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What makes pelagic copepods so successful?
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Three features that are unique or almost unique to pelagic copepods among zooplankton may account for their numerical dominance in the pelagic realm of the oceans: (i) The torpedoshaped body, the sensory armed antennules, and the 'gearing' of the muscle motor make pelagic copepods very efficient in detecting and escaping predators. The specific force production and velocities during escape jumps are both about an order of magnitude higher than for similarly sized organisms. (ii) The capability to remotely detect prey and to either capture these as they arrive in a scanning current, or as they swim through the perceptive sphere of the copepod, releases the copepods from the penalties associated filtering sticky water for prey particles. Scanning currents and active attack jumps are found in only few other zooplankters. (iii) Efficient mate finding in a mate-dilute environment allows for sexual reproduction with actual mating in each generation, otherwise uncommon in the plankton, and yields advantages in terms of deleting bad mutations and promoting 'good genes' through sexual selection.

Introduction

Copepods colonized the pelagic realm and evolved from benthic ancestors in the Palaeozoic some 200-400 mio years ago [START_REF] Bradford-Grieve | Colonization of the pelagic realm by calanoid copepods[END_REF]. They typically dominate the zooplankton biomass in the contemporary ocean [START_REF] Verity | Organism life cycles, predation, and the structure of marine pelagic ecosystems[END_REF] and are believed to be the most abundant metazoans in the ocean and, maybe, on the planet [START_REF] Humes | How many copepods?[END_REF]. While it is difficult to explain why copepods are so successful, except that it is a result of mere chance in the evolutionary process of natural selection, one may address the question of what it is that makes copepods competitively superior to other, similarly sized organisms. In this Horizons article I summarise old insights and recent discoveries to portray some of the mechanistic features that may account for the success of copepods in the plankton. And I identify some of the still unresolved problems Like other organisms, copepods have to feed, to survive, and to reproduce, and the challenges to these Darwinian missions are different in the water column than, for example, on the seafloor or on land. First and foremost, planktonic copepods live in a 3-dimensional world; food resources and mates are distributed in a water column rather than on a plane. One can intuitively imagine and formally demonstrate that it is much more difficult to find prey (or anything else) when these are distributed in a volume rather than on a surface. In addition, the primary production in the ocean is on average less than that on land [START_REF] Field | Primary production of the biosphere: integrating terrestrial and oceanic components[END_REF]. Consequently, the ocean is a nutritionally very dilute environment, a fact long realized [START_REF] Conover | Zooplankton-Life in a nutritionally dilute environment[END_REF]), and copepods need to clear a very large volume of water every day for food (equivalent to about 10 6 times their own body volume) in order to grow and sustain a population in the face of mortality [START_REF] Kiørboe | How zooplankton feed: Mechanisms, traits and tradeoffs[END_REF]Fig. 1). Similarly, mates are far apart, and random encounters are insufficient to ensure population maintenance. Secondly, copepods live in a Reynolds number regime where viscous forces dominate or are important (Yen, , which implies that swimming, grabbing objects, and sieving water for food become nontrivial or non-intuitive tasks. Finally, most zooplankton are too small to develop real vision (the capability to form a picture). Although most copepods can sense light, vision plays no role except possibly in a few special cases, and copepods sense their environment mainly through chemical and hydromechanical cues. While these conditions apply to other zooplankters as well, copepods have apparently found particularly efficient or robust solutions to these challenges in pursuing their three main missions.

Surviving: perceiving and escaping predators

Pelagic copepods have many predators, mainly among other copepods, chaetognaths, jellyfish, fish and even whales. As pointed out by Smetacek and [START_REF] Verity | Organism life cycles, predation, and the structure of marine pelagic ecosystems[END_REF], all pelagic copepods essentially look the same: they have a torpedo-shaped body with sensory-armed antennules that reach out in the water. They are, essentially, sensory and escape machines that are capable of both remotely perceiving approaching predators and predator feeding currents, and of efficiently escaping these.

Perception of individual predators is exclusively through the fluid velocity gradient that a moving predator generates and the mechanism is rather well understood: a copepod in a fluid velocity gradient will experience a velocity difference between itself and the ambient water, leading to the bending of mechanoreceptory setae on the antennules and, in turn, to the generation of a neural signal [START_REF] Strickler | Setae of first antennae of copepod Cyclops scutifer (Sars). Their structure and importance[END_REF][START_REF] Gill | Sensitivity of intact antennules amputed copepods to water disturbance[END_REF][START_REF] Yen | Mechanoreception in marine copepods. Electrophysiological studies of the 1 st antennae[END_REF]Kiørboe and Visser, 1999).

Similar sensing mechanisms are found in other aquatic invertebrates, e.g. chaetognaths [START_REF] Feigenbaum | Prey detection in the Chaetognatha: Response to a vibrating probe and experimental determination of attack distance in large aquaria[END_REF]. The nerves in the antennules in many pelagic species are equipped with myelin sheaths, which is unusual for invertebrates, but which is believed to make nerve transmission particularly rapid [START_REF] Davis | Myelin-like sheaths in copepod axons[END_REF]. Rapidity of the response is, of course, essential to the efficiency of the escape and thus provides copepods with an advantage over other invertebrates with slower nerve transmission. Later studies have revealed that signal transmission in 4 copepods that lack these myelin sheaths is equally fast and, hence, that myelination appears not to be the key to the rapid nerve transmission [START_REF] Waggett | Escape reaction performance of myelinated and nonmyelinated calanoid copepods[END_REF].

Depending on the intensity of the signal, this may elicit a powerful escape response by the copepod [START_REF] Yen | Mechanoreception in marine copepods. Electrophysiological studies of the 1 st antennae[END_REF] (Fig. 2). Escape jumps are driven by the 4 or 5 pairs of swimming legs; these strike rapidly backwards sequentially and push the copepod forward (e.g., [START_REF] Strickler | Swimming of planktonic Cyclops species (Copepoda, Crustacea): pattern, movements and their control[END_REF]. The beat-cycle lasts a few ms and may be repeated up to 10 or more times at frequencies of 50-150 Hz leading to a highly fluctuating escape velocity [START_REF] Lenz | Temperature compensation in the escape response of a marine copepod, Calanus finmarchicus (Crustacea)[END_REF]Kiørboe et al., 2010a). Peak velocities may approach 1000 body lengths per second, and it has been realised for a while that this is fast relative to startle velocities reported for other aquatic organisms. Thus, escape velocities in pelagic copepods are about an order of magnitude higher than escape velocities of other, similarly sized aquatic vertebrates and invertebrates [START_REF] Lenz | Force production during pereiopod power strokes in Calanus finmarchicus[END_REF]. The force production required to achieve such rapid acceleration speeds is likewise high. Experimental measurements of this force [START_REF] Alcaraz | Locomotion in copepods. Patterns of movement and energetics of Cyclops[END_REF][START_REF] Lenz | Force production during pereiopod power strokes in Calanus finmarchicus[END_REF] as well as theoretical calculations based on jump kinematics and simulation models both demonstrate that the muscle mass-specific force production, averaged over a beat cycle, is > 10 times higher than reported for any other animal muscle motor (Kiørboe et al., 2010a). This is the more surprising because the peak force production of animal motors, ranging from insects to fish and birds, is strikingly constant among organisms (about 57 N per kg motor mass) [START_REF] Marden | Molecules, muscles, and machines: Universal performance characteristics of motors[END_REF]. This pronounced difference is not due to copepod muscles being more efficient or forceful than those of other animals, but likely due to a different 'gearing' of the muscle-limb lever system, facilitated by an exoskeleton where muscles can attach (Kiørboe et al., 2010a. The convergence of peak muscle motor performance among widely different animals has been hypothesized to be governed by material fatigue and motor lifespan, with motor lifespan decreasing dramatically at higher performances [START_REF] Marden | Scaling of maximum net force output by motors used for locomotion[END_REF]. Many copepods have two propulsion systems: they swim by vibrating the feeding appendages, while the swimming legs are used exclusively for short-lasting escape jumps. The gearing of the swimming legs can therefore be adapted to impulsive rather than continuous force production and is, hence, not constrained by material fatigue in the same way that continuously operating motors are (Kiørboe et al., 2010a). In addition, the swimming legs and power stroke duration appear to be designed for high propulsion efficiency, which indeed is unusually high (> 90 %) compared to that of other swimming and flying organisms (Jiang and Kiørboe, 2011b). The impulsiveness of the power stroke is the key to this high efficiency because it leads to the shedding of a low-energy, viscous vortex ring in the wake of the copepod rather than a higher-energy jet. Altogether, these features allow for unusualy forceful and fast escape responses in pelagic copepods.

Feeding

Copepods feed in either or both of two main ways: ambush feeding and feeding-current feeding. Some copepods are capable of switching between the two feeding modes, e.g., Calanus pacificus [START_REF] Landry | Switching between herbivory and carnivory by the planktonic copepod Calanus pacificus[END_REF] and Acartia tonsa [START_REF] Jonsson | Feeding behavior, prey detection and capture efficiency of the copepod Acartia tonsa feeding on planktonic ciliates[END_REF]. Ambush feeding copepods hang motionless in the water and attack prey that swim through their perceptive sphere [START_REF] Svensen | Remote prey detection in Oithona similis: hydromechanical vs. chemical cues[END_REF][START_REF] Jiang | Hydrodynamic signal perception by the copepod Oithona plumifera[END_REF] (Fig. 3). Prey perception is solely by hydromechanical means and is well understood in principle (Yen and Strickler, 1996;Kiørboe and Visser 1999;[START_REF] Visser | Hydromechanical signals in the plankton[END_REF]: the fluid disturbance that the swimming (or sinking) prey generates is perceived by the mechanoreceptory setae on the antennules. The copepod seems to be capable of a very detailed 3-dimensional interpretation of the fluid signal, presumably through differences in signal characteristics received by individual setae positioned along the antennules [START_REF] Fields | Mechanical and neural responses from the mechanosensory hairs on the antennule of Gaussia princeps[END_REF].

Thus, the copepod can initiate its attack jump when the prey is in an optimal position for attack [START_REF] Jiang | Hydrodynamic signal perception by the copepod Oithona plumifera[END_REF], and precisely orient its attack strike, even when this requires a complete turn and rotation of the body during the strike [START_REF] Kiørboe | Mechanisms and feasibility of prey capture in ambush feeding zooplankton[END_REF]. The duration of the F o r P e e r R e v i e w 6 attack lunge is similar to the nerve transmission time through the antennules, both a few milliseconds, so the copepod cannot receive additional information of the position of the prey during the attack. The attack jump is accomplished similarly to an escape jump by sequentially striking the swimming legs backwards. An essential feature of the attack itself is its rapidity. First, the rapidity allows the copepod to surprise the prey; even if an evasive prey (like a ciliate) may perceive the fluid disturbance generated by the attacking copepod, typical prey latency times are similar or longer than the duration of the attack lunge (2-10 ms, [START_REF] Machemer | Progress in Sensory Physiology[END_REF].

Second, the rapidity of the attack prevents the copepod from pushing the prey away as it attacks because only a thin viscous boundary layer develops in the course of the jump [START_REF] Kiørboe | Mechanisms and feasibility of prey capture in ambush feeding zooplankton[END_REF]. A smaller or slower zooplankter would be surrounded by a thicker viscous boundary layer that would prevent the predator from approaching its prey. Therefore, ambush feeding with such active attack jumps are restricted to relatively large (> ca. 250 µm) and powerful zooplankton with a hydrodynamic body shape, and is only found among copepods and chaetognaths. Ambush feeding is mandatory for pelagic cyclopoid copepods and is found also among some calanoids (e.g. Acartia spp), but most if not all pelagic calanoids (also) generate feeding currents. This is accomplished by vibrating the feeding appendages and in some species also the swimming legs in regular but rather complex patterns (e.g. Van Duren and Videler, 2003) (Fig. 4; Web appendix 1). In many or most species the feeding current is not passed through a filter but is rather a scanning current; that is, prey arriving in the feeding current are perceived and captured individually by the maxillae that fling open in response to an arriving prey [START_REF] Koehl | Copepod feeding current -food capture at low Reynolds number[END_REF][START_REF] Paffenhöfer | Suspension-feeding by herbivorous calanoid copepods. A cinematographic study[END_REF][START_REF] Strickler | Feeding currents in calanoid copepods: two new hypotheses[END_REF]. The sticky nature of water at the low Reynolds number of the feeding current essentially prevents the filtering of large quantities of water through a small, fine-meshed filter (the maxillae) and remote prey detection and individual prey capture current in a manner similar to copepods; there are examples of ctenophores that remotely perceive prey in the feeding current, but this seem not to be essential for their feeding [START_REF] Costello | Influence of prey detection on capture success for the ctenophore Mnemiopsis leidyi feeding upon adult Acartia tonsa and Oithona colcarva copepods[END_REF]. Detection of prey in the feeding current is probably mainly by chemical cues: the cloud of leaking solutes that surrounds a phytoplankton cell is drawn out in the accelerating and sheared feeding current, and a chemical signal thus arrives to the copepod prior to the prey itself and allows the copepod to redirect the feeding current and capture the prey particle [START_REF] Andrews | Deformation of the active spaces in the low Reynolds number feeding current of calanoid copepods[END_REF]More et al., 1999). The concentration of solutes around the prey cell and, hence, the strength of the chemical signal is proportional to the leakage rate and thus increases with the size of the prey cell. Large prey can therefore be detected at a further distance than small ones, and the clearance rate on large prey therefore larger than on small prey, consistent with observed prey size spectra in copepods (e.g., [START_REF] Frost | Effects of size and concentration of food particles on the feeding behaviour of the marine planktonic copepod Calanus pacificus[END_REF]. Conversely, chemical detection puts a lower size-limit on the prey because signals from small prey are too weak to allow detection; observations suggest that the lower size limit is about 10 µm [START_REF] Price | Modes of cell capture in calanoid copepods[END_REF]). Yet, smaller particles are captured, albeit at a lower efficiency, possibly strained by the setae on the maxillae. Such (filter?) feeding seems to be the dominant capture mode for small prey [START_REF] Price | Modes of cell capture in calanoid copepods[END_REF] or for any prey in feeding-current feeding Acartia clausi (e.g., [START_REF] Rosenberg | Filmed observations of filter feeding in the marine planktonic copepod Acartia clausii[END_REF] but the capture mechanism has never been clearly observed, described, nor quantitatively understood. For example, A. tonsa, in contrast to many other feedingcurrent feeding copepods vibrates the setose maxillae in concert with the other feeding appendages and, thus, not in response to the presence of a prey. The maxillae plays an important role in generating the feeding current, but prey seems not to be captured on the maxillae (own observation). Feeding current feeding is inherently a more efficient feeding mechanism than ambush feeding for two reasons: (i) ambush feeding is restricted to motile prey while feeding current feeding may target both motile and non-motile prey; and (ii) the encounter velocity is governed by the feeding current and the prey swimming velocity for feeding-current and ambush feeders, respectively, with the former typically being 10 times the latter [START_REF] Kiørboe | How zooplankton feed: Mechanisms, traits and tradeoffs[END_REF]. Despite the lower feeding efficiency of ambush feeding, this may still be a feasible feeding mode. Ambush feeding is hydrodynamically a much less conspicuous behaviour than feeding-current feeding, at least for small copepods; the fluid signal generated by the ambush feeder is mainly restricted to short-lasting, viscous vortex rings produced by occasional repositioning jumps, while the feeding-current feeders produce a consistent jet of larger spatial extension (Kiørboe et al., 2010b; Jiang and Kiørboe 2010 a). Thus, a lower feeding efficiency is compensated for by a lower mortality risk, potentially making the two feeding modes equally fit.

While the two main feeding modes described above are shared by only very few other plankters and thus are nearly unique to pelagic copepods, I shall briefly mention a final way of acquiring food that is utilized by a great variety of zooplankters but which has received little attention in the past: colonizing and feeding on marine snow aggregates and other large particle. Large suspended particles may house a rich attached zooplankton community that actively feed on the host particle (reviewed in [START_REF] Kiørboe | Colonisation of marine snow aggregates by invertebrate zooplankton: abundance, scaling, and possible role[END_REF]. Some copepods, despite living in the water column, are often found on aggregates and appear to be much better adapted to feed on surfaces, e.g., Oncaea spp and the harpacticoid Microsetella norvegica [START_REF] Metz | Feeding of Oncaea curvata (Poecilostomatoida, Copepoda)[END_REF][START_REF] Koski | Benthic life in the pelagic: aggregate encounter and degradation rates by harpacticoid copepods[END_REF]. Copepods likely find these larger particles by encountering and following the chemical trail that sinking and leaking particles leave in their wake [START_REF] Kiørboe | Formation and fate of marine snow: small-scale processes with large-scale implications[END_REF]. Observations and modelling studies have suggested that this mode of feeding may be quantitatively important (Koski et al., 2005, Jackson and[START_REF] Jackson | Finding a particle to eat by a chemosensitive zooplankter[END_REF]. 

Reproduction

Many mesozooplankters reproduce mainly parthenogenetically (e.g. cladocerans and rotifers) and hence only require occasional sex. Others are hermaphroditic and thus may self-fertilize (many ctnophores) although cross-fertilization may be the rule rather than the exception in most hermaphroditic species, such as chaetognaths [START_REF] Reeve | Observations and experiments on methods of fertilization in the chaetognath Sagitta hispida[END_REF]. Others again spawn their sexual products in the water and hence need not mate (e.g. many jellyfish). In contrast, copepods require sex with actual mating in each generation, and many species need multiple matings in the course of their reproductive career in order to stay fertile. While sex with mating is believed to be advantageous (helps remove deleterious mutations, helps the fight against diseases, and enhances the potential for sexual selection and promotion of 'good genes') it is also demanding because it requires that males and females encounter one another in a 3-dimensional environment. Frequent mating is not entirely unique to copepods in the plankton, it is found also among chaetognaths, for example, but it is not common. We now pretty well understand how mates find one another or otherwise cope with potentially low mate encounter rates. Many cyclopoid and harpacticoid copepods have pre-copulatory mate guarding; the male attaches to the the female while still immature and is thus in an advantageous position when the female matures. This leaves the mates a long time to find one another and random encounters may be sufficient to prevent encounter limitation; mate recognition is through contact pheromones [START_REF] Kelly | Chemical communication during mating of the harpacticoid Tigriopus japonicus[END_REF]. In most other species, pre-copulatory attachment is short-lasting (few minutes) and mate detection is remote and either through chemical or hydromechanical cues. Remote mate detection through diffusive pheromones in copepods has been known since at least [START_REF] Parker | The reactions of copepods to various stimuli and the bearing of this on daily depth migrations[END_REF] and has since then been described in more detail for a number of species (e.g., Katona, 1973;[START_REF] Griffiths | Chemical communication in the marine planktonic copepods Calanus pacificus and Pseudocalanus sp[END_REF]Doal et al., 1998;Bagøien and Kiørboe, 2005a;[START_REF] Kiørboe | Mate finding, mating, and population dynamics in a planktonic copepod Oithona davisae: There are too few males[END_REF]. The general pattern is that the females produce pheromones and the males search and find the pheromone signal that leads him to the female. To this end, males of species with chemical mate detection typically have many more [START_REF] Ohtsuka | Sexual dimorphism in calanoid copepods: morphology and function[END_REF].

A few species use hydromechanical signals for remote mate detection [START_REF] Strickler | Observing free-swimming copepods mating[END_REF]Bagøien and Kiørboe, 2005b) where one or both of the sexes perform small jumps that signal the presence, position and identity of the jumper to potential mates. Remote detection increases the mate encounter probability dramatically and to such an extent that mating rates probably rarely are encounter limited [START_REF] Kiørboe | Motility patterns and mate encounter rates in planktonic copepods[END_REF], Fig. 5). The high proportion of unfertilized females that are at times found in the ocean is due to a surprisingly low spermatophore production capacity found in the males of many species [START_REF] Kiørboe | Mate finding, mating, and population dynamics in a planktonic copepod Oithona davisae: There are too few males[END_REF][START_REF] Ceballos | First evidence of sexual selection by mate choice in marine zooplankton[END_REF]. It remains an unresolved question as to why many males spend such a huge effort in terms of high and sustained swimming velocities and consequent predation risk finding females when he may be able to fertilize only a small fraction of the females encountered. Competition for high quality young females is one possible reason that remains to be explored.

Conclusions

Pelagic copepods share a viscous, nutritionally dilute and dangerous environment with all other marine zooplankters but have in many cases evolved unique and efficient solutions to the main challenges of surviving, feeding, and reproducing in this environment. These solutions are key to their evolutionary success. First, the special body plan of copepods permits an efficient pursuit of these tasks: the torpedo shaped muscular body allows for high speed and acceleration, and the sensory equipped antennules reach far into the ambient water and gather efficient 3-dimensional information about the identity, position and velocity of prey, predators, and mates and allow for appropriate and timely responses. Second, their escape jump capability is unique among aquatic organisms and facilitated by the dual propulsion mechanisms that many copepods possess, the gearing of the swimming leg musculature, and by the impulsiveness of the jumps that allow for an unusualy high propulsion efficiency. Third, their two main feeding modes, scanning current feeding 11 and ambush attack jumps have been developed by none or few other zooplankters. Scanning current feeding in particular is likely to be more efficient than filter feeding, because the copepod passes water through a perceptive sphere rather than through a filter. Such filters either have to be extensive, as in ciliary filter feeders that can produce only a limited head pressure (e.g. doliolids), or the zooplankter has to develop a strong muscular pump, like in appendicularians. Smart technology, remote prey detection, utilized both in ambush and feeding-current feeding, releases copepods from the penalty of filtering sticky water. These, I believe, are the main reasons for the evolutionary success of pelagic copepods in the ocean.

One may ask why the features that make copepods so successful in the ocean have not also allowed their dominance in freshwater systems where in most cases cladocerans appear to occupy the mesozooplankton niche. Despite their similarity, the two environments are different and require different adaptations. Freshwater bodies are characterized by being smaller, more ephemeral (can dry out), more seasonal in some respects, more variable with respect to predation pressure (fish may be present or absent), and generally supporting higher food concentrations than the oceans. The optimal life-history and ecology is the result of environmentally driven tradeoffs. Obviously cladocerans are adapted to the more variable inland waters through parthenogenesis (that allows recolonization but at the loss of the advantages of sex in every generation), by having resting stages (at the loss of propagation rate; only those calanoids that have resting eggs have colonized freshwater, [START_REF] Hairston | Copepod reproductive strategies: Life-history theory, phylogenetic pattern and invasion of inland waters[END_REF], by having a high degree of phenotypic plasticity in response to predator presence (vertical migration; morphological predator defenses; timing of reproduction; Tollrian and Harvell (1999)), and by a relaxed investment in food acquisition (much lower clearance rates than marine zooplankton, Fig. 1). There are still unresolved questions in understanding the feeding and reproductive ecology of pelagic copepods. Knowledge about feeding mechanisms in nauplii, for example, is extremely limited [START_REF] Paffenhöfer | Feeding behaviour of nauplii of the genus Eucalanus (Copepoda, Calanoida)[END_REF] although the diversity of their behaviour is well documented [START_REF] Titelman | Motility of copepod nauplii and implications for food encounter[END_REF]. Many species produce feeding currents but the small optimum prey size of small nauplii likely prevents remote detection. How do they capture prey? The nauplii of other species remain motionless in the water, such as the nauplii of Oithona davisae, and they are reported to attack individual prey [START_REF] Henriksen | Feeding activity and swimming patterns of Acartia grani and Oithona davisae nauplii in the presence of motile and nonmotile prey[END_REF] although hydrodynamically this should not be feasible. High magnification and high speed video observations are required to elucidate the mechanisms. Mechanisms of capture or retention of small phytoplankton by copepodites is similarly unknown. We also don't understand the role of sexual selection in shaping the behaviour and population ecology of copepods. The fact that copepods mate and that mating is a rare encounter, which is potentially limitng, makes sexual selection a powerful determinant of their ecology [START_REF] Titelman | Copepod mating: chance or choice?[END_REF]. Thus, even though copepods are among the most studied marine invertebrates, there are still important aspects of their ecology that wait being explored. Conversely, exactly because copepods are so well studied and so numerically dominant, they may be good model organisms for examining topics of more general interest, such as sexual selection. species has 4 pairs of functional swimming legs, but only one pair at the time can be seen during the power stroke. Note that this particular species rotates around its own axis as it propels itself through the water. It is unknown whether this is due to imperfect symmetry in the power stroke of the right and left leg of a pair of swimming legs, or whether it serves a purpose. The speed during the escape jump is highly fluctuating, and peak speeds of escape jumps may be up to 1000 body lengths s -1 . Fig. 3. A prey attack in ambush feeding Acartia tonsa. Frozen high speed video-images, 2.6 ms apart (from left to right). The circle shows the position of the ciliate prey. Upon prey detection, the copepod jumps forward by striking the swimming legs backwards, and subsequently flings out the highly setose feeding appendages. This creates a vacuum that sucks in the prey. In the shown sequence, the copepod misses the prey in the first attempt (but gets it in the 2 nd ). . Both panels should be read from left to right and the sequence of pictures are frozen high speed video images selected at intervals 2.3 ms (A. tonsa) and 14.1 ms (M. Longa). In A. tonsa, the feeding current is generated by the vibration at ca. 60 Hz of all appendages (except the antennules): the swimming legs move collectively backwards and forwards coordinated with the opening and closing of the feeding appendages. This generates a rather fluctuating feeding current, while the animal is almost stationary in the water. The species is capable of clearing rather small algae (~5 µm) but the mechanism of capture or retention is unknown. M. longa (lower panel) generates a feeding current mainly by flapping the 2 nd antennae and the mandibles at 12 Hz, while the maxillipeds are almost stationary. The feeding current pulls the copepod rapidly through the water. Prey capture mechanism is unknown. A video of the two species feeding is in the Supplementary Material online. Fig. 5. The daily volume of ambient water that a male copepod can search for females as a function of his size. The volumetric search volume increases dramatically with size and, thus compensates for the fact that larger copepods are rarer. This leads to a mate encounter rate that is approximately size-independent. The magnitudes of the volumetric search volumes are impressive, several cubic meters per day for a few mm sized male, and such that at typical summer densities of adults in the upper ocean, mating is not encounter-limited. The search volumes have been computed from swimming velocities and perception distances using simple encounter models [START_REF] Kiørboe | Motility patterns and mate encounter rates in planktonic copepods[END_REF]. Data compiled from literature by [START_REF] Kiørboe | Motility patterns and mate encounter rates in planktonic copepods[END_REF] supplemented with data from [START_REF] Kiørboe | Mate finding, mating, and population dynamics in a planktonic copepod Oithona davisae: There are too few males[END_REF]. 
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