
tion from many different fields of study of the Nemata to generate the clas-
sification. One of his goals was to minimize the changes in taxonomic rank
of well established groups to achieve stability and he generally follows the
use of superorders (e.g., Maggenti, 1991).

Future Knowledge of Nematodes

The author hopes that this summary treatment provides readers with suffi-
cient knowledge to allow more in-depth research on nematodes. The group
is so large, and so ecologically, morphologically, and phylogenetically di-
verse that to attempt to discuss the diversity of the group in such an abbre-
viated way is practically futile at best. N. A. Cobb (1914) stated this clearly on
the last page of his famous “Nematodes and Their Relationships” (pp. 490).

“The foregoing fragmentary sketch may indicate to the student,
as well as to the general reader, the vast number of nematodes
that exist, the enormous variety of their forms, and the intricate
and important relationships they bear to mankind and the rest
of creation.”

As more data on distribution and function of nematodes throughout the
biosphere are obtained, the importance of this group of worms will surely
be realized. We are just beginning to explore the oceans, and we are proba-
bly losing more species of nematodes from rainforest clearing than will ever
be ultimately found, described, and classified.
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The author hopes that mankind will generate more interest in the micro-
scopic world of the Nemata, and that this section will provoke the reader into
action and disprove what Van Leeuwenhoek stated about his fellow man on
28 September, 1715 in which he said: “... And over and above all, most men
are not curious to know: nay, some even make no bones about saying, What
does it matter whether we know this or not?” (Dobel, 1932; pp. 324-325).
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