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Research advance in the
taxonomy and ecology of
Oncaeidae Giesbrecht, 1893

Rouxin Sun , Yanguo Wang , Chunguang Wang,
Peng Xiang , Xiaoyin Chen and Bingpeng Xing *

Third Institute of Oceanography, Ministry of Natural Resources, Xiamen, China
The Oncaeidae is an important family of small copepods in marine ecosystems

and is characterized by high diversity and abundance. The family was

established by Giesbrecht in the late 19th century. Since then, 115 oncaeid

species have been discovered and described. However, Oncaeidae species are

small-sized and show considerable morphological similarity. The family

includes a great number of sibling species and intraspecific form variants.

Consequently, there are large knowledge gaps regarding their taxonomy and

diversity, and their importance in marine ecosystems may have been

underestimated. In this study, we have charted the progress of oncaeid

taxonomy and diversity studies worldwide. We have identified the major

challenges faced by the researchers and have described the marine science

techniques. We also provide an overview of the distribution and ecology of

the family Oncaeidae. Progress has been made toward understanding the

distribution, habitat preference, and feeding behavior of oncaeids. The

knowledge of oncaeids taxonomy has also been considerably increased by

improvements in the research methodology, such as the use of molecular

biology techniques and interdisciplinary approaches in tandem with the

traditional taxonomic methods.
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The significance of Oncaeidae research

Copepods play an important role in marine ecosystems as they are the most diverse

and abundant marine zooplankton. They typically account for 70% of the abundance and

30% of the zooplankton biomass in open tropical oceans (Mckinnon and Duggan, 2014).

Small copepods (body length < 1 mm) have very short life cycles, high reproduction rates,

and high annual productivities. In marine ecosystems, their utilization for primary

productivity (17.63%–69.92%) is far greater than that of large copepods (3.18%–18.43%)
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(Wang et al., 2002). Hence, small copepods play a much more

important role in energy transfer than larger organisms.

Oncaeidae is an important family of small marine copepods,

which are most being smaller than 600 mm (Böttger-Schnack

and Schnack, 2009; Böttger-Schnack and Schnack, 2015; Heron,

1976; Malt, 1983). They are widely distributed, inhabiting seas

from the equator to the pole, and also can be found in all vertical

layers from the surface to the deep sea (Böttger-Schnack and

Schnack, 2015). However, as a result of the small size and focus

of studies on the photic zone, many oncaeids that occur in the

mesopelagic and bathypelagic zones are yet to be discovered

(Malt, 1982). This has severely hindered the research on species

diversity of the family Oncaeidae. Consequently, the importance

of this family in marine environments may be underestimated.
Advances in Oncaeidae taxonomy

The family Oncaeidae belongs to the suborder

Poecilostomatoida of the subclass Copepoda. At present, a

total of 115 oncaeids have been described worldwide (Razouls

et al., 2020). In the late 19th century, Giesbrecht established the

family Oncaeidae and described many of its species during a

study of planktonic copepods in the Gulf of Naples (Di Capua

et al., 2017). Since then, a great variety of oncaeids have been

discovered and described (Figure 1). Heron described 26

Oncaeidae species from the Southwest Pacific-Antarctica area,

established the genus Epicalymma, and described 22 new species

in 1977 (Heron, 1976). Thereafter, Malt (Malt, 1982) described

the morphology of one new species and two new combined

species of the genus Oncaea and studied the phylogenetic

relationships of species within the genus Oncaea based on

their character states. In the next year, 17 species belonging to

the genus Oncaea from the North Atlantic were described by

him. This research also reported that Oncaea venusta is
Frontiers in Marine Science 02
ubiquitous between 65°N and 50°S (Malt, 1983). Six years

later, another 17 species of Oncaea were recorded in the

Mediterranean Sea by Malt (Malt et al., 1989), three of which

were newly added from the Mediterranean faunal list. They also

observed that Oncaea species were most abundant from

December to January of the following year, and from March

to May. Go et al. (Go, 1994) found that Oncaea species occur

near Jeju Island in the East China Sea all year round and have the

highest abundances in spring (May to June) and autumn

(October to November). Böttger-Schnack (Böttger-Schnack,

1999; Böttger-Schnack, 2001; Böttger-Schnack, 2003; Böttger-

Böttger-Schnack, 2002; Böttger-Schnack and Schnack, 2015)

described several new Oncaea species in the Red Sea and

studied the taxonomic features of 112 species of Oncaea. As

studies in this area continued to progress, disputes began to arise

about oncaeid genera. For instance, Böttger-Schnack (Böttger-

Schnack, 1999) established the genus Triconia based on a study

of Oncaeidae in the Red Sea and suggested that some Oncaea

species should be categorized under this genus. However, Heron

and Frost (Heron and Frost, 2000) rejected the genus Triconia.

Nonetheless, Boxshall and Halsey (2004) still used the findings

of Böttger-Schnack to classify the family Oncaeidae into the

genera Archioncaea, Conaea, Epicalymma, Monothula, Oncaea,

Spinoncaea, and Triconia, according to their morphological

characteristics. Di Capua et al. (Di Capua et al., 2017) used a

phylogenetic tree based on mitochondrial cytochrome c oxidase

subunit I (COI) sequences to study the evolution of Oncaeidae

species, which raised doubts about the validity of the genus

Triconia. They then suggested that Triconia should be demoted

to a subgenus.

At present, Boxshall and Halsey’s classification system is still

used internationally, which divides the family Oncaeidae into 7

genera (Table 2), among which Oncaea has the largest number

of species. The genus Oncaea contains 72 species (including one

species affinis), mainly distributed in the Mediterranean Sea,
FIGURE 1

Trend chart of the number of discovered species and cumulative discovered species in Oncaeidae over the years.
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Black Sea, Indian Ocean and Red Sea. Triconia followed by 27

species, which are widely distributed in the Mediterranean Sea,

Black Sea, Indian Ocean, Red Sea, and the Pacific Ocean.

Epicalymma recorded 7 species worldwide, including 5 species

in the Arctic Ocean and 4 species in the Pacific Ocean (Table 1).

The genera Conaea, Spinoncaea, Archioncaea and Monothula

have 4, 3, 1, and 1 recorded species, respectively. According to

the geographical distribution data of Oncaeidae species provided

by the Global Biodiversity Information Facility (GBIF, https://

www.gbif.org/species/5048), the cumulative number of

Oncaeidae species was calculated in 1-degree grid (Figure 2).

From the perspective of global distribution, Oncaeidae can be

found in various sea areas, and the largest cumulative number of

species found in the Mediterranean Sea and the Black Sea. The

reason may be that most research on Oncaeidae was

concentrated in the Mediterranean and Black Seas.
Challenges faced by studies on the
diversity of Oncaeidae species and
their technical trends

Oncaeidae is highly diverse, with many specimens

distinguishable only by small structural differences in their

appendages. This has led to the misidentification and

underestimation of the actual species diversity of Oncaeidae

(Böttger-Schnack et al., 2004). Oncaeidae also includes a large

number of sibling species (Böttger-Schnack and Machida, 2011),

which further complicates taxonomic studies of the family.

For example, O. venusta Philippi, 1843, is ubiquitous in the

Atlantic, Pacific, and Indian Oceans (Malt, 1983) and also occurs

in the Yellow Sea, East China Sea, and the South China Sea. The

earliest known record of this species dates back to 1843 (Philippi,

1843). Eventually, different forms of O. venusta were discovered

by conducting marine surveys in the Indian Ocean and the Red

Sea (Böttger-Schnack et al., 1989; Böttger-Schnack and Huys,

2001), the Atlantic Ocean (Ferrari, 1975; Boxshall, 1977), and

the Northwest Pacific Ocean (Heron and Bradford-Grieve, 1995;

Heron, 2002, Heron, 1976). Farran (1929); Sewell (1947), and

Tanaka (1960) established two different form variants of O.
Frontiers in Marine Science 03
venusta—a larger forma typica and smaller forma venella, based

on their body lengths and the ratios between the lengths of their

posterior segments. In 1929, Farran described the morphology of

these two forms of O. venusta from the Atlantic Ocean. He

described the f. venella differs from the f. typica form by its

smaller size and more uniformly oval and narrower

cephalothorax. And the forebody of f. venella is also slightly

longer in proportion to the hind body than in the f. typica.

Thereafter, Sewell described the large and small forms of O.

venusta in detail. The f. typica variant has a ratio of 59:41

between the lengths of their anterior and posterior regions, a

ratio of 59:29 between the length and breadth of the anterior

region, and a ratio of 13:46:7:7:9:18 between the lengths of the six

segments of the posterior region (including the caudal rami),

whereas f. venella has a ratio of 60:40 between the length of the

anterior and posterior regions of the body, a ratio of 60:24

between the length and breadth of the anterior region, and a

ratio of 13:43:7:8:9:20 between the lengths of the segments of the

posterior region. Sewell also noted that these forms have

different spawning seasons. Subsequently, Tanaka reported

that the appendages of f . typica and f . venella are

indistinguishable, but the appendages the of latter are

slenderer than the former. For a long time, both form variants

were recorded as O. venusta. In 2002, Heron performed detailed

observations and analyses on O. venusta samples collected near

the coast of Liberia and the Gulf of Mexico and found that the

appendage structure of O. venusta var. venella is slightly different

from that of the larger variant. The venella variant has a mid-

dorsal dilation in the lateral view of the second pediger and setae

on the fifth leg of the males. Based on these characteristics,

Heron concluded that these variants are not the same species

and, for the first time, promoted O. f. venella to the species level.

Many other oncaeids also have intra-species variants similar

to O. venusta. This undoubtedly increases the difficulty of

studying and describing oncaeid taxonomy. For instance,

Sewell (1947) and Tanaka (1960) divided Oncaea media into

large (forma major) and small (forma minor) variants based on

the body lengths of males and females. However, these form

variants do not have any significant differences in their

appendages, and they only exhibit intraspecific differences in

their body sizes. Based on the lengths of males and females and
TABLE 1 Distribution of the genus of Oncaeidae in different sea areas of the world.

Red
Sea

Mediterranean Sea, Black
Sea

Indian
Ocean

Pacific
Ocean

Arctic
Ocean

Atlantic
Ocean

Antarctic and Sub-Ant-
arctic

Oncaea 16 39 25 8 8 6 8

Triconia 13 10 13 7 3 1 4

Epicalymma 1 1 0 4 5 0 0

Conaea 1 1 1 3 0 2 2

Spinoncaea 3 3 3 1 0 1 0

Archioncaea 0 0 1 0 0 0 0

Monothula 1 1 1 1 0 0 0
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the form of their bodies, Chihara and Murano (1997) divided O.

mediterranea samples collected from the seas of Japan into

small, typical, and large forms. Chihara and Murano (1997)

and Farran (1936) identified three forms of Triconia conifera.

based on the differences in the cephalothorax of the females, the

dorsal projection of the second thoracic segment, and their body

length: (1) the ‘stocky’ form, which has a significant dorsal

projection of the second thoracic segment; (2) the ‘minus’ form,

which has a slight dorsal projection of the second thoracic

segment; and (3) the ‘bumped’ form, which has dorsal

projections in the second thoracic segment and cephalothorax.

It can be difficult to differentiate between closely related taxa,

such as congeneric and cryptic species, based on morphology

(Matarese et al., 2011; Kwun, 2018). Furthermore, copepod

taxonomists have different levels of expertise and capabilities,

making their experience a dependent variable in the

morphological identification of oncaeids. As a result of these

limitations, the information on the community structure and

vertical distribution of the family Oncaeidae is scarce and limited

(Hopcroft et al., 1998; Böttger-Schnack et al., 2004). In addition,

the available biological data are often based on higher taxonomic

categories, such as genera or even families (Sutton et al., 2001).

The traditional taxonomic approach is time-consuming,

requires effort, and depends on the experience and subjective

opinions of the researcher. Furthermore, its application is also

constrained by the quantity and quality of the collected samples.

These inherent limitations of the morphology-based

identification systems and the decline in the number of

taxonomists necessitate the adoption of a molecular approach
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to identify species (Di Capua et al., 2017). Hence, there is a

consensus among researchers that the future of taxonomy and

species diversity research lies in the establishment of molecular

markers that are related to morphological characteristics

(Böttger-Schnack and Machida, 2011). This would result in

rapid, accurate, and objective identification of species.

DNA barcoding is a kind of molecular biology technique,

which widely used in animal evolutionary genetics, molecular

ecology, genetic diversity studies, and conservation studies

(Goetze, 2003; Hebert et al., 2003a; Hebert et al., 2003b; Kress

et al., 2015) and has also been used to study the family Oncaeidae.

For example, to facilitate the identification of Oncaeidae in the

Mediterranean Sea, Böttger-Schnack and Machida (Böttger-

Schnack and Machida, 2011) used a combination of

morphological taxonomy and molecular biology techniques. A

total of 67 preidentified specimens were analyzed using

approximately 650 and 500 bp region of the mitochondrial COI

and 12S small ribosomal RNA (12S rRNA) gene sequence, and 24

oncaeid species were successfully identified. This study also

compared the genetic data of three species of the similis-

subgroup, Triconia minuta, and Triconia. umerus and Triconia

sp. 8, which have been interpreted as sibling species based on their

morphological characters. Triconia sp.8 was genetically confirmed

as a distinct species as the three species showed the same genetic

distance to other known subgroups. Using the COI gene method,

this study analyzed the taxonomic status of two form variants of

Oncaea mediterranea. It is difficult to assess whether two forms

can represent genuine species when they cannot be distinguished

based on morphological methods as the two forms differed only
FIGURE 2

The cumulative number of Oncaeidae species in different sea areas of the world.
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concerning the appearance of both sexes and the length to width

ratio of the caudal ramus in females (Böttger-Schnack and Huys,

1997; Böttger-Schnack and Machida, 2011). The genetic

analyses confirmed that the two forms represent genuine

species and proved the usefulness of COI sequencing for

species discrimination.

Elvers et al. (Elvers et al., 2006) clarified the relationship

between O. venusta and O. f. venella by sequencing their

mitochondrial cytochrome b (Cyt b) gene and internal

transcribed spacer 1 (ITS1) and concluded that they are

distinct species. The cyt b sequences of the genus Oncaea

showed a much higher level of variation than ITS1. Hence, the

results obtained by using two different genes were concordant.

Four genetic clades could be differentiated. A small-size and a

large-size group of Oncaea were unambiguously assigned to two

distinct clades or lineages, indicating that the two morphs of O.

venusta have to be defined as different species. Additional

morphological studies and more sensitive nuclear markers are

required for the medium-size group to clarify their taxonomic

status. Iole Di Capua et al. (Di Capua et al., 2017) identified six

oncaeid species using ITS rDNA and COI, which are complexes

of closely related species (Heron and Frost, 2000; Böttger-

Schnack and Huys, 2001; Böttger-Schnack and Machida,

2011). The phylogenetic analyses based on these two genomic

regions corroborated the species identification based on

morphological characters and validated the sisterhood of the

genera Triconia and the Oncaea sensu stricto. The result also

suggests the possibility to demote Triconia to sub-genus or

allocating Oncaea sp. 7, Oncaea parabathyalis, Oncaea

shmelevi, and Oncaea prendeli into another genus.

The resolution of these controversies has demonstrated the

promise of molecular biology techniques for the study of cryptic

species in the family Oncaeidae. Further improvements in

molecular biology techniques will enhance the speed and

accuracy of taxonomic studies on the family of Oncaeidae. It

may then become possible to infer the evolutionary history,

geological isolation, and genetic differentiation of oncaeid

species. This shall provide basic data and technical support for

the study of oncaeid taxonomy and diversity, thus driving

advances in these areas. Although the number of available

COI sequences for marine planktonic copepods is relatively

high, obtaining COI fragments from oncaeids using the

universal primers commonly employed for copepods proved to

be difficult (Machida et al., 2004; Böttger-Schnack and Machida,

2011). As the DNA barcode data on the family Oncaeidae

contains large gaps, the classification of oncaeids based on

molecular biology techniques is still in an exploratory stage.

For instance, the GenBank database only contains 29 DNA

barcodes of the family Oncaeidae, which represent 16 species.

The Barcode of Life Data System (BOLD) database only contains

46 DNA barcodes of 16 species from the family Oncaeidae

(Figure 3). Most of these data were collected from the

Mediterranean Sea (Figure 4), whereas data from other marine
Frontiers in Marine Science 05
regions are extremely scarce. Therefore, there is a great

discrepancy between the DNA barcode data and the species

diversity of the family Oncaeidae.

Finally, we propose that DNA barcodes should be sequenced

from different copepods to improve the database, which will

broaden our knowledge regarding the main inhabitants of the

pelagic realm, and subsequently, enable future studies based on

secondary structure-derived stem phylogeny (Schultz and Wolf,

2009; Di Capua et al., 2017).
Studies on the distribution and
habitat of the family Oncaeidae

The Oncaeidae family is widely distributed in the Atlantic

Ocean (Ferrari, 1975; Boxshall, 1977), the Indian Ocean

(Böttger-Schnack et al., 1989; Böttger-Schnack and Huys,

2001), the Pacific Ocean (Heron and Bradford-Grieve, 1995;

Heron, 2002), the Mediterranean Sea (Malt, 1983; Malt et al.,

1989) and polar waters (Heron, 1976; Kattner et al., 2003).

Many studies describe the vertical distribution of Oncaeidae

species in water. Malt (1983) recorded the distribution areas and

water layers inhabited by 17 species of Oncaeidae. Paffenhöfer

(Paffenhöfer, 1983) observed that the abundance of Oncaea

species increased with an increase in depth in the Northeast

Florida shelf. Böttger-Schnack (Böttger-Schnack, 1996) collected

micro metazoans in the Arabian Sea using a fine mesh of 0.05

mm size and studied their abundance and vertical distribution.

He found that the species diversity of Oncaeidae increased

remarkably in the area below 1,050 m in the deep-sea layers.

He collected a total of 69 species of Oncaeidae, out of which two-

thirds were confined to this layer. When Paffenhöfer and

Mazzocchi (Paffenhöfer and Mazzocchi, 2003) studied the

vertical distribution of plankton copepods in Bermuda waters,

they found that the genusOncaea was almost absent in the upper

mixed layer and upper thermocline. The vertical distribution

showed an increase in abundance with depth. The species

abundance showed diurnal changes, and the abundance at

night was 1.5–15 times higher than that during the day.

Böttger-Schnack (Böttger-Schnack, 1992) studied the female

and male individuals of Oncaea tregoubovi in the middle of

the Red Sea in autumn. It was found that the females were evenly

distributed at a depth of 250–450 m and no diurnal difference in

the vertical distribution was observed. The males were also

distributed at similar depths as females during the day, but

they tended to move downward at night, with high distribution

in the water layer at 400–450 m depth. Lo et al. (Lo et al., 2004)

observed the diurnal vertical movement of plankton copepods in

the upwelling area of Cotton Valley in northern Taiwan and

observed that O. venusta, O. mediterranea, and Oncaea conifera

showed a diurnal vertical movement pattern. The individuals of

these species descended during the day and ascended at night,
frontiersin.org
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and they reached different depths at different rates based on the

species. Itho et al. (Itoh et al., 2014) found that most species of

Oncaeidae in the Northwest Pacific Ocean migrated downwards

from the surface layer between August and November when the

thermocline decreased significantly.

Many studies have focused on the ecological habits of

Oncaeidae, particularly on feeding habits. For example,

Ohtsuka and Kubo (Ohtsuka and Kubo, 1991) found that O.

mediterranea can ingest particulate organic matter found in

marine snow. Further, Oncaea species can also use gelatinous

zooplankters such as Thaliacea as a potential substrate for

survival (Böttger-Schnack et al., 1989). Ohtsuka et al. (Ohtsuka

et al., 1993) studied the vertical distribution characteristics of

most Oncaea species and found that their abundance was

significantly positively correlated with the abundance of

Appendicularia because some Oncaea species can use the

“appendicularian houses” as their living environment and food

source. Steinberg et al. (Steinberg et al., 1994) found that O.

conifera and Oncaea similus can also inhabit the houses of

Bathochordaeus spp. with an average number of occurrences
Frontiers in Marine Science 06
per house as high as 64.6. In a study of intestinal contents of

Oncaea by Ohtsuka et al. (Ohtsuka et al., 1996), gender

differences were detected in the proportion of housing in

Ascidian—on average, the detection rate of females 61.0% was

higher than that of males (42.4%). The most significant gender

difference was observed for O. venusta and Oncaea clevei.

Diatoms, dinoflagellates, copepodids, copepods nauplii, and

radiolarian were also detected in the intestinal contents of

Oncaea species. Among them, copepodids and copepods

nauplii were only detected in the intestinal tract of larger

species (> 0.7 mm), whereas radiolarian was only detected in a

few species. Further, the detection rate in female O. conifera was

up to 60%. Metz (Metz, 1998), when studying Oncaea curvata in

the Southern Ocean, found that 18% of the carbon in O. curvata,

which was cultured in the natural environment, was obtained by

ingesting Phaeocystis. When Phaeocystis explosive growth, the

daily intake of Phaeocystis could reach 35% of the carbon

content in the body. Go et al. (Go et al., 1998) studied each

ontogenetic stage of Oncaea and found that in the later stage

(larvae and mature individuals of copepods of the fifth stage),
FIGURE 3

The number of DNA barcodes of Oncaeidae in the Database of Genbank (right) and BOLD (lift).
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they often appeared at the same time as Sagitta and Oikopleura,

and could prey on Sagitta. Kattner et al. (Kattner et al., 2003)

found that the food source for Oncaea species in the polar

regions is mainly organic debris particles or polymers and not

fresh phytoplankton and inferred that these species can be

omnivorous or carnivorous. Wu et al. (Wu et al., 2004) also

observed non-selective feeding in the intestinal contents of O.

venusta, O. mediterranea, and O. conifera in the southern

Taiwan Strait, and found the major components of the diets of

the 3 copepods were the diatoms Chaetoceros sp. and

Thalassiothrix sp., although radiolarian, microzooplanktonic,

and copepod debris was also found in the gut contents.

In addition, relevant studies have been undertaken to reveal

the population characteristics and behavioral characteristics of

Oncaeidae. Boxshall (Boxshall, 1977) collected specimens of O.

mediterranea and O. conifera from theWaters of the Cape Verde
Frontiers in Marine Science 07
Islands using a 0.3 mm net and found that males were

considerably less prevalent in these two populations—males

constituted less than 5% of the adult stock. Moore and Sander}

(Moore and Sander, 1983) collected Oncaea species throughout

the year from the west coast of Barbados using a 0.25 mm mesh.

The samples contained approximately the same number of

males and females. Similarly, Böttger-Schnack et al. (Böttger-

Schnack et al., 1989) also obtained a sex ratio of approximately

1:1 for Oncaeidae species, which were collected from the Red Sea

using a 0.1 mm mesh size. They speculated that the difference in

the mesh size resulted in the discrepancy in the sex ratio of the

collected species, and they hypothesized that the sex ratio is

related to the body size of the family. The gender differences

among Oncaea species become less apparent with a decrease in

the average size of the species. Small-sized Oncaea ivlevi has

approximately similar sized males and females. In contrast, the
FIGURE 4

The distribution map of Oncaeidae species with DNA barcoding in different sea areas of the world.
TABLE 2 The key to the genera of the family Oncaeidae.

Archioncaea Monothula Spinoncaea Oncaea Triconia Epicalymma Conaea

setae number of leg P5 3 0-2 0-2 0-2 0-2 0-2 0-2

segmented endopods of legs P1–P4 2 3 3 3 3 3 3

expansion on dorsal surface of caudal ramus no no no no no yes yes

seta III of caudal ramus setiform setiform strong spine setiform setiform setiform setiform

female egg sac – single paired paired paired – –

mid-dorsal projection of adult females 2nd pedigerous somite no no no no yes or no no no

distal conical process located between apical and outer margin
spines of endopod of leg P4

no no no no yes no no
front
iersin.org

https://doi.org/10.3389/fmars.2022.919877
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Sun et al. 10.3389/fmars.2022.919877
males of the larger O. mediterranea and O. conifera are 30% to

40% smaller than the females. Consequently, the males of these

species may not be collected if larger nets are used, which may

account for the low percentage of males of O. mediterranea and

O. conifera obtained by Boxshall. Paffenhofer (Paffenhöfer,

1993) found that at a high level of food consumption, the food

intake of O. mediterranea is approximately 100% of body weight

at an index increase of 0.26 in the early stage, and the average

reproductive rate of O. mediterranea in the field is 5.3–13.3

nauplii per day, and the average life span is 29–41 days. At the

same time, the author suggests that increasing the number of

eggs, the O. mediterranea can maintain a low metabolic cost and

may account for the prevalence of O. mediterranea in the sea.

Böttger-Schnack et al. (Böttger-Schnack et al., 1989) found that

the egg diameter of the Oncaea species was not proportional to

the female body length and that small species of Oncaea carried

far fewer eggs than the large ones. For example, each oocyst in

Oncaea vodjanitskii and O. ivlevi carries only one to three eggs.

However, the diameter of these eggs is almost identical to that of

larger species. Females smaller than 0.5 mm produce eggs of

fairly constant size regardless of the body length, and the

minimum diameter of eggs may be about 0.04 mm. Hwang

and Turner (Hwang and Turner, 1995) observed the movement

patterns of several plankton copepods off the coast of Taiwan

and found that O. venusta has long periods of immobility, but

once they began to swim, they progress in a series of small jumps

and often swim in circles while frequently changing their

movement and rest modes. Paffenhöfer et al. (Paffenhöfer

et al., 1996) compared the activity cycle and speed of eight

species of plankton copepods on the southeastern continental

shelf of the United States. O. mediterranea (an order of

magnitude higher than Temora stylifera, which with the

slowest movement speed) has the highest rate of movement.

Seuront et al. (Seuront et al., 2004) studied the swimming path,

swimming speed and other behavioral characteristics of O.

venusta and reported the interaction between its behavior

and environment.
Outlook on future research

Oncaeidae is an important family of small copepods found in

marine ecosystems. Oncaeidae species are small in size and often

have similar morphologies. This family contains many sibling

species as well as intraspecific variants, and only 115 species of

Oncaeidae have been described to date. At present, the studies of

Oncaeidae are deepening, but the limitations of taxonomy and

sampling methods hindered the biodiversity research, and the role

in the marine environment was severely underestimated. Future

research needs to constantly extend in depth and breadth, this

paper puts forward suggestions from three aspects.
Frontiers in Marine Science 08
The species of Oncaeidae show high morphological

similarity, and many of them can only be distinguished by

structural differences in the appendages. The morphological

taxonomy of Oncaeidae is time-consuming and labor-

intensive, and relies heavily on researchers’ personal

experience and subjective understanding. Moreover, the

morphological taxonomy of Oncaeidae is also hindered by the

quantity and quality of specimens. Therefore, it will be the future

trend to establish a rapid, accurate, and relatively objective

molecular identification basis based on traditional taxonomic

and molecular biological methods. It is believed that the speed

and accuracy of the classification of Oncaeidae can be improved

through optimization technology, solving the species evolution

history, geographical isolation, and genetic differentiation. This

will provide basic data and technical support for species

classification and biodiversity analysis of Oncaeidae, and

promote the classification research process.

Oncaeidae is widely distributed from the equatorial to the

polar oceans on the horizontal scale and from the ocean surface

to the deep sea on the vertical scale. However, previous studies

on the planktonic flora and fauna usually focused on the

epipelagic zone. The studies that are conducted in the deep

sea, particularly in the vast oligotrophic regions of the ocean and

the mesopelagic and bathypelagic zones, are extremely rare.

Therefore, expanding taxonomic researches of Oncaeidae on

geographic areas, particularly in the coastal zone, edge and deep-

sea, will accelerate the development of taxonomy and species

diversity of Oncaeidae, and the discovery of new species. The

specimens of marine organisms are the precondition of

taxonomic research, which is related to the limitation of

sampling technology, equipment and funds. We need to pay

attention to the renewal of sampling technology and the

improvement of sampling equipment, and promote the use of

diverse sampling nets, such as the WP2 plankton net suitable for

the collection of small and medium-sized zooplankton, and the

Multinet is used to collect more comprehensive samples. At the

same time, improving the analysis equipment in the laboratory.

Therefore, marine ecologists will pay more attention to the

middle and small copepods, and the taxonomic study of the

family Oncaeidae must be deepened, and its species diversity can

be continuously explored and discovered.
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