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ABSTRACT

Using a database that includes nearly half (46%) of the estimated 68,000 described species of
extant crustaceans, as well as the names of the authors who described each species and the date
of description, we plotted the number of species described vs. year of description to examine
rates of, and trends in, crustacean species descriptions over time. Plots were generated for all
crustaceans and for selected major taxonomic “subgroups” (currently recognized classes and selected
subclasses). The cumulative number of species plotted over time for all crustaceans (pooled) showed
no sign of flattening over time; no asymptote was apparent. The same pattern was seen in all
subgroups examined (Branchiopoda, Maxillopoda, Copepoda, Malacostraca, Peracarida, Decapoda,
and Brachyura). Given that the asymptotes from such analyses have been used to predict species
richness in a taxon, our data show that currently there is no reliable way to estimate the number of
still-undescribed species of crustaceans through extrapolation. The current estimate of approximately
68,000 described species (Martin & Davis, 2001; Brusca & Brusca, 2003) may represent only half,
or far fewer, of the actual number of extant crustacean species. No apparent decrease in the overall
rate of discovery (approximated by the rate of subsequent taxonomic description) has been observed
since the first crustacean species (in our database) were described in the mid-1700s. Over time,
the rate of discovery of some smaller taxa, e.g., copepods, did not differ appreciably from the rate
of discovery of larger taxa, e.g., brachyuran crabs, based on best-fit regression lines. Although the
rates of species accumulations have differed between groups (4.6 species per year for branchiopods
vs. 82.6 species per year for peracarids), the pace appears steady within groups. The taxonomic
contributions of notable workers and their published monographs are highlighted and discussed.

RÉSUMÉ

En utilisant une base de données qui inclut presque la moitié (46%) des quelque 68 000 espèces
décrites de crustacés actuels, ainsi que le nom des auteurs qui ont décrit chaque espèce et la date
de leur description, nous avons rapporté le nombre d’espèces décrites à l’année de description afin
d’examiner les taux des descriptions d’espèces de crustacés par rapport au temps et leurs tendances.
Des coordonnées ont été établies pour tous les crustacés et pour quelques sous-groupes taxonomiques
majeurs choisis (comme classes et certaines sous-classes reconnues). Le nombre cumulé des espèces
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ainsi rapportée par rapport au temps pour tous les crustacés ne montre pas de signe de baisse avec
le temps, aucune asymptote n’est apparente. Le même schéma a été observé dans tous les sous-
groupes examinés (Branchiopoda, Maxillopoda, Copepoda, Malacostraca, Peracarida, Decapoda
et Brachyura). Etant donné que les asymptotes de telles analyses ont été utilisées pour prédire la
richesse spécifique d’un taxon, nos données montrent qu’actuellement, il n’y a pas de moyen fiable
d’estimer le nombre d’espèces de crustacés encore non-décrits par une extrapolation. L’estimation
présente d’approximativement 68 000 espèces décrites (Martin & Davis, 2001; Brusca & Brusca,
2003) pourrait représenter seulement la moitié, ou beaucoup moins, du nombre actuel d’espèces de
crustacés vivants. Aucune diminution apparente du taux de découverte (voisin du taux de description
taxonomique) n’a été observée depuis que les premières espèces de crustacés (dans notre base de
données) ont été décrites au milieu des années 1700. Au cours du temps, le taux de découverte des
taxons les plus petits, comme les copépodes, n’a pas différé notablement du taux de découverte
des taxons de plus grande taille, comme les crabes brachyoures, d’après les droites de régression
les mieux ajustées. Bien que les taux cumulés d’espèces soient différents suivant les groupes (4,6
espèces par an pour les branchiopodes contre 82,6 espèces par an pour les péracarides), le rythme
apparaît constant à l’intérieur des groupes. Les contributions taxonomiques d’auteurs éminents et les
monographies qu’ils ont publiées sont citées et discutées.

INTRODUCTION

A common question concerning biodiversity is how many species exist globally
in the various taxonomic groups (Diamond, 1985; May, 1988, 1990; Stork, 1993;
Wilson, 2003). Taxonomic names contain data in the form of the name of the author
who described the species and the date of the publication of the description. These
data can be used to examine historical trends in the numbers and rates of species
descriptions (discussed briefly in Köhler et al., 2005). Although discovery of a new
species can precede the official description of that species by several years, dates
of description can be used as a proxy for dates of discovery to estimate the “rate of
discovery” of new species in a given group of organisms.

Current estimates of the number of described crustacean species range from
52,000 (Martin & Davis, 2001, based primarily on Land, 1996, and Monod
& Laubier, 1996) to 68,000 (Brusca & Brusca, 2003), with the number of
described species increasing each year. Although in recent years some workers
have addressed discovery rates within select groups of crustaceans (e.g., Wittmann,
1999, for mysidaceans; Adamowicz & Purvis, 2005, for branchiopods; Dworschak,
2005, for thalassinidean decapods; De Grave, 2003, for North Atlantic decapods),
we are not aware of any attempt to examine such rates in the Crustacea as a whole.
Using a database that contains approximately 31,000 crustacean species, or just
less than half (46%) of the higher estimated total of described species (68,000), we
asked the questions: (1) Has the rate of discovery (description) of new species of
Crustacea changed appreciably over the years, both for crustaceans as a whole and
for individual groups within the Crustacea, and (2) Is there a way to use current
data to estimate the number of undescribed species that are yet to be discovered?
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MATERIALS AND METHODS

For several years, we have been compiling an electronic database containing
the names of all extant crustacean species. These species names, including the au-
thor and date of description, currently are organized according to the classification
proposed by Martin & Davis (2001). Although there is no consensus among mod-
ern crustacean workers as to the “correct” phylogeny and resulting classification
of the group, the Martin & Davis classification is at least a starting point and a
framework for organizing our thoughts on crustacean diversity, and it appears to
be receiving fairly widespread use (e.g. Brusca & Brusca, 2003; McLaughlin et al.,
2005). Our species list was created by painstakingly entering species names from
published monographs and from the primary literature on crustacean systematics.
Primary literature consisted mostly of journals such as the “Journal of Crustacean
Biology,” “Crustaceana,” “Proceedings of the Biological Society of Washington,”
“Smithsonian Contributions in Zoology,” and “Zootaxa.” Monographic works have
included both regional treatments, such as Kensley & Schotte’s (1989) guide to
Caribbean isopods, Williams’s (1984) guide to east coast decapods, and Poore’s
(2004) volume on Australian decapods, as well as worldwide treatments of se-
lect taxonomic groups, e.g. Holthuis’ (1991) volume on lobsters of the world, and
Müller’s (1994) and Schram & Müller’s (2004) lists of stomatopods. Although we
are still slightly less than halfway through (assuming that our estimate of 68,000
described species is accurate) with the task of eventually entering all extant, valid
species names of crustaceans, we felt that the approximately 31,000 names cur-
rently in our database could be used to estimate historical trends in the descrip-
tions of crustaceans over time. Our database currently includes only two species
(the crab Scylla serrata and the barnacle Chelonibia testudinaria) described prior
to 1758, the starting point for the current system of binominal nomenclature in
scientific names of species.

The list of 31,000 names contained some “incomplete” entries, where either the
author or the date were not included in the source literature. After culling these
entries, our total number of species, at the time of submission, was 29,312.

Synonyms are a potential problem in any undertaking that extracts species
names from existing literature. Our database is imperfect in that we have not con-
tacted specialists for each of the major crustacean taxa to peruse and correct our
lists of names; therefore, the list almost certainly contains some synonyms. How-
ever, by beginning our compilation in 1995 and by focusing almost exclusively on
modern monographs and syntheses, we have avoided the older literature and thus
many of the problems of synonyms. Cursory checks have revealed error rates (syn-
onymies) of only 1 to 3% in selected groups. Therefore, our working assumption
is that the number of errors is probably small enough (<3%) that it should be over-
come by the sheer volume of the remaining data, such that overriding trends in our
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data should be real. We are also aware that some of the entered names currently
in our database belong to fossil taxa, as these were occasionally (accidentally) en-
tered along with names of extant taxa in journals that publish papers on both extant
and extinct crustaceans. However, this type of error also is rare in our data (esti-
mated at less than 0.1%) and should not affect the overall trends indicated by the
more than 29,000 valid names. It is probable that our database is biased toward
decapods, as this group is the primary research focus of the first author.

Data were first entered into a Microsoft Access© database and were later
transferred to a Microsoft Excel© spreadsheet in order to remove any incomplete
entries and construct the plots. Plots are simple line graphs of the cumulative
number of species described over time and were constructed using the “chart
wizard” option in Excel. Best-fit regression lines were computed for all graphs to
allow comparisons (slope) of the graphs among crustacean groups. Because slope
is defined as the change in Y over the change in X, the slope in this case is the
number of species described over a set period of time (one year); thus, slope is an
indicator of the number of species described per year in a given taxonomic group.
Once the graphs were completed, we searched the database for underlying reasons,
e.g., research expeditions or monographs containing large numbers of described
species, that might explain peaks or outlying data points.

RESULTS

All crustaceans (N = 29,312) (fig. 1)

According to our data, after a relatively slow start in the late 1700s (our database
includes only 17 crustacean species names in 1785, and only 3 in 1786, for
example), the rate of discovery gradually rose in the early 1800s until it reached a
rate of approximately 100 species per year in the late 1800s. The rate of discovery
steadily increased until it averaged more than 225 species per year in the years
1906 through 1908. There was an appreciable slowing that began approximately in
1916, with descriptions added at a relatively slow rate (for example, only 54 species
were named in 1928) until approximately 1960, at which time the rate increased
again and at times even surpassed the rate seen in the early part of the century. By
1965 the rate of new species descriptions exceeded 300 per year (315 species were
described in 1965). Averaged over the entire range of dates (1755 through 2005),
the number of described crustacean species is slightly more than 108 per year.
However, if averaged from the year 1850 (a time when, according to the graph, the
description rate began to increase) through 2005, the number of described species
rises to 164 per year. Although our database, and therefore our graph, reflects only
approximately half of the known species, we believe these trends are real, as they
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Fig. 1. Cumulative number of species discovered (described) over time for all crustaceans.

TABLE I
Slope and R-squared values for regression lines for all plots of described species within groups

of Crustacea

Slope of regression R squared

All Crustacea 159.69 0.93
Branchiopoda 4.62 0.96
Maxillopoda 25.64 0.95
Copepoda 19.72 0.96
Malacostraca 119.48 0.93
Peracarida 82.62 0.88
Decapoda 39.93 0.97
Brachyura 16.86 0.98

are evident to some degree in all subgroups of crustaceans as well as in our pooled
data and resulting graphs (see below). A best-fit regression line for all crustaceans
exhibits a slope of 159.69 descriptions per year (table I).

Branchiopoda (N = 839) (fig. 2)

Branchiopods are a relatively small class of crustaceans with only some 850
described species (Martin, 1992; Martin & Davis, 2001; but see Adamowicz &
Purvis, 2005, and our Discussion section for higher estimates). They also tend
to occur in small ephemeral bodies of fresh water (pools and streams). Thus, the
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Fig. 2. Cumulative number of species discovered (described) over time for all branchiopod crus-
taceans.

chances of branchiopods being discovered (and subsequently named) by aquatic
as well as terrestrial naturalists are far greater than the chances of similarly-sized
marine species of crustaceans being discovered. Because of human encroachment
and development, it is also somewhat less likely that large numbers of species
have escaped notice (although species continue to be described each year), at
least compared to marine crustaceans. Additionally, as is probably true for all
crustaceans, branchiopods are a group that was once thought to contain relatively
few species that were ubiquitous, a view that is gradually giving way to the
realization that many of these “widespread” genera and species contain much
previously undetected endemism; morphological similarity has to some extent
obscured our knowledge of the group’s true diversity (e.g., see Adamowicz &
Purvis, 2005). These factors, plus the fact that branchiopods can be divided and
tabulated according to the continents on which they occur, allowed Adamowicz
& Purvis (2005) to employ “correction factors” to arrive at a global estimate of
branchiopod species. However, our species accumulation curve (fig. 2) shows that
no asymptote was reached in the accumulation of species; therefore, there has
been no slowing in our rate of discovery of branchiopods since the early 1800s.
An essentially identical curve was shown by Adamowicz & Purvis (2005; their
fig. 1a), despite the fact that their database contained some 1,180 branchiopod
species names.
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The relatively low number of species in our branchiopod database (compared
to other groups of crustaceans) makes obvious the relative contributions of such
workers as G. O. Sars (Sars, 1862a, b, 1863, 1901) and Eugène Daday (1910,
1913a-c, 1914), the latter of whom described more than 140 species, roughly 1/6
of all currently recognized species in the class, in a single year (Daday, 1913).
A best-fit regression line for branchiopods exhibits a slope of 4.62 species per year
(table I).

Maxillopoda (N = 4,388) (fig. 3)

“Maxillopodans” are generally recognized by most workers today as being
an artificial (para- or polyphyletic) assemblage. The group contains (according
to the Martin & Davis, 2001, classification) the well-known and ubiquitous
barnacles and copepods as well as many of the smaller and somewhat obscure
taxa, e.g. mystacocarids and some of the parasitic thecostracan groups. Ostracodes
are sometimes included in this group as well (though not by Martin & Davis,
2001, and not in the present analysis). Descriptions of maxillopodans began
somewhat slowly, reaching a rate of 40 to 50 per year in the mid-1800s, but
with a lot of variation between years. The year 1849 saw 57 new descriptions
of maxillopods, yet there were only 2 new species described in 1850 (in our
database) and 8 described in 1852; in 1854 there were 81 new species added,

Fig. 3. Cumulative number of species discovered (described) over time for all “maxillopodan”
crustaceans (excepting ostracodes).
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mostly as a result of Charles Darwin’s work on balanomorph barnacles; Pilsbry’s
later (1916) contributions to barnacle systematics also are obvious. From the
mid-1800s through to today, the rate has remained relatively constant, averaging
approximately 30 species per year (again, our data are incomplete and are probably
weighted toward non-maxillopodan taxa, so these figures should be considered
trends rather than absolutes). Exceptions include the year 1965, when Lang’s
(1965) descriptions of harpacticoid copepods are notable (see below). A best-fit
regression line for all maxillopodans exhibits a slope of 25.64 species per year
(table I).

Copepoda (N = 3,212) (fig. 4)

Most of the maxillopodans in our database (above) are copepods (roughly 3,200
out of 4,400). We treated copepods separately because they tend to be very small,
ubiquitous, and frequently encountered, a recipe that would seem to promise a
high rate of discovery of new species. To some extent this is true, i.e., there is
certainly no indication that we are nearing the goal of describing all copepods, but
no more so than for other groups of crustaceans. After a rather slow start in the late
1700s and early 1800s during which time there were periods of very low activity
(we have no descriptions between 1804 and 1816, for example), descriptions of
copepod species increased to a rate of approximately 45 species per year in the
early 1900s (80 species in 1905; 34 in 1906, 18 in 1907; 43 in 1908). A slowdown

Fig. 4. Cumulative number of species discovered (described) over time for the copepods.



HISTORICAL TRENDS IN CRUSTACEAN SYSTEMATICS 1355

in the mid-1940s (only 12 species total were described during the years 1943-1945)
might reflect the impact of World War II. Obvious advances in our knowledge of
copepod taxonomy have come from the contributions of J. D. Dana (1849), three
workers (Claus, Sars, and Krøyer) during the years 1863-1865, e.g. Claus (1863a,
b) and Krøyer (1863), and the impressive work of Lang (1965), wherein 87 new
species were described. A best-fit regression line for copepods exhibits a slope of
19.72 species per year (table I).

Malacostraca (N = 22,337) (fig. 5)

The Malacostraca include the majority of described crustacean species, as this
group contains not only the commercially and economically important decapods
but also the incredibly diverse peracarid taxa (amphipods, isopods, tanaids, and
others). Fully two thirds of our data (more than 22,000 records) are malacostracans.
Not surprisingly, trends in the malacostracan species discovery graph (fig. 5)
almost exactly reflect those seen and discussed above under “All crustaceans.”
A best-fit regression line for the Malacostraca exhibits a slope of 119.48 species
per year (table I).

Fig. 5. Cumulative number of species discovered (described) over time for all malacostracan
crustaceans.
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Peracarida (N = 13,797) (fig. 6)

Peracarid crustaceans (including the amphipods, isopods, tanaidaceans, and
others) are a fascinating and diverse assemblage. Species tend to be small (at least
smaller than decapods and the large branchiopod groups) but are at least larger than
copepods and of a “convenient” size for taxonomy. The group has also attracted the
attention of some of carcinology’s most prolific workers over the years and is still
very popular (in terms of the number of active, practicing carcinologists) today
compared to many other crustacean groups (see Martin & Davis, 2001). These
factors might suggest that the group is well known from a taxonomic standpoint.
However, such is not the case, in part because the group is also incredibly diverse.
By one estimate (Kensley, 1998) there may be more than 54,000 peracarid species
associated with coral reefs alone (see also Martin & Davis, 2001). Peracarids
account for more than a third of all species in our database (more than 11,000 of the
approximately 30,000 names), and, like the Malacostraca as a whole, exhibit the
same general trends seen in the “All Crustacea” graph. A period of slower activity
from approximately 1916 through to about 1960 is evident, followed by a peak
in the early 1960s attributable mostly to the work of Barnard (for example, our
database contains 66 species named by Barnard in 1962), Menzies (122 species
in 1962a, b), and several others. Highest rates of discovery are seen in the mid-
1970s through mid-1980s (on average, 196 species per year were described from

Fig. 6. Cumulative number of species discovered (described) over time for all peracarid crustaceans.



HISTORICAL TRENDS IN CRUSTACEAN SYSTEMATICS 1357

1975 through 1985). A best-fit regression line for the peracarids exhibits a slope of
82.62 species per year (table I).

Decapoda (N = 7,905) (fig. 7)

Decapods are by far the best known and most “important” group of crustaceans
from a commercial, economical, and ecological standpoint. They are also the
largest crustaceans, including species such as the giant Japanese spider crab, the
giant Tasmanian crab, the Maine or American lobster, and other large species.
A reasonable assumption might be that these large and commercially important
species would be better known as a group much earlier than would smaller
crustacean taxa (see De Grave, 2003), such that we might expect to see most
species described early on, with fewer new species being described in recent years.
A look at fig. 7 shows that this expectation is false. Decapods have been, and
continue to be, discovered and described at a rate that is nearly twice the rate
of description of new copepods (and approximately half the rate of peracarids)
(table I). The rate of decapod discovery has remained fairly constant over time;
the number of descriptions in the mid-1800s (58 species were described in 1851)
and early 1900s (another 58 species were described in 1901) was not too different
from the mid-1990s (where 78 species were described in 1995). There are, as in
all groups, outlying points, e.g., 163 species added in 1902), but the overall shape
of the species discovery curve (its lack of any discernable asymptote) is similar to

Fig. 7. Cumulative number of species discovered (described) over time for all decapod crustaceans.
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what is seen in other groups. Notable contributions by decapod workers (indicated
on the graph) include the works of H. Milne Edwards (1834-1837) and De Haan
(1833-1850), Dana (1852), Stimpson (1860, 1871a, b), A. Milne-Edwards (1872,
1880a-c), and of S. Glassell, M. Rathbun, and W. Schmitt in the 1930s (including
Glassell, 1935, 1938; Rathbun, 1925, 1930, 1933, 1937; Schmitt, 1935). A best-fit
regression line for the Decapoda exhibits a slope of 39.93 species per year (table I).

Brachyura (N = 3,452) (fig. 8)

Crabs (brachyurans) were treated separately because of their large size. On av-
erage, although there are some very small species of crabs, most crab species at-
tain sizes that exceed those of peracarid and maxillopod crustaceans and some-
times even those of other decapods (with the exception of some lobsters and some
anomurans). They are also a more “popular” group than are many other groups of
crustaceans, as evidenced by their appearance in popular music and the entertain-
ment industry. We thought it probable that, because of their larger average size,
popularity, and economic importance, crabs were more likely to have been discov-
ered and named earlier than would be the case for smaller species of less commer-
cial interest. Fig. 8 shows that this assumption is without merit. Crabs continue to
be discovered at rates similar to those of other crustacean groups. The line is less

Fig. 8. Cumulative number of species discovered (described) over time for all brachyurans
(true crabs).



HISTORICAL TRENDS IN CRUSTACEAN SYSTEMATICS 1359

“smooth” than in some of the other taxa, meaning that advances in crab taxon-
omy proceeded in stops and starts, with a few obvious growth spurts in the years
1835-1837, 1853, 1862, 1874, and 1934-1942. However, the overall species accu-
mulation curve is much the same as for decapods as a whole. Major contributors to
our knowledge of crab taxonomy are much the same as for all decapods, e.g., De
Haan, H. Milne Edwards, A. Milne-Edwards, and Rathbun; see above. Rathbun’s
(1906) contribution to brachyuran systematics is more obvious in this graph than
in the overall decapod graph. There is a near cessation of work on crab system-
atics during World War II (1943-1945), which for some reason is not reflected as
strongly in other groups of crustaceans. A best-fit regression line for brachyuran
crabs exhibits a slope of 16.86 species per year (table I).

DISCUSSION

It is important to note that our database is quite incomplete (containing only
approximately half of the estimated number of described crustacean species) and
is also biased, not only toward the decapods (the primary research focus of the
first author) but toward western journals and literature, which have been our main
(though far from our only) source of information. Thus, our findings, as well
as the following discussion, must be viewed with these limitations in mind, and
our results must be viewed as premature at best. Nevertheless, we believe that
the number of species in our database is sufficiently high, and the number of
potential errors (such as synonymies) sufficiently low, that the trends shown here
will eventually prove to be “real” at whatever point in the future that all or most
species are treated this way again. With the number of searchable on-line databases
for crustaceans growing each year, it should not be long before this test is possible.

There are some interesting trends in the history of the discovery of new
crustacean species based on our limited analysis. First and foremost is the relatively
constant rate of species descriptions within groups and the fact that none of the
graphs show any signs of “flattening” toward an asymptote over the years, not for
crustaceans as a whole nor for any of the subgroups. No asymptote is seen in any
of the graphs, although an argument could be made that the slight flattening of
the curve in recent years in some taxa is a sign of an approaching asymptote and
not, as we suspect, an artifact (see below). Thus, with no clear asymptote, there
is no reliable way to estimate whether the current estimate of 68,000 described
species represents half, or one third, or even far less of the actual number of
extant crustacean species. Although for selected groups it may be possible to
insert estimated “correction factors” to account for differences in sampling and
taxonomic effort, as was done recently to estimate global branchiopod diversity by
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Adamowicz & Purvis (2005), such methods have not been applied, nor are they
really applicable, to marine groups.

There was a slight decrease in the rate of descriptions evident in nearly all graphs
beginning in approximately 1916. It is possible, although we are speculating here,
that this decrease reflects a slowing of carcinological research as the world reacted
to World War I. Another possibility is that the 1915-1917 slow down reflected
a reaction to the great influenza epidemic that began at approximately the same
time, during which it is estimated that 50 million people died from the “Spanish
Flu” or “La Grippe” worldwide; an estimated 1/5 of the entire world population
was infected. But the timing is not quite right for this explanation, as the start of
the great flu epidemic is generally attributed to the fall of 1918 (Crosby, 1989;
Billings, 1997), at which point the slight decline in the rate of species discovery
was already underway. The effect of World War II is also obvious, more so within
some groups, e.g., the Brachyura, where descriptions nearly ceased during the
years 1943-1945, than for others (e.g., Peracarida). For the Brachyura, our database
contains only two crab species described during each of the years 1942 through
1944, and only one species in 1945. For the same period (1942-1945) there were
more than 260 species of peracarids described (according to our database). These
ratios may change as additional species are added to the database.

Another slight drop in the apparent rate of discovery of new species, one that
might at first inspection suggest an approaching asymptote, is seen in nearly all
groups in very recent years (beginning in the late 1990s). We attribute this drop
to the delay in accumulating species descriptions that have been published in
disparate journals over the most recent five to ten years. Species described in
the more distant past are more likely to be included in published monographs
and regional species lists that are readily available to us, whereas more recently
described species, some of which are published in obscure journals that are not
included in databases, sometimes are not known to us for several years after their
description. In other words, we expect that there will always be an apparent (though
artificial) decrease in the rate of discovery seen in recent years as long as we
continue to enter data in this manner. Supporting this hypothesis is the fact that
similar graphs for taxa for which the data are “complete” (full and accurate species
lists from specific geographic locations, for example) show no such flattening in
recent years (G. Rosenberg, pers. comm., referring to his databases for mollusks
from several geographically circumscribed regions). On the other hand, because
only about half of the described species are currently in our database, it is entirely
possible that this flattening is “real” — that is, it is possible that we are seeing the
beginnings of an asymptote in these groups — and/or that the missing data will
drastically alter the shape of the curves.
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Perhaps most surprising to us was the fact that the species description curves
for large decapods (all decapods, fig. 7, and crabs by themselves, fig. 8) did
not differ appreciably from species curves for smaller, incredibly diverse, and
less “important” (from a commercial standpoint) groups such as copepods or
peracarids (but see De Grave, 2003, for decapods in the North Atlantic). The slope
of the regression line (which in our case approximates the number of new species
described per year) is about 17 for crabs, our largest and arguably best known
crustaceans, but only 19 for the much smaller and more diverse copepods, and in
neither taxon is an asymptote evident. Thus, the assumption that most new species
being described today are either small or cryptic (or both), as voiced occasionally
by persons assuming that we are almost through with the discovery phase of basic
science (Horgan, 1996), is clearly without foundation.

A comparison of our findings with similar approaches that have employed
smaller assemblages of crustaceans reveals that the overall shape of the species
accumulation curves is much the same. Wittmann’s (1999, fig. 1A) graph of the
number of mysidaceans (mysids and lophogastrids combined), based on 1026
species and 52 subspecies, shows a slow start in the mid 1700s followed by a
relatively constant rate of discovery beginning around 1850 and continuing today
(although, interestingly, this is not true for pelagic species, which saw much higher
rates of discovery in the early 1900s). For mysidaceans, an increase in the rate
of discovery similar to what we described above is seen beginning around 1950,
slightly ahead of the same upward trend we noted for all crustaceans beginning
around 1960. The reduction in discovery rates that we noted for the years 1916-
1918 is not evident for mysidaceans, although Wittmann’s (1999) graph was
constructed using 10-year intervals and so might have missed this fluctuation.
Adamowicz & Purvis (2005) and Dworschak (2000, 2005) presented similar
graphs for branchiopods and thalassinideans (respectively), two very different
groups of crustaceans whose habitats could not be more different (ephemeral
freshwater for most branchiopods vs. burrowing marine for most thalassinideans).
Dworschak (2005: 59) noted the same general increase in discovery rate in the
1960s, noting that “from that time [1960] on, species numbers again increased
rapidly, doubling within 30 years and also continued after 1998.” However,
Dworschak’s (2005) graph differs from ours in the very rapid rate of discovery
of new thalassinideans seen in the years 1901-1906, based in part on descriptions
of new species resulting from the “Siboga” Expedition (Dworschak, 2005: 59).
Adamowicz & Purvis’s (2005, fig. 1a) graph for branchiopods is, not surprisingly,
essentially identical to our own graph for that taxon (our fig. 2). Although
we have not canvassed the literature for similar treatments of other taxa, these
species discovery curves in general agree with other studies on taxa as diverse as
trichopteran insects (e.g., Johanson, 1995) and marine mollusks (Bouchet, 1997).
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Can we extrapolate, or estimate, the number of undescribed species based on
our data? Because no asymptote is obvious in any of our graphs (with the possible
exception noted above for the slight dip in discovery rates seen in recent years), it
seems impossible, or at best premature, to do so. Dworschak (2000, 2005) felt that
“this type of census approach is not suitable to predict actual species number”
(Dworschak, 2005: 61). Similarly, Wittmann (1999), discussing mysidaceans,
noted that “no extrapolation for the total number of living species seems possible;
suffice to say that the final number will be large when compared with the actual
one.” Yet Wittmann (1999) did extrapolate, extending discovery rates from better
studied regions of the globe to other areas, and concluded that the global diversity
of all mysidaceans might be “a minimum of 4000 living species,” or approximately
4 times the number of currently described species. Adamowicz & Purvis (2005),
studying extant branchiopods, employed similar reasoning to estimate that the
number of extant branchiopods might be 2.1 times the current described number.
There is some reason to think that their overall estimate of described branchiopod
species might be too high. For example, they based the number of living clam
shrimp species in part on a checklist by Brtek (1997), who unfortunately made
several errors, including the listing of all known species of Eocyzicus as valid
under that genus and also under the genus Cyzicus (C. Rogers, pers. comm.);
this might in part explain their estimate of 1076 valid species (compared to our
estimate of only approximately 850 species). Nevertheless, their estimate of the
total number of species cannot be too far off (indeed, we now suspect it is probably
closer than our own estimate of 850 species), and their reasons and methods for
extrapolation (including comparing well-studied regions to lesser known regions,
as did Wittmann, 1999, above) seem reasonable to us. We do not doubt that
the number of extant branchiopods is at least 2.1 times the number of described
forms. If we assume that the extrapolation figures or “correction factors” given by
Wittmann (1999) for mysidaceans (a factor of roughly 4) and by Adamowicz &
Purvis (2005) for branchiopods (a factor of 2.1) apply equally to all crustaceans —
and there is of course no guarantee that they do — then a conservative estimate for
the total number of undescribed crustaceans might be somewhere between these
two extrapolation numbers, or (4 + 2.1)/2 = approximately 3 times the number of
described species. This would equal roughly 204,000 extant species of crustaceans.
Regardless of such speculations, the salient trend apparent in all of these studies is
that the rate of discovery of new crustaceans has not slowed appreciably over time.

One might logically ask how, if the number of taxonomists is on the decline
— a cry often voiced by today’s systematists — can it be that the rate of
discovery of new species has continued unabated? There are several possible
explanations, though all of them represent conjecture on our part. First, new
information technologies have made it somewhat easier to describe new species
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today compared to what was needed in the past. Background literature searches
via the web and the availability of on-line taxonomic databases certainly have
the potential to reduce the dependence on the taxonomic libraries and (often
unpublished) species lists of specialists. On the other hand, descriptions today
tend to be more detailed than the brief descriptions of earlier years. Second,
molecular systematic methods are increasingly used to show that former “forms”
or “varieties” are deserving of species status, though we hasten to add that this
recognition does not by itself constitute a species description, such that taxonomic
expertise is still required to provide an adequate description. Thus, to some extent,
a decrease in the number of systematists might be offset by an improvement in the
methods available to them. The advent of new analytical and molecular genetic
tools has been used to explain why descriptions of species in other groups of
organisms also are on the rise (see Köhler et al., 2005, for amphibians; Adamowicz
& Purvis, 2005, for branchiopods). Third, as monographs are completed on some
taxonomic groups, it becomes easier to focus attention on those groups still in need
of serious systematic work. Although seemingly paradoxical, it is actually easier
to determine the novelty of a discovery when you are surrounded by accurate
monographs of the known fauna than when you do not have such works to
assist you and when hardly any species have been described. As we expand the
realm of what is known, we highlight what is not known, making it somewhat
easier to identify the gaps in our knowledge. At the same time, it becomes more
difficult for a carcinologist trained in only one school of thought — morphological
taxonomy, for example, or sequence alignment — to single-handedly apply today’s
sophisticated techniques to define these gaps. Clearly, approaches that employ
pooled expertise will be the most productive.

We have not calculated the number of authors per year who were responsible for
the species descriptions over time, but we did compare, at random, the years 1900
and 2000, which coincidentally have nearly the same number of described species
(192 species in 1900 vs. 193 species in 2000) in our database. For the year 1900,
the 192 species were described by only 37 workers, compared to more than 100
workers responsible for naming the 193 species described in 2000. Much of the
increase is due to jointly authored species descriptions, of which there was only
1 in the year 1900 vs. more than 90 in 2000. Despite a higher number of authors
in 2000, the two years, a century apart, demonstrate that not much has changed in
the raw number of described species. Rather, the comparison highlights that more
collaborative work is now needed for today’s species descriptions.

Although there is no doubting the important contributions to taxonomy of sev-
eral major marine expeditions, the descriptions stemming from these expeditions
are typically published over a period of many years, such that the impact is not
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apparent in any given year. Thus, the relative impacts of the “Challenger” (1872-
1876), “Siboga” (1898-1900), and second “Galathea” (1950-1952) expeditions,
to name a few, are not obvious from our analysis (but see Dworschak, 2005, for
comments on the “Siboga” Expedition and its contribution to thalassinidean sys-
tematics). Similarly, the voluminous contributions of some noted authorities, such
as A. G. Humes’ work on copepods, were spread over several years, reducing their
impact in any given year.

Our data, based on just under 30,000 species, reflect a rate of approximately
160 new crustacean species discovered (described) per year, based on the slope
of the regression line for all crustaceans, which is slightly higher than the actual
calculated mean of 108 per year because of the slow start in the late 18th century.
Plotting the cumulative number of described species using the year 1850 as a
starting point, rather than 1750, results in a far better fit of the regression line (R-
squared = 0.96, up from 0.93) and a slope of 180, or 180 new species described
per year. But because our database includes only half (slightly less, actually) of
the estimated 68,000 described species (Brusca & Brusca, 2003), it is reasonable
to conclude, conservatively, that the actual rate of descriptions of new species is
close to twice that number, or approximately 300 species per year. And indeed,
a recent search of marine species descriptions focusing only on the years 2002 and
2003 (as opposed to examining rates of descriptions averaged over many years)
found more than 400 descriptions of crustaceans per year for those two years alone
(Philippe Bouchet, pers. comm.).

A reviewer of an earlier draft of this manuscript noted that the increase in
number of species may be in some cases (and in some years) an artifact, an increase
in our knowledge of the diversity of groups already collected as opposed to results
from new collecting and discovery. This is undoubtedly true, especially concerning
molecular studies of museum specimens. But it is also true that most new species
of crustaceans described in recent years actually are new discoveries and not the
result of “splitting” pre-existing taxa based on collections in hand.

Finally, it is clear that we are nowhere close to the end of our task in
documenting the diversity of the planet’s crustaceans. Improved methods (both
in the realm of information technology and in molecular and morphological
systematic techniques) are wonderfully helpful. Yet we still desperately need
higher numbers of organismically-trained taxonomists and systematists. The work
that lies ahead is both daunting and exciting.
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