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Genetic species identification and low genetic diversity in Pseudocalanus acuspes of the Baltic Sea

Towe Holmborn, Erica Goetze, Maria Põllupüü, Arno Põllumäe

Introduction

The calanoid copepod genus Pseudocalanus is comprised of temperate-boreal, subarctic and arctic marine species that are often abundant in near-coastal waters. In the Baltic Sea, marine Pseudocalanus spp. live on the edge of their distribution with respect to salinity [START_REF] Hessle | Undersökningar över plankton och dess växlingar i Östersjön under åren 1925-1927. Svenska Hydrografisk-biologiska kommisionens skrifter[END_REF][START_REF] Ackefors | Zooplankton[END_REF]. Pseudocalanus is abundant throughout the Baltic proper, but is mostly found in offshore areas rather than in coastal zones, and is rarely present above the thermocline during the warm summer period [START_REF] Hessle | Undersökningar över plankton och dess växlingar i Östersjön under åren 1925-1927. Svenska Hydrografisk-biologiska kommisionens skrifter[END_REF][START_REF] Ackefors | Zooplankton[END_REF]. In offshore deep areas, this genus can constitute 70 -100% of all copepods in the water column [START_REF] Ackefors | Djurplankton I Östersjöområdet[END_REF]. In the Baltic Sea food web, Pseudocalanus is recognized as an important link between lower trophic levels and zooplanktivorous fish [START_REF] Peters | Trophodynamics and seasonal cycle of the copepod Pseudocalanus acuspes in the Central Baltic Sea (Bornholm Basin): evidence from lipid composition[END_REF], such as commercially-harvested cod, herring, and sprat [START_REF] Hinrichsen | Biophysical modeling of larval Baltic cod (Gadus morhua) growth and survival[END_REF]Möllman et al., 2003;[START_REF] Casini | Feeding preferences of herring (Clupea harengus) and sprat (Sprattus sprattus) in the southern Baltic Sea[END_REF]. In fact, the unsuccessful recruitment of cod seen in the Baltic during the 1980s has been suggested to be, at least partially, a result of decreased abundances of Pseudocalanus spp. available for cod larvae [START_REF] Voss | Comparing the feeding habitats of co-occurring sprat (Sprattus sprattus) and cod (Gadus morhua) larvae in the Bornholm Basin, Baltic Sea[END_REF]. Degraded weight-at-age and stock size in herring and degraded weight-at-age in sprat during the late 1980s and early 1990s have also been associated with a shift from a Pseudocalanus-rich diet to a diet consisting of other taxa (e.g. [START_REF] Raid | Recent changes in the growth and feeding of Baltic herring and sprat in the northeastern Baltic Sea[END_REF][START_REF] Möllmann | Population dynamics of calanoid copepods and the implications of their predation by clupeid fish in the Central Baltic Sea[END_REF][START_REF] Rönkkönen | Long-term changes in Baltic herring (Clupea harengus membra) growth in the Gulf of Finland[END_REF]. The reason behind the observed diet shifts is unclear but has been suggested to be a result of both increased competition between zooplanktivorous fish and a salinity-related decline in the Pseudocalanus stock [START_REF] Möllmann | The marine copepod, Pseudocalanus elongatus, as a mediator between climate variability and fisheries in the Central Baltic Sea[END_REF][START_REF] Casini | Inter-annual variation in herring, Clupea harengus, and sprat, Sprattus sprattus, condition in the central Baltic Sea: what gives the tune?[END_REF].

Regardless of the mechanism, these events highlight the importance of Pseudocalanus as prey in the Baltic Sea pelagic ecosystem.

Although this genus is recognized to play a key role in the trophodynamics of the Baltic Sea [START_REF] Rönkkönen | Long-term changes in Baltic herring (Clupea harengus membra) growth in the Gulf of Finland[END_REF][START_REF] Möllmann | Food consumption by clupeids in the central Central Baltic: evidence for top-down control?[END_REF], there are uncertainties regarding the species identity of Pseudocalanus in this area. This uncertainty is particularly evident in the variable use of different species names in publications from the Baltic Sea, including in literature from the same geographic area. The species name P. minutus elongatus has been used frequently in studies in the Gulf of Finland [START_REF] Rönkkönen | Long-term changes in Baltic herring (Clupea harengus membra) growth in the Gulf of Finland[END_REF][START_REF] Ojaveer | Highlights of zooplankton dynamics in Estonian waters (Baltic Sea)[END_REF] and northwestern Baltic proper [START_REF] Ackefors | On the zooplankton fauna at Askö (The Baltic -Sweden)[END_REF][START_REF] Hansson | Selective predation by herring and mysids, and zooplankton community structure in the Baltic Sea coastal area[END_REF], as well as in work from the Gdańsk Deep (Southern Baltic Sea;[START_REF] Dzierzbicka-Glowacka | Seasonal dynamics of Pseudocalanus minutus elongatus and Acartia spp. in the southern Baltic Sea (Gdańsk Deep)numerical simulations[END_REF]. In studies of the region stretching from the Latvian coast to the eastern slope of Gotland Deep, [START_REF] Dippner | Long-term variability of mesozooplankton in the Central Baltic Sea[END_REF] and [START_REF] Möllmann | The marine copepod, Pseudocalanus elongatus, as a mediator between climate variability and fisheries in the Central Baltic Sea[END_REF] used the name P. elongatus. At least two different species names can be found in the recent literature of the Bornholm Basin; P. elongatus [START_REF] Hinrichsen | Biophysical modeling of larval Baltic cod (Gadus morhua) growth and survival[END_REF][START_REF] Möllmann | The marine copepod, Pseudocalanus elongatus, as a mediator between climate variability and fisheries in the Central Baltic Sea[END_REF] and P. acuspes [START_REF] Schulz | Vertical zonation of the zooplankton community in the Central Baltic Sea in relation to hydrographic stratification as revealed by multivariate discriminant function and canonical analysis[END_REF][START_REF] Renz | Life cycle of Pseudocalanus acuspes Giesbrecht (Copepoda, Calanoida) in the central Baltic Sea: II. Reproduction, growth and secondary production[END_REF][START_REF] Peters | Trophodynamics and seasonal cycle of the copepod Pseudocalanus acuspes in the Central Baltic Sea (Bornholm Basin): evidence from lipid composition[END_REF]. Finally, the inclusive term, ), has been used in studies from the Bornholm Basin and Kiel Bay [START_REF] Hansen | Spatio-temporal distribution and production of calanoid copepods in the central Baltic Sea[END_REF][START_REF] Isla | Physiological response of the calanoid copepod Pseudocalanus sp. in the Baltic Sea at different thermal scenarios[END_REF].

The taxonomic confusion seen in the Baltic Sea nomenclature of Pseudocalanus is not unique to this region. This genus has had, as stated by [START_REF] Corkett | The biology of Pseudocalanus[END_REF], "problems with nomenclature and of delimitations of named species pervading in the literature", ever since the first description of a species within this genus (P. minutus, originally named Calanus minutus). The confusion stems, in part, from the difficulty in distinguishing Pseudocalanus species morphologically, due to conservatism in traits commonly used for species identification. In an effort to resolve the confusing nomenclature and taxonomy of Pseudocalanus, [START_REF] Frost | A taxonomy of the marine calanoid copepod genus Pseudocalanus[END_REF] revised the entire taxonomy of this genus. [START_REF] Frost | A taxonomy of the marine calanoid copepod genus Pseudocalanus[END_REF] described seven species worldwide, of which three were new: P. minutus (Krøyer, 1845); P. acuspes (Giesbrecht, 1881); P. elongatus (Boeck, 1865); P. major (Sars, 1900); P. moultoni n.sp.; P. newmani n.sp; and P. mimus n.sp. Three species were described from the north-east Atlantic Ocean and adjacent waters. Pseudocalanus minutus and P. acuspes were reported from the Norwegian Sea region, and P. acuspes and P. elongatus were sampled in the North Sea and in coastal waters around the British Isles. In his samples from the Baltic Sea, based on material sampled in March and June in the Gotland basin and from all seasons in Kiel Bay, only P. acuspes was identified. However, in a subsequent study [START_REF] Bucklin | Molecular systematics and phylogenetic assessment of 34 calanoid copepod species of the Calanidae and Clausocalanidae[END_REF] acknowledged the possibility that other Pseudocalanus species may co-occur with P. acuspes in the Baltic Sea. The taxonomic revisions of [START_REF] Frost | A taxonomy of the marine calanoid copepod genus Pseudocalanus[END_REF] were confirmed with molecular data from allozymes of the GPI (Glucose Phosphate Isomerase) locus [START_REF] Sévigny | Discrimination among and variation within species of Pseudocalanus based on the GPI locus[END_REF], and [START_REF] Bucklin | Molecular systematics and phylogenetic assessment of 34 calanoid copepod species of the Calanidae and Clausocalanidae[END_REF] also found species differences in DNA sequence variation in the mitochondrial locus cytochrome oxidase I (mtCOI) for six Pseudocalanus species (no data reported for P. major).

Currently, the only confirmed Pseudocalanus species found in the Baltic Sea is P. acuspes.

However, all efforts to confirm this were carried out in the southern parts of the Baltic Sea. The Baltic Sea has a dramatic south -north salinity gradient (~20-0 psu; e.g, [START_REF] Fonselius | One hundred years of hydrographic measurements in the Baltic Sea[END_REF], and different zooplankton species are known to dominate in distinct areas along this salinity gradient [START_REF] Ackefors | Djurplankton I Östersjöområdet[END_REF]. Therefore, it is not certain that the Pseudocalanus species found in the northern Baltic proper and Gulf of Finland is the same as that confirmed in the south, although this may well be the case. There may also be seasonal dependency in the species of Pseudocalanus present, as temperature is known to affect the salinity tolerance of this marine genus [START_REF] Ackefors | Zooplankton[END_REF].

In this study, we investigated the species composition, in time and space, of the genus Pseudocalanus in the northern, central, and southern parts of the Baltic proper and in the Gulf of Finland using a Restriction Fragment Length Polymorphism (RFLP) approach. Our goal was to formally confirm the Pseudocalanus species present in these areas and thereby resolve the taxonomic confusion found in the ecological literature of the Baltic Sea.

Method

Zooplankton sampling and preservation -Copepods were sampled at 13 different stations on a total of 22 different occasions (Table 1; Fig 1), stretching from November 2006 until July 2008, in the Baltic proper andGulf of Finland (Table 1, Fig. 1). Copepods were collected from the upper 100 m by vertical hauls. The content of the tows was rinsed into jars with 96 % ethanol (non-denatured) and stored at -20 °C. After 12 -24 h the alcohol was replaced by fresh ethanol and samples were stored at -20 °C until sorting. Adult females and copepodite stage five females of Pseudocalanus spp. were sorted from bulk plankton samples for analysis. In total, 888 individuals were screened using our RFLP protocol (detailed description below) to establish species identity (Table 1).

DNA extraction -DNA was extracted from individual copepods following a lysis buffer protocol [START_REF] Goetze | Cryptic speciation on the high seas: global phylogenetics of the copepod family Eucalanidae[END_REF][START_REF] Lee | Morphological stasis in the Eurytemora affinis species complex (Copepoda: Temoridae)[END_REF]. Briefly, individual specimens were removed from ethanol, blotted dry, and transferred to a 1.5 mL microcentrifuge tube with 40 µl of lysis buffer [10mM Tris pH 8.3, 50 mM KCl, 0.5% Tween 20, 200 ug/ml proteinase K]. The specimen was ground with a pestle, incubated at 65 °C for 1 hour, followed by a 15 minute incubation at 95 °C for denaturation.

DNA extracts were stored at -80 °C when not in use.

Restriction Fragment Length Polymorphism (RFLP) protocol development -We designed an RFLP

protocol to discriminate P. acuspes, P. elongatus, and P. minutus, the three species reported by [START_REF] Frost | A taxonomy of the marine calanoid copepod genus Pseudocalanus[END_REF] to occur in the Northeastern Atlantic and adjacent waters. The mitochondrial gene cytochrome c oxidase subunit I (mtCOI) was selected as the basis for the RFLP protocol, due to the prior availability of mtCOI DNA sequence data for Pseudocalanus species and because mtCOI is known to have sufficient variation for species discrimination in many calanoid copepods (e.g., [START_REF] Bucklin | Distribution and relative abundance of Pseudocalanus moultoni and P. newmani (Copepoda: Calanoida) on Georges Bank using molecular identification of sibling species[END_REF][START_REF] Bucklin | Molecular systematics and phylogenetic assessment of 34 calanoid copepod species of the Calanidae and Clausocalanidae[END_REF][START_REF] Blanco-Bercial | RFLP procedure to discriminate between Clausocalanus Giesbrecht, 1888 (Copepoda, Calanoida) species in the Central Cantabrian Sea[END_REF].

Pseudocalanus mtCOI DNA sequences were retrieved from GenBank for initial RFLP design and testing (Accession numbers: P. acuspes -AF462317, P minutus -AF332794, P. elongatus -AF259669, AY144467, AY604523; [START_REF] Bucklin | Molecular systematics and phylogenetic assessment of 34 calanoid copepod species of the Calanidae and Clausocalanidae[END_REF][START_REF] Unal | Phylogeography of Calanus helgolandicus and the Black Sea copepod Calanus euxinus, with notes on Pseudocalanus elongatus (Copepoda, Calanoida)[END_REF]Felgueroso and Braig, direct submission). Sequences were aligned and examined in Vector NTI software (Invitrogen) to identify recognition sites for commonly-used restriction enzymes. The enzyme HhaI was found to have distinct number and location of recognition sites between P. elongatus, P. minutus, and P. acuspes. Within the Folmer region [START_REF] Folmer | DNA primers for amplification of mitochondrial cytochrome c oxidase subunit I from diverse metazoan invertebrates[END_REF], there were no HhaI recognition sites in P. 5 minutus, and one recognition site each in P. elongatus and P. acuspes (> 184 bp apart). Using this preliminary information, we developed an initial RFLP protocol using universal primers for polymerase chain reaction (PCR) amplification of mtCOI followed by a restriction digest using HhaI. A 702-bp fragment of mtCOI was amplified using primers COI_VH [5' -TAA ACT TCA GGG TGA CCA AAA AAT CA -3'] and L1384 [5' -GGT CAT GTA ATC ATA AAG ATA TTG G -3'] [START_REF] Folmer | DNA primers for amplification of mitochondrial cytochrome c oxidase subunit I from diverse metazoan invertebrates[END_REF][START_REF] Machida | Large-scale gene rearrangements in the mitochondrial genomes of two calanoid copepods Eucalanus bungii and Neocalanus cristatus (Crustacea), with notes on new versatile primers for the crRNA and COI genes[END_REF]. PCR conditions included a 1 min 95 °C initial denaturation step, followed by 40 cycles of 95 °C for 30 sec (denaturation), 42 °C for 30 sec annealing), and 72 °C for 1 min (extension), with a final extension step of 72 °C for 4 min.

Digestion of this 702-bp mtCOI fragment with HhaI resulted in distinct RFLP profiles for our three target Pseudocalanus species; Pseudocalanus acuspes with two fragments (123 and 518 bp), P. elongatus with two fragments (303 and 307 bp), and because P. minutus has no HhaI recognition site, a single band at the initial 702-bp fragment length remained visible on the agarose gel. This initial RFLP protocol was used to screen DNA extracts of Pseudocalanus specimens from the Norwegian, North, and Baltic Seas in order to find material of species P. minutus, P. elongatus, and P. acuspes from our collections. Our goal was to obtain new DNA sequence data for all three species from the region of interest, in order to verify that our RFLP protocol would capture the genetic variation present in Pseudoclanus populations in the regions adjacent to and within the Baltic Sea. A total of 110 individuals were screened from 4 samples, including material from 65.461N/1.030 W (Norwegian Sea), 63.086N/4.585E (Norwegian Sea), 57.42N/7.93E (North Sea), 55.292 N/14.750E (Baltic Sea), and we sequenced 680-690 bp of mtCOI from 20 of these specimens (DNA sequencing methods described below; Genbank accession numbers HM77004 -HM770078). Despite screening 78 specimens from the North and Norwegian Seas, we did not find any P. acuspes outside the Baltic Sea. The North Sea material contained exclusively P. elongatus, and the Norwegian Sea samples contained both P. elongatus and P. minutus. Although this initial RFLP protocol was effective at species identification, it had the disadvantage of requiring low annealing temperatures in the PCR due to the use of 'universal' PCR primers. Therefore, we used elongatus (326 bp and 304 bp), and the original PCR product remains visible as a single 630-bp band in P. minutus (Fig. 2). Amplifications were conducted in 10 µl reactions, using 1.0 µl of genomic DNA as template. PCR conditions began with 30 sec at 95 °C for denaturation, followed by 40 cycles of 30 sec denaturing at 95 °C, 30 sec annealing at 50 °C, and 1 min extension at 72 °C, with a final extension step of 4 min at 72 °C. Invitrogen Taq polymerase was used at manufacturerrecommended concentrations.

A restriction digest using 3 µl of PCR product was completed using the HhaI restriction enzyme at recommended concentrations (with NEBuffer 4; New England Biolabs). The digestion reaction ran for 3 hours at 37 °C, with a final 20 min denaturation step at 65 °C. Results of the restriction digest were visualized on a 1.5% agarose gel, with a 100-bp ladder used to size the RFLP fragments (Invitrogen). Individuals with ambiguous results, including smeared bands or failed digestion reactions, were amplified and digested a second time to confirm initial results. It should be noted that, given the design of our RFLP protocol, failed digestion reactions could be interpreted as P. minutus. Future studies that intend to use this protocol to examine broader areas of the North Atlantic should include a positive digestion control, or digestion of P. minutus PCR products by a second restriction enzyme to confirm identification of this species. Since only P. acuspes was found in our Baltic material this does not affect the results of the present work.

DNA Sequencing -In order to verify the success of our RFLP protocol and check the haplotype diversity of Pseudocalanus sp. in the Baltic Sea, we obtained DNA sequence data from 83 individuals collected at 7 locations in the southern, central and northern Baltic proper and the Gulf of Finland (Table 1). PCR conditions were as described above, but amplifications were conducted in 25 µl reactions. PCR products were cleaned using an ExoSap protocol prior to sequencing. Shrimp alkaline phosphatase (USB, cat no. 70092Z) and exonuclease I (USB, cat no. 70073Z) were used at manufacturer-recommended concentrations, with PCR products incubated at 37 °C for 30 min followed by a 15 min denaturation step at 95 °C. PCR products were sequenced directly using BigDye Terminator cycle sequencing chemistry, with PCR primers used in sequencing reactions.

Both sequence strands were aligned and checked for accuracy in GeneIous (v4.7, Biomatters), and a consensus sequence was generated for each individual. Multiple sequence alignments, including all individuals, were generated in ClustalX [START_REF] Thompson | The Clustal_X windows interface: flexible strategies for multiple sequence alignment aided by quality analysis tools[END_REF].

Results

New sequences obtained from P. minutus, P. elongatus and P. acuspes for primer design were very similar to the existing GenBank sequences, differing by only up to 0.7%. The GenBank P. acuspes sequence differed by only 1 base substitution from our data, with slightly more variation observed in P. elongatus (4 substitutions, 658-bp fragment) and P. minutus (3 substitutions) between our sequences and the haplotypes submitted in prior studies. Having confirmed the accuracy of this prior sequence data, we used our data for primer design of the internal primers PSEUDR and PSEUDF for routine amplification in the restriction fragment length polymorphism (RFLP) protocol.

Using our RFLP approach, we scored 888 Pseudocalanus specimens to species, from material collected throughout the southern, central, and northern Baltic proper regions and the Gulf of Finland (Table 1). All individuals assayed were unambiguously identified to be P. acuspes. Our overall success rate for the method was 96%, with the small number of failed PCRs likely due to poor preservation of specimens or loss of tissue during DNA extraction (922 extracted specimens, 888 successfully scored). In order to confirm the accuracy of our method and the overall result of only a single Pseudocalanus species in the Baltic Sea, we obtained DNA sequence data from 83 specimens collected at 7 sites throughout the Baltic proper and Gulf of Finland. These specimens were chosen to cover all areas of the geographic distribution of our samples, and were collected on a range of dates between 2006 and 2008 (Table 1). Of the 83 individuals sequenced, 82 were of a single haplotype, with the final specimen a singleton that differed by 1 base substitution from the common haplotype (singleton collected in sample G -Gulf of Finland, Table 1). Haplotype diversity (h) for the Baltic Sea was 0.024 [START_REF] Nei | Molecular evolutionary genetics[END_REF][START_REF] Excoffier | Arlequin ver. 3.0: An integrated software package for population genetics data analysis[END_REF], and nucleotide diversity was below 0.00005. The Pseudocalanus acuspes mtCOI nucleotide sequence was translated into protein sequence and no stop codons were observed within the open reading frame.

Similarities to other GenBank Pseudocalanus protein sequences were 99-100%. The amino acid sequence was also highly similar to other calanoid copepods in the database (e.g., >95%; Neocalanus, Ctenocalanus). Finally, given the unexpectedly low level of genetic diversity observed at mtCOI throughout the Baltic Sea, we also obtained DNA sequence from the mt gene 16S rRNA for 16 individuals from 3 samples to verify that low diversity would be observed at other linked mitochondrial loci. Two 16S rRNA haplotypes that differed by a single base were observed in these specimens.

Discussion

Our RFLP results confirm that P. acuspes is the only Pseudocalanus species with a resident population in the Baltic Sea. [START_REF] Frost | A taxonomy of the marine calanoid copepod genus Pseudocalanus[END_REF] found only this species in the southern regions of the Baltic proper in his revision of the genus. This study confirms his initial observations with higher spatial and temporal resolution sampling within the Baltic Sea, including material from the northern Baltic proper and Gulf of Finland. Given seasonal sampling within the Gulf of Finland and the north-western Baltic proper, we consider it very unlikely that other Pseudocalanus species (e.g., P. elongatus) ever occur in this region. However, it is still possible that P. elongatus may be occasionally present in the Southern Baltic Sea following major advective inflow events from the Kattegat into the Baltic Sea. These events, although typical, are fairly infrequent (e.g., [START_REF] Matthäus | Natural variability and human impacts reflected in long-term changes in the Baltic deep water conditions -a brief review[END_REF], but may bring ephemeral P. elongatus expatriates into this temporarily higher salinity region.

Our sampling was not designed to capture these inflow events. [START_REF] Grabbert | Species-specific PCR discrimination of species of the calanoid copepod Pseudocalanus, P. acuspes and P. elongatus, in the Baltic and North Seas[END_REF] recently confirmed that P. elongatus (confirmed genetically) can indeed be found in low numbers in the Southern Baltic (Bornholm basin) after major inflows of cold saline water into the Baltic Sea.

Nevertheless, given our results for the broader Baltic region, we conclude that P. acuspes is the only Pseudocalanus species of ecological significance in the Baltic Sea.

Our DNA sequence results demonstrate extraordinarily low mitochondrial diversity in the Baltic Pseudocalanus acuspes population. Studies on other planktonic copepods, including Pseudocalanus congeners in other ocean regions, typically report the proportion of unique mtCOI haplotypes to be in the range of 0.15-0.78, with haplotype diversities between 0.6-0.98 (with the exception of a few outliers, Table 2A). Nucleotide diversities also often greatly exceed the value reported here for Baltic P. acuspes (<0.00005), up to a maximum of 0.1467 for the circumglobal species Eucalanus hyalinus (Table 2A). This near absence of mtCOI gene diversity in the Baltic P. acuspes population is highly unusual for planktonic copepods, especially given the large population sizes maintained by this species within the Baltic Sea. However, if we compare P. acuspes to other non-planktonic invertebrates, we find that low mitochondrial diversity is a common feature of other species that inhabit the Baltic Sea region (Table 2B). Studies of benthic mysids [START_REF] Remerie | Phylogeography of an estuarine mysid, Neomysis integer (Crustacea, Mysida), along the north-east Atlantic coasts[END_REF][START_REF] Audzijonyte | Phylogeographic analyses of a circumarctic coastal and boreal lacustrine mysid crustacean, and evidence of fast postglacial mtDNA rates[END_REF], molluscs [START_REF] Nikula | Phylogeography of Cerastoderma glaucum (Bivalvia: Cardiidae) across Europe: a major break in the Eastern Mediterranean[END_REF][START_REF] Luttikhuizen | Disjunct distribution of highly diverged mitochondrial lineage clade and population subdivision in a marine bivalve with pelagic larval disersal[END_REF] and amphipods [START_REF] Kelly | Contrasting patterns in genetic diversity following multiple invasions of fresh and brackish waters[END_REF] all report low proportions of unique haplotypes (0.05-0.37) and low haplotype diversities, in some cases with the Baltic Sea samples appearing monotypic in mtCOI composition. The low salinity Baltic Sea is a marginal ecosystem for marine species, such as P. acuspes, and Baltic Sea populations often have reduced genetic diversity relative to Atlantic populations of the same species [START_REF] Johannesson | Life on the margin: genetic isolation and diversity loss in a peripheral marine ecosystem, the Baltic Sea[END_REF]. Mitochondrial markers, including mtCOI, are particularly susceptible to the loss of diversity due to the smaller effective population size of the mitochondrial genome. Prior work on the genetics of Baltic marine species has focused on commercially harvested fish, marine mammals, and benthic invertebrates (e.g., [START_REF] Johannesson | Life on the margin: genetic isolation and diversity loss in a peripheral marine ecosystem, the Baltic Sea[END_REF]. Our results for P. acuspes are some of the first reported for planktonic organisms, and they suggest that planktonic species will be similarly characterized by reduced genetic diversity in Baltic Sea populations, despite large population sizes and very high dispersal capacity. Low genetic diversity, as observed in P. acuspes, may limit the capacity of this species to adapt to altered environmental conditions. Baltic P. acuspes also live under suboptimal conditions for growth and reproduction (at least with respect to salinity: [START_REF] Hessle | Undersökningar över plankton och dess växlingar i Östersjön under åren 1925-1927. Svenska Hydrografisk-biologiska kommisionens skrifter[END_REF][START_REF] Ackefors | Zooplankton[END_REF], which may further limit the ability of this species to track changing environmental conditions. If this results in lower population abundance, such a scenario could have detrimental effects on the trophodynamics of the Baltic pelagic food web, including fish production.

Our results also are broadly congruent with the hypothesis that the Baltic Sea population of P. acuspes is a glacial relict. [START_REF] Peters | Trophodynamics and seasonal cycle of the copepod Pseudocalanus acuspes in the Central Baltic Sea (Bornholm Basin): evidence from lipid composition[END_REF] found that the Baltic population of P. acuspes had a similar life cycle to the Arctic population of the same species and hypothesized that the life cycle and lipid storage strategies of the Baltic population of P. acuspes originates from extant adaptations to high latitudinal habitats. The Baltic P. acuspes population is isolated [START_REF] Bucklin | Molecular systematics and phylogenetic assessment of 34 calanoid copepod species of the Calanidae and Clausocalanidae[END_REF] and is likely a member of the glacial relict fauna of the Baltic Sea [START_REF] Peters | Trophodynamics and seasonal cycle of the copepod Pseudocalanus acuspes in the Central Baltic Sea (Bornholm Basin): evidence from lipid composition[END_REF][START_REF] Grabbert | Species-specific PCR discrimination of species of the calanoid copepod Pseudocalanus, P. acuspes and P. elongatus, in the Baltic and North Seas[END_REF]. Low genetic diversity would be expected in isolated, glacial relict populations, as was observed in P. acuspes in this study.

When studying the geographic distribution of all Pseudocalanus species, [START_REF] Frost | A taxonomy of the marine calanoid copepod genus Pseudocalanus[END_REF] found that two or more species of this genus commonly co-occur. Therefore, due to the difficulty of visually discriminating between Pseudocalanus species, the reported biology and ecology of single species is fairly unreliable in the literature. Nevertheless, significant differences in biology and ecology can be found among co-occurring species (e.g., [START_REF] Mclaren | Life cycles of four species of Pseudocalanus in Nova Scotia[END_REF][START_REF] Mcgillicuddy | Intermingling of two Pseudocalanus species on Georges Bank[END_REF]. In ecosystems containing multiple species of Pseudocalanus, use of genetic methods such as the RFLP protocol described here, will greatly improve our understanding of the ecological significance of individual species. Protocols of this kind are easy to develop, and provide an excellent tool for discriminating between morphologically indistinguishable species. Letters indicate 'Sample ID' listed in Table 1. 
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  our new DNA sequence data to design internal primers PSEUDF [5' -CHT TAT ACT TAA TAG CYG GG -3'] and PSEUDR [5' -CYC CAC CTC CAC CTA CRT CA -3'], for amplification of a 630-bp fragment of mtCOI in all three Pseudocalanus species.Routine Polymerase Chain Reaction (PCR) and RFLP -Routine PCR amplification used the newly-designed primers PSEUDF and PSEUDR (630-bp fragment). The final fragment lengths obtained in the restriction digest were verified using NEBcutter (New England Biolabs). The HhaI digestion results in two fragments for P. acuspes (488 bp and 142 bp), two fragments for P.

  , and the numbers (N) of females (adult and copepodite stage five) screened from each sample using the RFLP protocol and DNA sequencing. Table 2. Literature summary of genetic diversity observed at the mitochondrial gene COI in (A) marine planktonic copepods, and (B) Marine invertebrate species in the Baltic Sea. Listed are: the Taxon and Area of study, Number of individuals sampled (N), Fragment length (bp), Number of haplotypes (H), Number of unique haplotyes (H/N), Haplotype diversity (h), Nucleotide diversity (π, per nucleotide site), and the original reference of each study. N.r. = not reported. Note: Most of the studies reported in B surveyed a larger distribution: we only report results for the Baltic Sea region in this Table.

Fig. 1 .

 1 Fig. 1. Geographic distribution of collecting locations in the Baltic proper and Gulf of Finland.

Fig. 2 .

 2 Fig.2. Illustration of the Restriction Fragment Length Polymorphism (RFLP) approach to species discrimination of Pseudocalanus acuspes, P. minutus, and P. elongatus. Restriction digest of PCR products using the Hha1 enzyme (see methods), visualized on a 2% agarose gel with a 100-bp ladder (Invitrogen Cat. No. 10488-058). The 630-bp fragment visible for P. minutus is the same length as the original PCR product (lanes 1-4), P. elongatus has two fragments 326 and 304 bp in length, which appear as a single, smeared band slightly above 300-bp in length (lanes 5-8), and P. acuspes has two fragments of 488 and 142 bp (lanes 9-12).

  

  

Table and Figure legendsTable 1 .

 1 Collection locations for Pseudocalanus spp. in the Baltic proper and Gulf of Finland
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