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Abstract 

We report two new, curious records of freshwater worms collected in the Panama Canal, Panama: the ribbon worm, 
Apatronemertes albimaculosa Wilfert and Gibson, 1974, and the leech, Placobdella parasitica (Say, 1824). Identification of 
these specimens relied on morphological examinations and, more heavily, on molecular barcoding using the mitochondrial 
COI locus. Both phylogenetic and genetic distance analyses were employed to robustly establish the identities of the 
specimens. Whereas the native range of A. albimaculosa is currently unknown, P. parasitica was first described from 
Minnesota, USA and is possibly native to southern Canada and most of the USA. Neither species has previously been 
recorded from Central America. We briefly discuss possible scenarios for the dispersal of both species, and conclude that the 
introduction of P. parasitica into Panamanian waters was likely human-mediated in association with the introduction of its 
turtle host. Insofar as ours is the first record of wild-caught A. albimaculosa worldwide, we do not exclude the possibility of 
Panama being within the native range of the species. However, it is also possible that the species has been transported with 
ballast water into the Panama Canal; a relatively common phenomenon. 
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Introduction 

Linking the Atlantic Ocean to the Pacific Ocean, the 
Panama Canal is a major center for shipping activity, 
and one of the world’s most heavily trafficked aquatic 
throughways (Mason and Rowlands 1938; Carse 
2012). Every year, over 14,000 vessels traverse the 
narrow channel which stretches from Rio Chagres on 
the Caribbean slope in the north to Rio Grande on 
the Pacific slope in the south, effectively crossing the 
Continental Divide (Ruiz et al. 2006). This tremen-
dous movement across the canal, coupled with the 
evacuation and loading of ballast water, has led to 
several cases of biological introductions to the 
Panama Canal, as well as the dispersal of organisms 
between the Atlantic and Pacific Oceans (Hanna 
1966; Aron and Smith 1971; Jones 1972; Wasson et 

al. 2001; Wonham et al. 2001; Smith et al. 2004; 
Cohen 2006; Ruiz et al. 2009; Schlöder et al. 2013). 
For example, the Harris mud crab Rhithropanopeus 
harrisii (Gould, 1841) native to the eastern coastal 
ranges of North America, currently seems to be well-
established throughout several parts of the Panama 
Canal (Roche and Torchin 2007). Parasitic taxa, such 
as the Asian fish tapeworm Schyzocotyle acheilognathi 
(Yamaguti, 1934), have also been inadvertently 
introduced along with their hosts (Choudhury et al. 
2013). 

Nemertea (ribbon worms) is a predominantly 
marine taxon with only 22 out of the 1,280 species 
inhabiting freshwater (Gibson and Moore 1976; 
Kajihara et al. 2008; Sundberg and Gibson 2008; 
Strand and Sundberg 2015). The freshwater species 
Apatronemertes albimaculosa Wilfert and Gibson, 1974 
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(Nemertea: Heteronemertea: Lineidae) was originally 
described from aquarium plants (Vallisneria spiralis 
Linnaeus, 1758) in Düsseldorf, Germany (Wilfert and 
Gibson 1974), and was, by all accounts, artificially 
introduced from an unknown, but likely tropical 
location, together with plant material (Kajihara et al. 
2016). Since then, the species has been reported 
from Austria, Spain, USA, and Japan (Senz 1993; 
Kajihara et al. 2016). In all cases, specimens were 
found in freshwater aquaria, suggesting that this 
species hitchhikes with plant material sold in the 
aquarium trade. Indeed, A. albimaculosa has been 
recorded in association with a wide variety of plants; 
a detailed list of potential carriers can be found in 
Kajihara et al. (2016). As a corollary, a different 
species of freshwater nemertean, Prostoma graecense 
(Böhming, 1892), has also been recorded from 
disjointed locations in Europe, Oceania and North 
America. Its odd distribution is a result of recent, 
accidental introduction by human activities (Lagunas-
Calvo et al. 2018). 

Equally prone to hitchhiking, the freshwater leech 
Placobdella parasitica (Say, 1824) (Annelida: Rhyn-
chobdellida: Glossiphoniidae) is ectoparasitic on a 
wide range of freshwater turtles (Davy et al. 2009). 
The species feeds exclusively on blood from its 
hosts, and its known geographic range stretches from 
southern Canada in the north, to Texas, USA in the 
south (Klemm 1985; Sawyer 1986; Dodd Jr. 1988; 
Davy et al. 2009). According to historical and con-
temporary accounts (Sawyer 1986; Dodd Jr. 1988; 
Brooks et al. 1990; Ryan and Lambert 2005; Davy et 
al. 2009), P. parasitica is chiefly encountered 
attached to its hosts, suggesting that the host may 
limit its dispersal capabilities. Placobdella 
parasitica has been documented from a rather wide 
host range, including Blanding’s turtle Emydoidea 
blandingii (Holbrook, 1838); northern map turtle 
Graptemys geographica (Lesueur, 1817); snapping 
turtle Chelydra serpentina (Linnaeus, 1758); wood 
turtle Glyptemis insculpta (Le Conte, 1830); painted 
turtle Chrysemys picta (Schneider, 1783); spotted 
turtle Clemmys guttata (Schneider, 1792); stinkpot 
Sternotherus odoratus (Lattreille in Sonnini and 
Latreille, 1801); bog turtle Glyptemys muhlenbergii 
(Schoepff, 1801); eastern mud turtle Kinosternon 
subrubrum (Lacépède, 1788); pond slider Trachemys 
scripta (Thunberg in Schoepff, 1792); and spiny 
softshell turtle Apalone spinifera (Lesueur, 1827) 
(Davy et al. 2009 and references therein). 
Furthermore, despite robust collection efforts, 
Placobdella parasitica has never been recorded from 
Mexico or Central America (Cornejo et al. 2015; 
Oceguera-Figueroa and Pacheco-Chaves 2012; Tessler 
et al. 2018). 

In the present study, we report the first records of 
the nemertean Apatronemertes albimaculosa and the 
leech Placobdella parasitica from the vicinity of the 
Panama Canal, and discuss potential circumstances 
leading to their disjointed distributions. 

Material and methods 

Specimen collection and DNA sequencing 

Eleven leech specimens were collected in December 
2015 from the exposed skin of the pond slider 
(Trachemys scripta) in Rio Chagres, Gamboa 
(09º06.96017′N; 79º41.60917′W). Four specimens 
of ribbon worms were collected in June 2017 from 
submerged logs and rocks in a small, unnamed pond 
directly adjacent to Lago Miraflores (Panama Canal) 
(09º00.680′N; 79º35.730′W). The fauna associated 
with the nemerteans included various crustaceans 
(mainly crabs and isopods), freshwater polychaetes, 
insect larvae, and smaller fish. Nemertean specimens 
were photographed prior to preservation and all 
specimens were preserved in 95% EtOH. A small 
portion of the posterior end (= caudal sucker of 
P. parasitica to avoid contamination by the blood 
meal) was cut and used for DNA sequencing. The 
present study targeted a 658 bp region of the 
mitochondrial locus cytochrome c oxidase subunit I 
(COI), commonly used for zoological DNA barcoding 
(see Hebert et al. 2003) and that has been successfully 
applied to the identifications of both leeches and 
nemerteans in previous studies (Lagunas-Calvo et al. 
2018; Kvist et al. 2010). Extraction of DNA was 
carried out using the DNeasy Blood and Tissue Kit 
(Qiagen, Valencia, CA, USA) following the manu-
facturer’s protocol. Sequences for COI were amplified 
for each sample using 25 μl PCR reactions, consisting 
of 16.39 μl ddH20; 2.5 μl buffer; 2.5 μl MgCl2; 1 μl 
of each primer [HCO2198 (5′-TAAACTTCAGGGT 
GACCAAAAAATCA-3′) and LCO1490 (5′-GGTC 
AACAAATCATAAAGATATTGG-3′); Folmer et al. 
1994] at 10 μM concentration; 0.56 μl dNTPs at 
10 mM concentration; 0.05 μl Platinum Taq poly-
merase (Invitrogen, Carlsbad, CA); and 1 μl total 
genomic DNA. PCR products were subsequently 
purified with ExoSAP-IT (Affymetrix, Santa Clara, 
CA) according to the manufacturer’s protocol. Cycle 
sequencing reactions (10 μl total volume) were carried 
out using 0.5 μl each of ABI Big Dye Terminator V 
3.1 and Big Dye 5x Sequencing Buffer (Applied 
Biosystems, Carlsbad, CA); 2 μl primer at 10 μM 
concentration; and 2.5 μl purified PCR product. 
Reaction mixtures were heated to 96 °C for 1 min. 
followed by 30 cycles of 96 °C (10 s), 50 °C (5s) 
and 60 °C (4 min).  The samples were sequenced on 
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Figure 1. Select photos of collected specimens. (a) live habitus of a specimen of Apatronemertes albimaculosa from a pond adjacent to Lago 
Miraflores (Panama Canal), (b) preserved specimen of Apatronemertes albimaculosa from a pond adjacent to Lago Miraflores (Panama 
Canal), (c) dorsal view of preserved specimen of Placobdella parasitica from Rio Chagres, Gamboa, (d) ventral view of preserved specimen 
of Placobdella parasitica from Rio Chagres, Gamboa. Photographs by Alejandro Oceguera-Figueroa. 
 

an ABI PRISM 3730XL DNA Analyzer (Applied 
Biosystems, Carlsbad, CA). All resulting sequences 
were deposited in GenBank (accession numbers 
MH128987–MH128991). Leech specimens were depo-
sited in the Colección Nacional de Helmintos (CNHE: 
10678) at the Universidad Nacional Autónoma de 
México, Mexico and nemerteans were deposited in 
the Colección Nacional de Invertebrados (CNINV: 107) 
at the Universidad Nacional Autónoma de México, 
Mexico. Specimens were collected under permit 
SE/A-61-17 issued by MiAmbiente, Dirección de 
Áreas Protegidas y Vida Silvestre, Panama. 

Morphological and molecular identifications 

Morphological examinations were carried out using 
a Zeiss Discovery V8 (Toronto, Canada) dissecting 
microscope, and provisional identifications were 
affixed to the specimens. Nemerteans were identified 
to order-level, whereas the leeches were identified to 
species-level; see Figure 1 for select photographs of 
the specimens; for detailed morphological accounts 
of A. albimaculosa, see Wilfert and Gibson (1974) 
and Kajihara et al. (2016); and for accounts of 
P. parasitica, see Moser et al. (2013). Provisional 
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identifications were later corroborated and refined 
with the aid of DNA sequences, employing a standard 
BLASTn search approach against the non-redundant 
(nr) database on GenBank. 

Additionally, phylogenetic trees were constructed 
for each taxon in order to provide robust identifi-
cations of the newly collected specimens under a 
tree-based framework. One analysis for each target 
taxon was conducted using a subset of the data from 
de Carle et al. 2017 (for the leech) and Kvist et al. 
2015 (for the nemertean). The datasets were separately 
aligned using the online version of MAFFT ver. 7 
(Katoh and Standley 2013) employing the “auto” 
option and default settings. PartitionFinder ver. 1.1.1 
(Lanfear et al. 2012) was used to estimate the 
optimal partitioning scheme and model of nucleotide 
evolution under the Akaike Information Criterion, 
considering each codon position. Maximum likelihood 
analyses were then performed with RAxML ver. 8 
(Stamatakis 2014) on the CIPRES platform (Miller 
et al. 2010). For the nemertean dataset, analyses used 
a GTR+Γ model of nucleotide evolution for three 
partitions (two of these also included a proportion of 
invariable sites parameter). For the leech dataset, two 
partitions (both following a GTR+Γ model of nucleo-
tide evolution) were suggested by PartitionFinder 
and one of these included a proportion of invariable 
sites. The RAxML runs consisted of 1,000 iterations 
with 25 initial GAMMA rate categories that were 
allowed to fluctuate independently for each partition, 
and final optimization with four GAMMA shape 
categories. Support values for the clades were 
estimated via 100 iterations of the rapid bootstrap 
algorithm using the same settings as above. 

Uncorrected p-distances were calculated in 
PAUP* ver. 4.0b10 (Swofford 2002) applying the 
following settings: function of minimal evolution, 
ignoring gaps for affected pairwise comparisons 
(although no gaps were present in the resulting 
alignments) and equal rates for variable sites. 

Results 

Morphological identifications 

Based on external morphology only (no internal 
morphological analysis was carried out, as these are 
most often not needed for accurate specimen identi-
fications [see Sundberg et al. 2016]), our nemertean 
specimens agree with the description of Apatro-
nemertes albimaculosa. Importantly, live specimens 
showed a bright red coloration, with small flecks of 
white; a bluntly rounded head that is not demarcated 
from the remainder of the body; cephalic grooves 
extending from tip of the head to close to the mouth; 

and a lack of eye-spots, frontal organ and caudal 
cirrus (Figure 1a, b). See Sundberg et al. (2016) for 
an in-depth discussion on the utility of external mor-
phology for the identification of nemertean species. 

The newly collected specimens of Placobdella 
parasitica are compatible with the original description 
(Say 1824), as well as the redescription (Moser et al. 
2013) of the species. In particular, our specimens 
display a smooth (unpapillated) dorsum with a yellow 
medial line, and 8–12 darker, sometimes blue, 
anteroposterior lines on its venter (Figure 1 c, d). 

Molecular identifications 

DNA from three ribbon worm specimens and two 
leech specimens was successfully sequenced. The 
final alignments each consisted of 658 aligned sites 
for 54 (Nemertea) and 37 (Hirudinea) terminals. 
Initial BLASTn searches suggested that the ribbon 
worms belong to the species Apatronemertes albi-
maculosa (e-values = 0; identity scores 98%–99%), 
and that the leeches belong to Placobdella parasitica 
(e-values = 0; identity scores 99%). The resulting 
phylogenetic hypotheses corroborate these identi-
fications (Figures 2 and 3), as both taxa nest within 
highly supported clusters of conspecific individuals 
with short branch lengths. Average uncorrected  
p-distances between our specimens of Apatronemertes 
albimaculosa and that of the only other nominal 
specimen deposited in GenBank, which was collected 
in Japan (accession number LC095809; Kajihara et 
al. [2016]), is 0.06% ± 0.009. The same distance 
measure for the specimens of Placobdella parasitica, 
when compared to specimens from a variety of 
North American localities is 1.62% ± 0.27; when 
compared only to specimens collected at the type 
locality of the species (see Moser et al. 2013), the 
same value is 1.53% ± 0.08. It is worth noting that 
relatively high levels of genetic diversity seem to be 
common in P. parasitica: sequences for this species 
deposited in GenBank show a maximum pairwise 
COI distance of 2.04%. Notwithstanding this genetic 
disparity, specimens of Placobdella parasitica are 
easily identified using unequivocal morphological 
characters. 

Discussion 

One nemertean species, Apatronemertes albimaculosa, 
and one hirudinean species, Placobdella parasitica, 
are recorded for the first time from the Panama 
Canal, Panama. The nemertean species has hitherto 
only been recorded in conjunction with plant 
material related to the aquarium trade in Europe, 
Japan, and USA.  Our new records represent the first 
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Figure 2. Maximum likelihood tree (lnL = -11845.231952) resulting from the analysis of the nemertean COI dataset. Maximum likelihood 
bootstrap values above 50% are shown above each node, newly sequenced taxa are shown in bold font and the target taxa are highlighted by 
a grey background. GenBank accession numbers are noted before each taxon name. 
 

case of wild-caught specimens, possibly suggesting 
that the species is native to the area surrounding the 
Panama Canal. The freshwater biota of the Panamanian 
Isthmus is known to be heavily influenced by marine 
ecosystems (Hildebrand 1939; Menzies 1968; San 
Martín et al. 1998; Ruiz et al. 2006; Galil et al. 
2008), such that several species from predominantly 
marine taxonomic groups seem to be able to persist 
in freshwater habitats of Panama. The presence of 
A. albimaculosa in this freshwater canal may represent 
another example of this phenomenon. To further 
support this hypothesis, Wilfert and Gibson (1974) 
and Kajihara et al. (2016) suggest a tropical origin 

for the plant material with which A. albimaculosa 
has historically been associated. The plant genus 
Vallisneria, for instance, is hypothesized to be very 
widespread (Good 1964; Les et al. 2003) and, whereas 
its native range has yet to be established (Les et al. 
2008), it does occur in the neotropics of Central 
America (e.g. Les et al. 2008; Balciunas and Center 
1981). Alternatively, because of the sheer number of 
vessels that move through the Panama Canal – and, 
by extension, the high volume of ballast water and 
elevated potential for hull fouling, it is possible that 
the species was introduced to Panamanian waters 
from a different locality. There are already numerous 
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Figure 3. Maximum likelihood tree (lnL = -5950.074003) resulting from the analysis of the hirudinean COI dataset. Maximum likelihood 
bootstrap values above 50% are shown above each node, newly sequenced taxa are shown in bold font and the target taxa are highlighted by 
a grey background. GenBank accession numbers are noted before each taxon name (note that GenBank numbers beginning with KF0588 
represent specimens collected at the type locality [see Moser et al. 2013]). 
 

accounts of non-endemics in the Panama Canal (e.g. 
Cohen 2006), and this species could potentially be 
added to the ever-growing list. The reproductive 
cycle of Apatronemertes albimaculosa certainly faci-
litates dispersal: the species lays eggs in a mucous 
sheet that is then attached to plant material (Wilfert 
and Gibson 1974), which may be sold in the aquarium 
trade or be taken up as ballast. It is unclear how 
resilient the eggs are to changes in external conditions 
(pollution, temperature, pH) that would inevitably 
arise from the invasion of new areas, but the adult 
worms seem to be rather susceptible to changes in 
temperature: exposure to temperatures below 10 °C 
is fatal (Kajihara et al. 2016). Based on our current 
knowledge of the species, it is impossible to establish 
the direction of introduction, yet its presence in dispa-
rate areas is clearly a byproduct of human activity. 

The presence of Placobdella parasitica in Panama 
is less ambiguous. Given the species’ abundance in 
North American ponds and lakes, and its absence 
south of the USA, our new record likely represents 
an introductory event (see Cornejo et al. 2015 for an 
account of current knowledge of Panamanian leeches). 
The turtle host, Trachemys scripta, was introduced 
to Panama, likely through the pet trade (Moll and 
Legler 1971). Both species occur throughout large 
parts of North America: P. parasitica occurs from 
the southernmost areas of Canada – between New 
Brunswick and Saskatchewan – as far south as Texas, 
USA, and is abundant throughout its range (Dodd Jr. 
1988; Donaldson and Echternacht 2005; Davy et al. 
2009); while T. scripta is distributed between 
southern Virginia and Florida, resulting in an expansive 
geographic overlap between host and parasite. In 
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both adult and juvenile stages, Placobdella parasitica 
is a more-or-less stationary ectoparasite, presumably 
only detaching from its hosts to reproduce. After 
mating, Glossiphoniid leeches show a high degree of 
parental care, brooding their eggs on their venters 
until the juveniles hatch, and are delivered to their 
first blood meal (Siddall et al. 2005). It is therefore 
difficult to envision a scenario in which the eggs of 
P. parasitica would be inadvertently taken up as 
ballast, and it seems even less likely that a 
parasitized turtle would persist in a ballast tank for 
extended periods, much less survive transportation 
through the filtering systems that mitigate ballast water 
intake. Equally improbable is the notion that the 
leeches would be transported attached to the hull of a 
vessel, as this species cannot tolerate long periods of 
exposure to salt water. We therefore hypothesize that 
Placobdella parasitica was inadvertently introduced 
via the pet trade along with its turtle host. It seems 
clear that the geographic distribution of this particular 
leech is underlain by intricacies and serendipity. 

Acknowledgements 

We thank Carlos Nieto from the Colección Zoológica Dr. 
Eustorgio Méndez for allowing us to access deposited material. 
We also thank Sergio Bermudez from ICGES for collecting the 
specimens of Placobdella parasitica, Edgar Pérez and Jaime 
Aguilar for providing fieldwork support and El Ministerio de 
Ambiente de Panamá for facilitating and providing collection 
permits (SE/A-61-17) during the field trip. A.C. thanks PAPIIT 
(grant # IA204114) for funding and S.K. was funded by a NSERC 
discovery grant, a Peer Review grant from the Royal Ontario Museum 
and a stipend from Olle Engkvist Byggmästare Foundation. 
Andrew David and two anonymous reviewers provided helpful 
feedback that benefitted the manuscript. 

References 

Aron WI, Smith SH (1971) Ship canals and aquatic ecosystems. 
Science 174: 13–20, https://doi.org/10.1126/science.174.4004.13 

Balciunas JK, Center TD (1981) Preliminary host specificity tests of 
a Panamanian Parapoynx 1 as a potential biological control 
agent for Hydrilla 2. Environmental Entomology 10: 462–467, 
https://doi.org/10.1093/ee/10.4.462 

Brooks RJ, Galbraith DA, Layfield JA (1990) Occurrence of 
Placobdella parasitica (Hirudinea) on snapping turtles, Chelydra 
serpentina, in southeastern Ontario. Journal of Parasitology 76: 
190–195, https://doi.org/10.2307/3283014 

Carse A (2012) Nature as infrastructure: making and managing the 
Panama Canal watershed. Social Studies of Science 42: 539–
563, https://doi.org/10.1177/0306312712440166 

Choudhury A, Zheng S, Pérez-Ponce de León G, Martínez-Aquino 
A, Brosseau C, Gale E (2013) The invasive Asian fish 
tapeworm, Bothriocephalus acheilognathi Yamaguti, 1934, in 
the Chagres River/Panama Canal drainage, Panama. BioInvasions 
Record 2: 99–104, https://doi.org/10.3391/bir.2013.2.2.02 

Cohen AN (2006) Chapter III - Species Introductions and the 
Panama Canal. In: Gollasch S, Galil BS, Cohen AN (eds), 
Bridging Divides - Maritime Canals as Invasion Corridors. 
Monographiae Biologicae, vol. 83. Springer, Berlin Heidelberg, 
New York, USA, pp 127–206 

Cornejo A, Oceguera-Figueroa A, Vega JAB (2015) Sanguijuelas (Anne-
lida: Clitellata) de agua dulce de Panamá: comparación con la 
riqueza de especies de Centro América. Puente Biológico 7: 1–13 

Davy CM, Shim KC, Coombes SM (2009) Leech (Annelida: 
Hirudinea) infestations on Canadian turtles, including the first 
Canadian record of Helobdella modesta from freshwater turtles. 
The Canadian Field-Naturalist 123: 44–47, https://doi.org/10.22621/ 
cfn.v123i1.673 

de Carle D, Oceguera-Figueroa A, Tessler M, Siddall ME, Kvist S 
(2017) Phylogenetic analysis of Placobdella (Hirudinea: 
Rhynchobdellida: Glossiphoniidae) with consideration of COI 
variation. Molecular Phylogenetics and Evolution 114: 234–248, 
https://doi.org/10.1016/j.ympev.2017.06.017 

Dodd Jr. CK (1988) Patterns of distribution and seasonal use of the 
turtle Sternotherus depressus by the leech Placobdella parasitica. 
Journal of Herpetology 22: 74–81, https://doi.org/10.2307/1564358 

Donaldson BM, Echternacht AC (2005) Aquatic habitat use relative 
to home range and seasonal movement of eastern box turtles 
(Terrapene carolina carolina: Emydidae) in eastern Tennessee. 
Journal of Herpetology 39: 278–284, https://doi.org/10.1670/0022-
1511(2005)039[0278:AHURTH]2.0.CO;2 

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek RC (1994) DNA 
primers for amplification of mitochondrial cytochrome c oxidase 
subunit I from diverse metazoan invertebrates. Molecular 
Marine Biology and Biotechnology 3: 294–299 

Galil BS, Nehring S, Panov V (2008) Waterways as invasion highways 
– Impact of climate change and globalization. In: Nentwig W 
(ed), Biological Invasions. Springer Berlin, Heidelberg, Germany, 
pp 59–74 

Gibson R, Moore J (1976) Freshwater nemerteans. Zoological 
Journal of the Linnean Society 58: 177–218, https://doi.org/10. 
1111/j.1096-3642.1976.tb00828.x 

Good R (1964) The geography of the flowering plants. 3d edn. 
Wiley, New York, USA, 518 pp 

Hanna GD (1966) Introduced mollusks of the western North America. 
Occasional Papers of the California Academy of Sciences 48: 1–
108 

Hebert PD, Cywinska A, Ball SL, deWaard JR (2003) Biological 
identifications through DNA barcodes. Proceedings of the Royal 
Society of London B: Biological Sciences 270: 313–321, 
https://doi.org/10.1098/rspb.2002.2218 

Hildebrand SF (1939) The Panama Canal as a passageway for fishes, 
with lists and remarks on the fishes and invertebrates. Zoologica 
24: 15–45 

Jones ML (1972) The Panamic biota: some observations prior to a 
sea-level canal. Bulletin of the Biological Society of Washington 
2: 1–270 

Kajihara H, Chernyshev AV, Sun SC, Sundberg P, Crandall FB 
(2008) Checklist of nemertean genera and species published 
between 1995 and 2007. Species Diversity 13: 245–274, 
https://doi.org/10.12782/specdiv.13.245 

Kajihara H, Takibata M, Grygier MJ (2016) Occurrence and molecular 
barcode of the freshwater heteronemertean Apatronemertes 
albimaculosa (Nemertea: Pilidiophora) from Japan. Species 
Diversity 21: 105–110, https://doi.org/10.12782/sd.21.2.105 

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment 
software version 7: improvements in performance and usability. 
Molecular Biology and Evolution 30: 772–780, https://doi.org/ 
10.1093/molbev/mst010 

Klemm DJ (1985) A guide to the freshwater Annelida (Polychaeta, 
Naidid and Tubificid Oligochaeta, and Hirudinea) of North 
America. Kendall/Hunt Publishing Co, Dubuque, Iowa, pp 1–
198 

Kvist S, Chernyshev AV, Giribet G (2015) Phylogeny of Nemertea 
with special interest in the placement of diversity from Far East 
Russia and northeast Asia. Hydrobiologia 760: 105–119, 
https://doi.org/10.1007/s10750-015-2310-5 

Kvist S, Oceguera-Figueroa A, Siddall ME, Erséus C (2010) Barcoding, 
types and the Hirudo files: using information content to critically 

https://doi.org/10.22621/cfn.v123i1.673
https://doi.org/10.1670/0022-1511(2005)039[0278:AHURTH]2.0.CO;2
https://doi.org/10.1111/j.1096-3642.1976.tb00828.x
https://doi.org/10.1093/molbev/mst010


S. Kvist et al. 

244 

evaluate the identity of DNA barcodes. Mitochondrial DNA 21: 
198–205, https://doi.org/10.3109/19401736.2010.529905 

Lagunas-Calvo O, Hernández-Mena DI, Rivas G, Contreras-Mirón S, 
Mendoza-Garfias B, Echeverría-Martínez OM, Oceguera-
Figueroa A (2018) Rediscovery of the nemertean Prostoma 
graecense from Xochimilco, 75 years after its first and only 
record. Revista Mexicana de Biodiversidad 89: 39–45, 
https://doi.org/10.22201/ib.20078706e.2018.1.2094 

Lanfear R, Calcott B, Ho SY, Guindon S (2012) PartitionFinder: 
combined selection of partitioning schemes and substitution 
models for phylogenetic analyses. Molecular Biology and 
Evolution 29: 1695–1701, https://doi.org/10.1093/molbev/mss020 

Les DH, Crawford DJ, Kimball RT, Moody ML, Landolt E (2003) 
Biogeography of discontinuously distributed hydrophytes: a 
molecular appraisal of intercontinental disjunctions. International 
Journal of Plant Sciences 164: 917–932, https://doi.org/10.1086/378650 

Les DH, Jacobs SW, Tippery NP, Chen L, Moody ML, Wilstermann-
Hildebrand M (2008) Systematics of Vallisneria (Hydrochari-
taceae). Systematic Botany 33: 49–65, https://doi.org/10.1600/03636 
4408783887483 

Mason CY, Rowlands A (1938) Panama Canal Traffic. Economic 
Geography 14: 325–337, https://doi.org/10.2307/141526 

Menzies RJ (1968) Transport of marine life between oceans through 
the Panama Canal. Nature 220: 802–803, https://doi.org/10.1038/ 
220802a0 

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES 
Science Gateway for inference of large phylogenetic trees. In: 
Gateway Computing Environments Workshop (GCE). IEEE,  
pp 1–8, https://doi.org/10.1109/GCE.2010.5676129 

Moll EO, Legler JM (1971) The life history of a Neotropical slider 
turtle, Pseudemys scripta (Schoepff), in Panama. Bulletin 11. 
Los Angeles County Museum of Natural History, Los Angeles, 
pp 1–102 

Moser WE, Richardson DJ, Hammond CI, Lazo-Wasem EA (2013) 
Redescription of Placobdella parasitica (Say, 1824) Moore, 1901 
(Hirudinida: Glossiphoniidae). Bulletin of the Peabody Museum 
of Natural History 54: 255–262, https://doi.org/10.3374/014.054.0203 

Oceguera-Figueroa A, Pacheco-Chaves B (2012) Registros de 
sanguijuelas de Costa Rica y clave para la identificación de las 
especies con redescripción de Cylicobdella costaricae. Revista 
Mexicana de Biodiversidad 83: 946–957, https://doi.org/10.7550/ 
rmb.31623 

Roche DG, Torchin ME (2007) Established population of the North 
American Harris mud crab, Rhithropanopeus harrisii (Gould 
1841) (Crustacea: Brachyura: Xanthidae) in the Panama Canal. 
Aquatic Invasions 2: 155–161, https://doi.org/10.3391/ai.2007.2.3.1 

Ruiz GM, Lorda J, Arnwine A, Lion K (2006) Chapter II Shipping 
patterns associated with the Panama Canal: effects on biotic 
exchange? In: Gollasch S, Galil BS, Cohen AN (eds), Bridging 
Divides - Maritime Canals as Invasion Corridors. Monographiae 
Biologicae, vol. 83. Springer, Berlin Heidelberg New York, 
pp 113–126, https://doi.org/10.1007/978-1-4020-5047-3_4 

Ruiz GM, Torchin ME, Grant K (2009) Using the Panama Canal to 
test predictions about tropical marine invasions. Smithsonian 
Contributions to the Marine Sciences 38: 291–300 

Ryan TJ, Lambert A (2005) Prevalence and colonization of 
Placobdella on two species of freshwater turtles (Graptemys 
geographica and Sternotherus odoratus). Journal of Herpetology 
39: 284–287, https://doi.org/10.1670/180-04N 

San Martín G, López E, Camacho AI (1998) First record of a 
freshwater Pisionidae (Polychaeta): description of a new species 
from Panama with a key to the species of Pisione. Journal of 
Natural History 32: 1115–1127, https://doi.org/10.1080/0022293980 
0770561 

Sawyer RT (1986) Leech biology and behaviour. New York: Oxford 
University Press, pp 419–793 

Say T (1824) D. Class Vermes. Order Cryptobranchia. Hirudo. In: 
W.H. Keating, Ed. Narrative of an expedition to the source of St. 
Peter’s River, Lake Winnepeek, Lake of the Woods, performed 
in the year 1823, by order of the Hon. J. C. Calhoun, Secretary 
of War, under the command of Stephen H. Long, Major 
U.S.T.E.: Compiled from the notes of Major Long, Messrs. Say, 
Keating and Colhoun. Volume 2. Philadelphia: H.C. Carey and 
I. Lea, pp 266–268 

Schlöder C, Canning-Clode J, Saltonstall K, Strong EE, Ruiz GM, 
Torchin ME (2013) The Pacific bivalve Anomia peruviana in 
the Atlantic: a recent invasion across the Panama Canal? Aquatic 
Invasions 8: 443–448, https://doi.org/10.3391/ai.2013.8.4.08 

Senz W (1993) Nemertinen europäischer Küstenbereiche (nebst 
ergänzenden Angaben zur Anatomie von Apatronemertes 
albimaculosa Wilfert & Gibson, 1974). Annalen des Natur-
historischen Museums in Wien, Serie B für Botanik und Zoologie 
94/95: 47–145 

Siddall ME, Budinoff RB, Borda E (2005) Phylogenetic evaluation 
of systematics and biogeography of the leech family 
Glossiphoniidae. Invertebrate Systematics 19: 105–112, 
https://doi.org/10.1071/IS04034 

Smith SA, Bell G, Bermingham E (2004) Cross-Cordillera exchange 
mediated by the Panama Canal increased the species richness of 
local freshwater fish assemblages. Proceedings of the Royal 
Society of London B: Biological Sciences 271: 1889–1896, 
https://doi.org/10.1098/rspb.2004.2796 

Stamatakis A (2014) RAxML version 8: a tool for phylogenetic 
analysis and post-analysis of large phylogenies. Bioinformatics 
30: 1312–1313, https://doi.org/10.1093/bioinformatics/btu033 

Strand M, Sundberg P (2015) Phylum Nemertea. In: Thorp JH, 
Rogers DC (eds), Freshwater Invertebrates: Ecology and 
General Biology, Fourth Edition. Academic Press, London, 
U.K., pp 205–209, https://doi.org/10.1016/B978-0-12-385026-3.00011-5 

Sundberg P, Gibson R (2008) Global diversity of nemerteans 
(Nemertea) in freshwater. Hydrobiologia 595: 61–66, https://doi. 
org/10.1007/s10750-007-9004-6 

Sundberg P, Andrade S, Bartolomaeus T, Beckers P, von Döhren J, 
Krämer D, Gibson R, Giribet G, Herrera‐Bachiller A, Junoy J, 
Kajihara H, Kvist S, Kånneby T, Sun S-C, Thiel M, Turbeville 
JM, Strand M (2016) The future of nemertean taxonomy 
(phylum Nemertea) — a proposal. Zoologica Scripta 45: 579–
582, https://doi.org/10.1111/zsc.12182 

Swofford DL (2002) PAUP* version 4.0 b10. Sinauer, Sunderland, MA 
Tessler M, Siddall M, Oceguera-Figueroa A (2018) Leeches from 

Chiapas, Mexico, with a new species of Erpobdella (Hirudinida, 
Erpobdellidae). American Museum Novitates 3895: 1–15, 
https://doi.org/10.1206/3895.1 

Wasson K, Zabin C, Bedinger L, Diaz MC, Pearse JS (2001) Bio-
logical invasions of estuaries without international shipping: the 
importance of intraregional transport. Biological Conservation 
102: 143–153, https://doi.org/10.1016/S0006-3207(01)00098-2 

Wilfert M, Gibson R (1974) A new genus of hermaphroditic 
freshwater heteronemertean (Nemertinea). Zoomorphology 79: 
87–112, https://doi.org/10.1007/BF00298777 

Wonham MJ, Walton WC, Ruiz GM, Frese AM, Galil B (2001) 
Going to the source: role of the invasion pathway in determining 
potential invaders. Marine Ecology Progress Series 215: 1–12, 
https://doi.org/10.3354/meps215001 

 
 
 

 

https://doi.org/10.1600/036364408783887483
https://doi.org/10.1038/220802a0
https://doi.org/10.7550/rmb.31623
https://doi.org/10.1080/00222939800770561
https://doi.org/10.1007/s10750-007-9004-6
https://doi.org/10.1016/S0006-3207(01)00098-2


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




