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Abstract

Although diverse and abundant, the phylum Bryozoa has been the subject of few studies
in Costa Rica. Nearly 50 years have passed since Banta and Carson identified, described,
and published twenty-four bryozoan species, including scanning electron microscope
(SEM) images. To expand the knowledge of bryozoan diversity in the region, we sam-
pled shallow coastal waters along the northern Pacific coast of Costa Rica and extracted
tissue for DNA barcoding using the mitochondrial COI marker. Photographs of living
specimens and SEM images were taken for morphological identification. We identified
fifteen individuals belonging to nine bryozoan species from the orders Cyclostomatida and
Cheilostomatida. Five of these species represent new records for Costa Rica (Savignyella
lafontii, Bugula neritina, Watersipora arcuata, Smittipora levinseni, and Biflustra tenuis), while
the remaining four (Disporella sp., Parasmittina crosslandi, Cigclisula sp., and Biflustra sp.)
had been previously reported.

Keywords: Cheilostomatida; Cyclostomatida; scanning electron microscope; tropical;
Eastern Pacific

1. Introduction
Bryozoa is a phylum of colonial, encrusting benthic animals [1–3]. The group exhibits a

wide diversity of morphologies and growth strategies, ranging from laminar encrustations
to erect, ramified colonies. Most commonly, bryozoans grow under rocks, on corals, or as
epibionts [1,4–6]. These animals are suspension feeders [6,7] and serve as prey for a variety
of specialized and generalist predators, including nudibranchs, pycnogonids, mollusks,
fish, starfish, and other incidental consumers [6,8]. Most encrusting bryozoans form cal-
careous skeletons using calcium carbonate, making them ecologically and environmentally
important. They can serve as nursery habitats, contribute to carbonate sediment formation,
and act as potential indicator species due to their sensitivity to ocean acidification [1,9].

Because of their benthic lifestyle, bryozoans often compete with other organisms for
space on the substrate. Adnate or encrusting bryozoans are among the fastest and most
aggressive colonizers [10]. Cyclostomatida, a group composed mostly of adnate species, is
one of the fastest to colonize rocky substrates [11]. However, Cheilostomatida tends to be
the most diverse and dominant order on both the Pacific and Caribbean coasts of Central
and South America, with the highest number of species and individuals recorded [3,12–14].

Accurate identification of bryozoan species is important for ecological studies due
to their roles in benthic communities and their potential as fouling organisms [15,16].
Despite this, bryozoans remain understudied, particularly in tropical regions [7]. In Costa
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Rica, there are currently only three major publications focused on the richness of living
bryozoan species, as summarized by Cortés et al. [2]. The first was by Raymond Carroll
Osburn, who analyzed samples collected during the Allan Hancock expeditions in 1932
and 1935, reporting 40 marine species from Isla del Coco and the Pacific mainland of Costa
Rica [17–19]. Later, William C. Banta and Renate J.M. Carson documented 25 species from
both the Pacific and Caribbean coasts and included SEM images in their publication [13]. A
third contribution, a book chapter by Jorge Cortés, Vanessa Nielsen, and Amalia Herrera-
Cubilla, reported 61 bryozoan species for Costa Rica [2]. The most recent study, by Sibaja-
Cordero et al. [20], recorded seven species from the subtidal benthos of Isla del Coco,
including two new records for the island: one species of Membraniporidae and Reptadeonella
tubulifera (Canu & Bassler, 1930).

Current efforts to inventory marine biodiversity on Costa Rica’s northern Pacific
coast include the Área de Conservación Guanacaste (ACG), designated a UNESCO World
Heritage site in 1999. Originally established in the 1980s to document and monitor terrestrial
biodiversity, the ACG later expanded to include marine research through the BioMar-ACG
project, initiated in 2015 [21]. This initiative, led by the CIMAR research center (Centro de
Investigaciones en Ciencias del Mar y Limnología) of the University of Costa Rica, had
reported 1479 species across 22 taxonomic groups by 2020, including nine bryozoan species
previously documented by Osburn [22]. Since Osburn’s work [17–19], no further studies
have focused on bryozoan species richness in this region.

To date, none of the existing publications have used genetic methods for species
identification. Therefore, one of the primary objectives of this study is to initiate the
application of genetic tools to assess bryozoan diversity in the region. Specifically, the
BioMar-ACG project aims to generate data through DNA barcoding (COI markers) to
identify species, particularly those not previously analyzed in the Eastern Tropical Pacific.
In this study, we report COI barcodes for several bryozoan species collected from the
Área de Conservación Guanacaste (ACG) for the first time, along with photographs of live
specimens and SEM images for morphological reference, including microscope images for
each taxon.

2. Materials and Methods
2.1. Study Site

The study was conducted in the Área de Conservación Guanacaste (ACG, Guanacaste
Conservation Area; 10.6 to 11.0◦ N), located on the northern Pacific coast of Costa Rica,
Central America. ACG spans 163,000 hectares in the northern region of Guanacaste Province
and encompasses diverse marine habitats, including sandy beaches, soft bottoms, coral
and rocky reefs, rocky intertidal zones, mangroves, islets, and islands [21,23,24]. The
conservation area stretches from the Guanacaste Volcanic Mountain Range to the marine
zone surrounding the Islas Murciélago archipelago. ACG’s protected land represents
approximately 2% of Costa Rica’s total territory.

The northern Pacific coast is characterized by marked seasonality due to strong annual
upwelling events from December to April. These upwellings lower seawater temperatures,
increase nutrient availability, and decrease water acidity [22,25–28]. For the remainder of
the year, the region experiences warmer marine waters and a rainy season. We collected
samples from shallow waters within the Marine Sector of ACG and from the rocky shore of
Junquillal Bay National Wildlife Refuge, visiting sites in both the Gulf and Bay of Santa
Elena during fieldwork.
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2.2. Live Colonies Processing

We took samples from rocky intertidal zones, reefs, subtidal rock walls, boulders
on sandy bottoms, and the sublittoral zones of islets. At each site, we gathered living
organisms of various morphologies and transported them to a field laboratory. Samples
were stored in buckets containing seawater and aerated using portable air pumps until
processing and preservation in 95% ethanol.

In intertidal zones, we searched tide pools on boulders and rocky substrates for
bryozoan colonies. In shallow waters (<3 m depth), we conducted snorkeling surveys, and
in subtidal zones (4–20 m depth), we performed SCUBA dives. During these dives, we
examined substrates such as shells, pebbles, boulders, rock walls, and macroalgae. Rocks
smaller than 25 cm in diameter were collected whole; for larger rocks, fragments were
extracted using a hammer and chisel. For each site, we recorded the GPS coordinates, site
name, maximum depth, substrate type, and associated fauna.

Underwater photographs of the colonies in situ were taken using a Lumix Panasonic
14 MP camera (Panasonic, Osaka, Japan) in an underwater housing with white light
flash. Back in the field lab, live colonies were sorted morphologically. Close-up images of
zooids were taken using an AmScope SM-4TZ-144A microscope (AmScope, Irvine, CA,
USA) or an OMAX 18 MP camera (OMAX, Kent, WA, USA) with the software ToupLite
(2010–2022, version macOS2.1.19627.20210925, ToupTek Photonics) (Touptek, Hangzhou,
China). Macro photographs of entire colonies were taken with a Canon EOS Rebel SL3
(Canon Inc., Tokyo, Japan).

A fragment of each preserved colony was archived in the Bryozoa collection of the
Museo de Zoología, Universidad de Costa Rica (MZUCR). Another small fragment (3 to
4 zooids) was used for DNA extraction and COI barcoding analysis. A third fragment was
used for scanning electron microscopy (SEM) imaging.

2.3. Scanning Electron Microscope Images

To prepare specimens for SEM analysis, we removed soft tissue and sediment by
soaking colony fragments in a 5% sodium hypochlorite (NaClO) solution for 24 h, refreshing
the solution until bubbling ceased. The fragments were then rinsed five times with distilled
water to eliminate residual bleach [3,29], followed by 5 min of sonication. Samples were
dried in an oven at 40 ◦C for three days.

We followed the protocol described by Breedy & Guzmán [30] for SEM preparation.
Dried fragments were mounted on aluminum stubs using double-sided carbon tape for
optimal conductivity and then coated with a 30–60 nm layer of gold using an EMS 550X
sputter coater (Electron Microscopy Sciences, Hatfield, PA, USA). SEM images were taken
using a Hitachi S-3700n (Hitachi, Tokyo, Japan) and a ZEISS Sigma300VP electron mi-
croscope (ZEISS, Oberkochen, Germany) at the Centro de Investigación en Estructuras
Microscópicas (CIEMic). Morphological identifications were made by comparing our SEM
images with published references containing detailed images of zooidal structures [12,13].

2.4. DNA Tissue Extraction

Tissue was scraped from preserved colony fragments for DNA extraction. Samples
were stored in 95% ethanol in 95-well lysis plates and kept refrigerated until DNA bar-
coding was performed. Amplification targeted the mitochondrial cytochrome c oxidase I
(COI) gene using primers C_LepFolF (5′-ATTCAACCAATCATAAAGATATTGG-3′) and
C_LepFolR (3′-TAAACTTCTGGATGTCCAAAAAATCA-5′), following Folmer et al. [31]
and the protocols of Ivanova et al. [32]. Barcoding analysis was conducted at the Centre for
Biodiversity Genomics, University of Guelph, Canada.
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The resulting nucleotide sequences were aligned using the MUSCLE algorithm (See
Appendix A), and specimens were clustered using the Neighbor-Joining method in the
BOLD system [33]. Sequence identities were confirmed by comparison against the BOLD
Identification Engine [34] and GenBank via BLAST [35] (see Table 1). A Neighbor-Joining
tree based on COI sequences was generated to visualize the genetic similarity among the
bryozoan specimens collected in this study. However, no phylogenetic hypotheses were
proposed based on this tree (See the end of Section 3 for details).

Table 1. Data associated with genetic identifiers. We included codes for collection where specimens
were deposited, and codes for matches with BOLD and Genbank and their respective match per-
centages can be found here. We also mentioned the original species identification given by BOLD
(Nearest Neighbor ID) and the final identification we made. * Final species identifications were based
on morphological characteristics and previous records in the region. Further details on identification
decisions are provided in the Section 4.

Collection
Code Best Match BOLD Overlap

(bp) %Match Best Match
GenBank %Match Nearest Neighbor ID Final Species ID

MZUCR-00068 BOLD:AEI5412 387 87.67 MW284801 82.85 Disporella sp. Disporella sp.
MZUCR-00087 BOLD:AEI5412 397 87.91 MW284801 82.64 Disporella sp. Disporella sp.
MZUCR-00217 BOLD:AEI5412 405 87.91 MW284801 83.21 Disporella sp. Disporella sp.
MZUCR-00048 BOLD:ADQ2487 287 93.92 MW124839 85.75 Membranipora sp. * Biflustra sp.
MZUCR-00052 BOLD:ADQ2487 292 95.43 MW124844 84.68 Membranipora sp. * Biflustra sp.
MZUCR-00090 BOLD:ADQ2487 462 96.12 MW124839 86.42 Membranipora sp. * Biflustra sp.
MZUCR-00177 BOLD:AAI2619 465 82.55 HM425581 83.96 Parasmittina sp. * Parasmittina crosslandi
MZUCR-00227 BOLD:AAI2619 478 84.07 HM425581 84.25 Parasmittina sp. * Parasmittina crosslandi
MZUCR-00233 BOLD:AAI2619 501 84.11 HM425581 83.93 Parasmittina sp. * Parasmittina crosslandi
MZUCR-00085 BOLD:AFE9081 444 81.76 AFU9282 Cigclisula sp. Cigclisula sp.
MZUCR-00080 BOLD:AFE4573 366 84.33 NA Onychocella marioni * Smittipora levinseni
MZUCR-00059 BOLD:AAF4822 523 98.02 DQ417459 98.02 Watersipora arcuata Watersipora arcuata
MZUCR-00179 BOLD:AAD2483 423 93.61 MN064606 93.68 Bugula neritina Bugula neritina
MZUCR-00188 BOLD:ADJ3487 447 99.8 ADJ3487 Savignyella lafontii Savignyella lafontii
MZUCR-00200 BOLD:ACH2215 351 82.66 NA Biflustra tenuis Biflustra tenuis

3. Results
SPECIES DESCRIPTIONS:
Order Cyclostomatida Busk, 1852
Family Lichenoporidae Smitt, 1867
Genus Disporella Gray, 1848
Disporella sp.
Collection data:
MZUCR-00068: Isla David (10.95790◦ N, 85.72384◦ W at 9 m depth). One colony,

3 August 2022. GenBank accession: PV053968. MZUCR-00087: Pitahaya (10.93759◦ N,
85.80171◦ W at 3.5–5.5 m depth). One colony, 29 June 2023. GenBank accession: PV010184.
MZUCR-00217: Playa Pochote (10.94595◦ N, 85.81834◦ W at 8 m depth). One colony, 24
August 2023. GenBank accession: PV010183.

Description:
This colony is adnate, calcified and with a granulated irregularly mounded surface.

Centers of the mounds have irregular brood chambers. When alive, it is a light purple color
(Figure 1A–D), but pigmentation is lost when preserved [36]. Kenozoidal cavities contain
palm-shaped-pinhead spinules (Figure 1F). The openings of the zoecia are subcircular and
vary in different areas of the colony, which grows columns of fused peristomes (Figure 1E)
with four or more autozooids [37].

Habitat: These colonies were found growing on shells and encrusting under rocks in
the subtidal zone.

Distribution: This genus is globally distributed, with species present in tropical regions,
polar regions and all oceans.
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Figure 1. Disporella sp., live colonies of (A) MZUCR-00068, (B) MZUCR-00087, and (C) MZUCR-
00217, and a close up of the colony (D) MZUCR-00217 at lower magnification showing it encrusting
a shell and surrounded by other sessile animals (Vermetidae). SEM images of (E) a fraction of a
representative colony and (F) details of the zoecia where small palm-shaped-pinhead spinules can
be seen.

Order Cheilostomatida Busk, 1852
Family Savignyellidae Levinsen, 1909
Genus Savignyella Levinsen, 1909
Savignyella lafontii (Audouin, 1826)
Collection data:
MZUCR-00188: Casa Verde/Bajo Chaca (10.98235◦ N, 85.70425◦ W, 6 to 4 m depth).

One colony, 7 July 2023. GenBank accession: PV010181.
Description:
This colony belongs to a family of delicate erect bryozoans. They grow in uniserial

chains of club shaped zooids (Figure 2A–D), separated by small joints [38]. Each zooid
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presents a pseudoporous frontal shield covered by a membranous outer layer (Figure 2C),
giving them a porous appearance. The genus Savignyella is characterized for having non-
articulated oral spines (Figure 2C), a suboral avicularium, and an evenly porous ovicell
(Figure 2D).

Habitat: The colony was found growing on Padina spp. algae in shallow waters.
Distribution: The genus is widely distributed in tropical and subtropical zones globally.

In some areas, they are invasive species introduced by vessels.

Figure 2. Savignyella lafontii, (A) live colonies of MZUCR-00188. SEM images taken by Fiorella Vargas
of (B) a single zooid, (C) detail of the orifice with suboral avicularium, and (D) close up of the zooid
showing an ovicell.

Order Cheilostomatida Busk, 1852
Family Bugulidae Gray, 1848
Genus Bugula Oken, 1815
Bugula neritina (Linnaeus, 1758)
Collection data:
MZUCR-00179: Casa Verde/Bajo Chacas (10.98235◦ N, 85.70425◦ W at 6 to 4 m depth).

One colony, 7 July 2023. GenBank accession: PV010190.
Description:
This species is erect and branching, with zooids opening on one side of the branches

(Figure 3A,B). The zooids are lightly calcified, so the colony stays flexible and therefore
thin-walled (Figure 3C,D). Bugula neritina is the type species of the genus, although it does
not present the characteristic traits of its genus such as marginal spines and avicularia
shaped like a bird’s head [38]. This species of bugulid lives in shallow waters and presents
a rich burgundy color that tends to be retained after preservation in ethanol.

Habitat: This colony was found growing on algae in shallow waters (subtidal, 6 to
4 m).
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Distribution: Gulf of Mexico, South Atlantic Ocean, coast of Brazil, North Pacific
Ocean, South Pacific Ocean, Indian Ocean, Arabian Sea, and South Atlantic Ocean.

Figure 3. Bugula neritina, MZUCR-00188 (A,B) live colony. SEM images of (C) zooids with an ovicell
present, and (D) detail of the zoecia.

Order Cheilostomatida Busk, 1852
Family Watersiporidae Vigneaux, 1949
Genus Watersipora Neviani, 1896
Watersipora arcuata Banta, 1969
Collection data:
MZUCR-00059: Junquillal, Guanacaste, (10.97871◦ N, 85.89067◦ W, intertidal). One

colony, 3 August 2022. GenBank accession: PV010188.
Description:
The species of this genus tend to have few to no distinctive features (no avicularium,

oral spines, or ooecia). They form encrusting colonies with black or grey zooids and brick
red borders and red polypides (Figure 4A,B). Autozooids are monomorphic (Figure 4C,D)
and possess a concave border in the operculum (Figure 4E) and its opening [38,39]. Colonies
reported from W. arcuata are usually large (up to 20 cm), unlike the one collected by us (2 to
3 cm).

Habitat: The colony was encrusting under a rock surface in the lower intertidal zone.
Distribution: North Pacific Ocean, South Pacific Ocean, and east coast of Australia.
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Figure 4. Watersipora arcuata, (A) live colony showing red polypide, (B) live colony. SEM images of
(C) multiple monomorphic zoecia, (D) close up of zoecia, (E) detail of the opesia, and (F) pore plates.

Order Cheilostomatida Busk, 1852
Family Smittinidae Levinsen, 1909
Genus Parasmittina Osburn, 1952
Parasmittina crosslandi (Hastings, 1930)
Collection data:
MZUCR-00177: Isla Loros, lado Refugio (11.00261◦ N, 85.74739◦ W at 5 to 13 m depth).

One colony, 7 July 2023. GenBank accession: PV010182. MZUCR-00227 and MZUCR-00233:
Las Gemelas (10.93945◦ N, 85.78556◦ W at 10 m depth). Two colonies, 24 August 2023.
GenBank accession: PV010183 and PV072687, respectively.

Description:
Colonies are adnate and unilaminar, although multilaminar colonies were observed

by Banta & Carson [13]. Zooids are rectangular to pentagonal and follow a pentagonal
array that may be disrupted due to irregularities in the substrate (Figure 5C). The frontal
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wall is thick and transparent (Figure 5A–C), with slight bumps or tubercles. Young zooids
form spines that are lost early, leaving spine bases in the distal side of the orifice in older
zooids. Areolae are present on all zooid edges but the distal side. The orifice is subcircular
with a bordering peristome that is absent distally and forming a pseudosinus proximally.
Adventitious avicularia are varied in size, usually around 70 µm or 200 µm (Figure 5D,E),
with usually one or two per zooid, placed proximolaterally and with pointed mandibles [13].
The ovicells are raised and globose with pores scattered across its surface [37].

Habitat: These colonies were found encrusting under a rock growing on a pebble and
encrusting a dead coral in shallow waters.

Distribution: Eastern Pacific, from the Gulf of California to Colombia.

Figure 5. Parasmittina crosslandi, live colonies of (A) MZUCR-00177, (B) MZUCR-00227, and
(C) MZUCR-00233. SEM images of MZUCR-00177: (D) zoecia with porous ovicell and small adventi-
tious avicularium, (E) zoecia with large adventitious avicularium and ovicell, and (F) septular pores.
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Order Cheilostomatida Busk, 1852
Family Colatooeciidae Winston, 2005
Genus Cigclisula Canu & Bassler, 1927
Cigclisula sp.
Collection data:
MZUCR-00085: Isla David (10.95751◦ N, 87.72021◦ W at 4 m depth). One specimen, 3

August 2022. GenBank accession: PV010193.
Description:
Colonies in this genus are unlaminar; zooids have a bright orange color (Figure 6A,B)

that gets lost when they get preserved. The base of the zooids is hexagonal (Figure 6C). The
walls are thick and opaque with a frontal aperture that is slightly oval. Each zooid presents
pores near the junctures with other zooids. Adventitious avicularia can be present near the
aperture (Figure 6C). Ovicells are prominent, smooth on its lateral sides, and are pierced by
a band of pores (Figure 6C,D) [13,38].

Habitat: The colony was found encrusting on a mollusk shell in shallow waters.
Distribution: Gulf of Mexico, coastline of Australia, Indo-Pacific, and coast of Brazil.

Figure 6. Cigclisula sp., live colony of (A,B) MZUCR-00085. SEM images of a representative specimen,
(C) detail of a few zooids with broken ovicells and small adventitious avicularia, and (D) zooids with
intact porous ovicells visible.

Order Cheilostomatida Busk, 1852
Family Onychocellidae Jullien, 1882
Genus Smittipora Jullien, 1882
Smittipora levinseni (Canu & Bassler, 1917)
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Collection data:
MZUCR-00080: Isla David (10.95751◦ N, 87.72021◦ W at 4 m depth). One colony, 3

August 2022. GenBank accession: PV010191.
Description:
Adnate colony, uni- or multilaminar, light orange with dark brown mandibles

(Figure 7A). Spines and zooidal gymnocysts absent. Autozooids are hexagonal, longer than
wide, and irregularly arranged (Figure 7B). Bell shaped opesia with a straight proximal
edge. Granulated cryptocysts are short and immediately slope downwards (Figure 7D).
Small bumps give it an evenly granular texture with smaller and denser granules closer to
the zoecial boundary. Vicarious avicularia are penta- or hexagonal, distally rounded, with a
key-hole-shaped opesia that is also distally rounded and with serrated margins (Figure 7C).
Mandibular abductor muscles leave two deep notches close to the mural rim. Multiporous
septula on each wall for zooidal communication. Ovicells are inconspicuous; zooids with
ovicells lack cryptocyst [40].

Habitat: The colony was found encrusting under a rock in shallow waters.
Distribution: This species is present in the Atlantic Ocean.

 

Figure 7. Smittipora levinseni, live colony of (A) MZUCR-00080 with detail of heterozooids and
vicarious avicularium. SEM images of (B) heteromorphic zooids, (C) detail of vicarious avicularium
with visible notches indicating mandibular muscle scarring, and (D) pore plates and cryptocyst.

Order Cheilostomatida Busk, 1852
Family Membraniporidae Busk, 1852
Genus Biflustra d’Orbigny, 1852
Biflustra tenuis (Desor, 1848)
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Collection data:
MZUCR-00200: Isla Muñeco (10.97939◦ N, 85.71512◦ W at 4 to 5 m depth). One colony,

7 July 2023. GenBank accession: PV010192.
Description:
Colony is adnate, unilaminar, white to transparent when alive and after preservation

(Figure 8A). Autozooids are monomorph (Figure 8B) [38]. The opesia is oval and occupies
most of the frontal wall. Small denticles protrude from the edge of the opesia on the
proximolateral sides (Figure 8C). Mural rim is elevated, well developed, and crenulated [41].
Frontal wall and mural rim with small tubercles arranged in concentric rows (Figure 8C).

Habitat: The colony was found growing on an empty shell in shallow waters.
Distribution: North Sea, North Atlantic Ocean, Gulf of Mexico, and Pacific coast

of Panama.

 

Figure 8. Biflustra tenuis, live colony of (A) MZUCR-00200. SEM images of (B) monomorph autozooids,
(C) detail of zoecia with spines present on the opesia’s rim, and (D) inside of zooid showing pores.

Order Cheilostomatida Busk, 1852
Family Membraniporidae Busk, 1852
Genus Biflustra d’Orbigny, 1852
Biflustra sp. (Desor, 1848)
Collection data:
MZUCR-00048 and MZUCR-00052: Junquillal, intertidal zone (10.97871◦ N, 85.89067◦ W).

Two colonies, 3 August 2022. GenBank accession: PV010187 and PV010185, respectively.
MZUCR-00090: Pitahaya (10.93759◦ N, 85.80171◦ W at 3.5 to 5.5 m depth). One colony
specimen, 29 June 2023. GenBank accession: PV010189.

Description:
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The genus Biflustra is contained in the family Membraniporidae, where all genera
have simple autozooids with a wide opesia. The three colonies we observed were adnate
and heavily calcified (Figure 9). The zooids were mostly rectangular with a round distal
edge. Frontal wall is coarsely granular, as well as the small cryptocyst that goes downward
almost instantly. Opesia is generally oval, with spinal processes on the rim and heavily
calcified gymnocyst. Ovicells are absent; these colonies tend to develop cyphonautes larvae.
Distal wall with two pore plates containing multiple pores and spinal processes [38].

Habitat: These colonies were found encrusting in intertidal rocks and growing on a
shell in shallow waters.

Distribution: Gulf of Mexico, Sargasso Sea, coast of Brazil, North Sea, Indo-Pacific,
and Eastern Pacific.

Figure 9. Biflustra sp. (A) MZUCR-00048, live colony and (B) SEM detail. (C) MZUCR-00052, live
colony and (D) SEM detail. (E) MZUCR-00090, live colony and (F) SEM detail.
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Three well-supported clusters (bootstrap > 900) were identified, corresponding to
the genera Disporella, Biflustra, and Parasmittina (Figure 10). The sequences of Biflustra
sp. showed closest affinity to Biflustra tenuis. The remaining individual sequences were
genetically distant from each other, supporting their identification as distinct species
(Figure 10; Table 1).

Figure 10. (A) Taxon ID tree obtained from the BOLD engine for COI marker sequence similarity
between the Bryozoa specimens in the present study. Distance 725 model = Jukes Cantor. Alignment =
BOLD. (B) Taxon ID tree generated with the same sequences by Maximum likelihood (ML), including
a Phoronid (accession number MK028621.1) as an external group, to obtain the bootstrap values out
of 1000 iterations.

4. Discussion
We identified nine species of bryozoans in the present study through a combination

of genetic and morphological analyses. Two taxa—Disporella sp. and P. crosslandi—each
formed a distinct cluster with three COI sequences in the genetic tree generated through the
BOLD identification engine (Figure 10A). The match percentages for these sequences in both
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BOLD and BLAST were too low to confidently assign them to any known species (Table 1).
Therefore, we referred to published SEM images to evaluate morphological similarities
with known species. For Disporella sp., comparisons were made with descriptions provided
by Dick et al. [37] and Taylor & Grischenko [36]; and for P. crosslandi, we consulted images
from the Smithsonian Tropical Research Institute [42] and Soule & Soule [43]. This study
presents the first published COI sequences for both Disporella sp. and P. crosslandi.

Although BOLD only confirmed the genus Parasmittina as the best match, we assigned
the specimens to P. crosslandi based on morphological similarities and known distribution.
This species has been previously reported in the Eastern Tropical Pacific and is included in
the records and SEM imagery of the Smithsonian Tropical Research Institute [42], which sup-
ported our classification. Although P. crosslandi was also reported by Banta & Carson [13] in
Playas del Coco, Costa Rica, their SEM images differ notably from our specimens and those
in other reliable sources, suggesting that their material may belong to a different species.

As for Disporella sp., we propose that it may belong to one of several Eastern Pacific
species, such as D. astraea, D. compta, D. densiporoides, D. julesi, D. minima, D. ovoidea, D.
separata, or D. violacea. Osburn [19] documented one species, D. californica, in Santa Elena
Bay (then referred to as Port Parker), but his description lacked sufficient detail, particularly
in terms of zooid morphology and colony size, and did not match our specimens or those
of contemporary researchers. Although our collection sites are geographically close to Os-
burn’s, all located within the ACG, the lack of definitive morphological or genetic evidence
prevents a conclusive identification, and we therefore maintain this taxon as undetermined.

For the three Biflustra sp. specimens, the taxonomic decision was more complex due
to the debated status of the group. While BOLD identified the specimens as belonging
to the genus Membranipora sp., with matches above 90% to a specimen from Los Angeles,
California (Table 1), our morphological analysis aligned them more closely with B. tenuis,
as illustrated by the Smithsonian Tropical Research Institute [42]. This contrasts with the
Membranipora sp. species described in Cook et al. [38]. Notably, Membranipora sp. has a
wide, simple opesia and a small gymnocyst, whereas Biflustra sp. features a smaller opesia
bordered by a granulated, calcified frontal wall and a more developed gymnocyst [38]. All
three specimens shared these latter characteristics (Figure 9), strongly supporting their
assignment to Biflustra sp. Moreover, the public BOLD record for Membranipora sp. lacked
adequate photographic documentation, further undermining that identification. We believe
the Los Angeles specimen was misidentified and is also likely a Biflustra sp. specimen.

One colony matched O. marioni Jullien, 1882, in BOLD, with a low similarity (84.33%)
(Table 1). However, SEM analysis showed strong morphological similarity to S. levinseni,
as described by Fransen [40] and the Smithsonian Tropical Research Institute [42]. Since S.
levinseni had not previously been recorded in the BOLD database, this constitutes a new
entry in the system.

For W. arcuata, B. neritina, and S. lafontii, we accepted the original identifications pro-
vided by BOLD, as these sequences had high match percentages (>90%) and morphological
features consistent with published descriptions [38,39,42]. Cigclisula sp., although matched
at a lower percentage (81.76%), was also retained based on comparison with SEM images
and known distributions.

The documented capacity for dispersion and colonization by W. arcuata in other
regions [44,45] raises the possibility that previously unrecorded species are now established
in Costa Rica. While we cannot confirm an invasion due to the lack of long-term historical
data, it remains plausible that bryozoans from distant regions may reach and colonize
the ACG through various dispersal mechanisms, including biofouling and rafting on
floating debris.
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5. Conclusions
Five of the nine bryozoan species identified in this study represent new records for

Costa Rica: S. lafontii, B. neritina, W. arcuata, S. levinseni, and B. tenuis. These species had
not been previously reported by Osburn [17–19] or Banta & Carson [13]. Within the Área
de Conservación Guanacaste (ACG), we documented seven new records, which include
the five species mentioned above, along with P. crosslandi and Cigclisula sp. Of these, three
species—S. lafontii, P. crosslandi, and S. levinseni—also represent new genetic sequence
entries in public databases. Notably, S. lafontii and S. levinseni are new records for the
Eastern Pacific.

This study aims to reinvigorate the study of bryozoans in Costa Rica and provides a
foundational reference for future research on the phylum. Our documentation includes both
live and SEM images of the specimens, as well as verified records based on morphological
and molecular data. We hope this work encourages continued exploration and more
comprehensive studies of bryozoans in the Eastern Pacific and the Central American region.

Author Contributions: Conceptualization, J.A.S.-C.; methodology, J.A.S.-C. and J.C.; validation,
J.A.S.-C. and J.C.; formal analysis, J.A.S.-C. and B.A.-O.; investigation, B.A.-O. and J.A.S.-C.; resources,
J.A.S.-C. and J.C.; data curation, B.A.-O. and J.A.S.-C.; writing—original draft preparation, B.A.-O.
and J.A.S.-C.; writing—review and editing, J.A.S.-C. and J.C.; visualization, B.A.-O.; supervision,
J.A.S.-C.; project administration, J.A.S.-C. and J.C.; funding acquisition, J.A.S.-C. and J.C. All authors
have read and agreed to the published version of the manuscript.

Funding: Travel expenses for our investigation were covered by Project B9508 “Marine biodiversity
of Guanacaste Conservation Area, Costa Rica” project BioMar-ACG, a cooperative project between
Universidad de Costa Rica (UCR) and the Sistema Nacional de Áreas de Conservación (SINAC)
R-CONV-004-2019. Terrestrial transportation was funded by the Centro de Investigación en Ciencias
del Mar y Limnología (CIMAR). Aquatic transportation, diving activities, and scanning electron
microscopy images were funded by the Guanacaste Dry Forest Conservation Fund. The study is part
of the BioMarACG-project B9508 of Universidad de Costa Rica (UCR). We thank Alejandro Masis and
Roger Blanco for the collection permission from the Ministry of Environment and Energy of Costa Rica
(MINAE): R-SINAC-ACG-PI-026-2020/038-2021/051-2022/045-2023. The access to genetic material
is permitted by resolution-047/CBio-68-2022 of the Comisión Institucional de Biodiversidad (UCR).

Institutional Review Board Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: We thank Frank Joyce for his support on this project. We also want to thank
parataxonomists Yelba Vega and Gilberth Ampié, who collaborated with us and were involved in
the specimen collection in the field and tissue extraction in the field laboratory. Without their efforts
and involvement, this publication would not exist. All specimen collections were carried out by
Beatriz Antillón-Obando, Gilberth Ampié, Yelba Vega, Anna Leal-Quirós, Priscilla Monge, and Jeffrey
Sibaja-Cordero.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Abbreviations
The following abbreviations are used in this manuscript:

SEM Scanning electron microscope
ACG Área de Conservación Guanacaste



Diversity 2025, 17, 451 17 of 23

Appendix A. Sequences Generated
Order Cyclostomatida Busk, 1852
Family Lichenoporidae Smitt, 1867
Genus Disporella Gray, 1848
Disporella sp.
MZUCR-00068, BOLD data BMAR3600-24, BIN: AFW4124
GenBank accession: PV053968
Sequence:
GAATTGAACTTTAGTTCTCCTGGATCTTTTTTAATAAATGATCAATTATATAATAG

GATTGTCACTGGACATGCTATAGTTATAATTTTCATATTTGTTATACCAGTAATAATTGG
AGGTTTCGGAAATTGGCTAATTCCCTTAAAATTAGGAATGCCAGATATGCTTTTCCCT
CGACTTAACAATTTAAGATTCTGACTTTTAATACCATCAATAGCATTATTAGTTTTTTC
CCTAATTGTGGAAGCTGGATGTGGGACAGGGTGAACAATGTATCCTCCCTTATCAGA
TTGTATTGCTCATAGAGGTAAAAGAGTGGATTTAGTTATTTTTTCCCTACATCTTGCA
GGTGCTTCATCTATTTTAAGAAGATTAAATTTTATTTCTACTGTGNTAATTGCCCTATT
AGCTAAAAAATCACCCGATACATTAATACTATTTGTATGGACAATTTTAATTACAGTTA
TTTTACTACTTTTATCCCTTCCTGTACTAGCTGGGGGTATTACAATGTTATTAAGAGAT
CGAAATTTAAACACATCATTTTT

MZUCR-00087, BOLD data BMAR3620-24, BIN: AFW4124
GenBank accession: PV010184
Sequence:
AACTATTTATTTACTATTTGGAGTATGAAGTGGCTTAGTAGGAACATCTATGTCAG

GTTTAATTCGAATTGAACTTAGTTCTCCTGGATCTTTTTTAATAAATGATCAATTATAT
AATAGGATTGTCACTGGACATGCTATAGTTATAATTTTCATATTTGTTATACCAGTAAT
AATTGGAGGTTTCGGAAATTGGTTAATTCCCTTAAAATTAGGAATGCCAGATATGCT
TTTCCCTCGACTTAACAATTTAAGATTCTGACTTTTAATACCATCAATAGCATTATTAG
TTTTTTCCCTAATTGTGGAAGCTGGATGTGGGACAGGGTGAACAATGTATCCTCCCT
TATCAGATTGTATTGCTCATAGAGGTAAAAGAGTGGATTTAGTTATTTTTTCCCTACAT
CTTGCAGGTGCTTCATCTATTTTAAGAAGATTAAATTTTATTTCTACTGTGATAATTGC
CCTATTAGCTAAAAAATCACCCGATACATTAATACTATTTGTATGGACAATTTTAATTA
CAGTTATTTTACTACTTTTATCCCTTCCTGTACTAGCTGGGGGTATTACAATGTTA

MZUCR-00217, BOLD data BMAR3845-24, BIN: AFW4124
Genbank accession: PV010183
Sequence:
TTAATTCGAATTGAACTTAGTTCTCCTGGATCTTTTTTAATAAATGATCAATTATAT

AATAGGATTGTCACTGGACATGCTATAGTTATAATTTTCATATTTGTTATACCAGTAA
TAATTGGAGGTTTCGGAAATTGGTTAATTCCCTTAAAATTAGGAATGCCAGATATGCT
TTTCCCTCGACTTAACAATTTAAGATTCTGACTTTTAATACCATCAATAGCATTATTAG
TTTTTTCCCTAATTGTGGAAGCTGGATGTGGGACAGGGTGAACAATGTATCCTCCCT
TATCAGATTGTATTGCTCATAGAGGTAAAAGAGTGGATTTAGTTATTTTTTCCCTACAT
CTTGCAGGTGCTTCATCTATTTTAAGAAGATTAAATTTTATTTCTACTGTGATAATTGC
CCTATTAGCTAAAAAATCACCCGATACATTAATACTATTTGTATGGACAATTTTAATTA
CAGTTATTTTACTACTTTTATCCCTTCCTGTACTAGCTGGGGGTATTACAATGTTATTAA
GAGATCGAAATTTAAACACAT

Order Cheilostomatida Busk, 1852
Family Savignyellidae Levinsen, 1909
Genus Savignyella Levinsen, 1909
Savignyella lafontii (Audouin, 1826)
MZUCR-00188, BOLD data BMAR3816-24, BIN: ADJ3487
Genbank accession: PV010181



Diversity 2025, 17, 451 18 of 23

Sequence:
AACTATATAATGTAATTGTTACGGCTCATGCTTTCTTAATAATTTTCTTTATAGTAATA

CCTATTATAATTGGAGGATTTGGAAACTGACTAGTACCACTAATACTAGGAGTACCAGATA
TAGCATTCCCTCGACTAAACAACATAAGATTTTGATTACTACCTCCAGCAATCTTTCTGCT
ACTTATATCATCAATAGTAGAAAGAGGAGCAGGAACCGGTTGAACTGTATACCCTCCTTTA
TCATCAAACATTGCGCATAGAGGACCCTCAGTAGACCTAGCCATTTTCTCACTTCATTTAG
CAGGTGTGTCTTCAATTCTAGGAGCTATTAATTTTATAACAACAATTATCAATATACGAAG
AAAGCTAATAACATTCATACGAATTACACTTTTAACTTGAGCAGTATTTATTACAGCAAT
TCTTCTACTTCTCTCACTTCCCGTGCTAGCTGGAGCCATTACTATACTACTAACAGATCGA
AACATTAATTCAT

Order Cheilostomatida Busk, 1852
Family Bugulidae Gray, 1848
Genus Bugula Oken, 1815
Bugula neritina (Linnaeus, 1758)
MZUCR-00179, BOLD data. BMAR3807-24, BIN: MN064606
Genbank accession: PV010190
Sequence:
CGACCAACTATATAATGAAATTGTCACAGCTCATGCATTTTTAATAATTTTTTTTATAG

TAATACCAGTTATAATCGGGGGGTTTGGCAATTGATTGGTTCCATTAATACTGGGGGCCCC
TGATATAGCATTTCCCCGCCTAAACAACATAAGATTTTGGCTTCTTCCCCCGGCATTATTAC
TTTTATTAATATCTTCTTTAGTAGAAAGAGGAGCTGGAACTGGATGGACCGTATACCCCCCC
TTATCATCAGGATTAGGTCACAGAGGAGCAGCCGTAGATCTGGCCATTTTCTCTTTACAC
CTTGCCGGTGTATCTTCAATTTTAGGAGCAATTAACTTTATTACTACAACAATTAATATACG
AAGAAACTCTATAAAAATAATTCAAATCCCTTTATTTATTTGGGCAGTTTTCATTACAGCC
ATTTTGTTGCTTTTAT

Order Cheilostomatida Busk, 1852
Family Watersiporidae Vigneaux, 1949
Genus Watersipora Neviani, 1896
Watersipora arcuata Banta, 1969
MZUCR-00059, BOLD data. BMAR3591-24, BIN: AFW8494
Genbank accession: PV010188
Sequence:
AACATTATATTTTATATTTGGATTATGATCAGCTATAACCGGTAGAGGATTGAGA

ATAGCTATCCGATCGGAATTAGGAAATCCAGGAAGATTAATAGGAAATGACCAAAT
TTACAACGTAGTAGTAACAGCTCACGCATTTTTCATGATTTTTTTTATAGTAATACCA
ATCATAATTGGGGGATTTGGAAACTGGTTAGTTCCTCTTATAATGGGAATCCCAGAT
ATAGCATTCCCACGAATAAATAACATAAGATTTTGATTACTACCACCTGCAGCTATTT
TACTAATAATATCAGCACTAGTAGAAAGAGGTGCAGGGACAGGGTGAACAGTATAC
CCTCCTTTGTCTTCAAACATTTCTCATAGAGGATCATCAGTAGATATAGCAATTTTCG
CTCTTCACTTAGCAGGAGTCTCTTCAATTTTAGGAGCAATTAACTTTATAGTAACAAT
TATTAATATACGAGGAAAAATAATAGCATTCATAAACTTACCATTATTTGTATGAGCCG
TATTCATCACTGCCCTCTTATTATTACTATCTCTCCCAGTTCTAGCAGGGGCTATTACTA
TACTACTAACAGACCGTAATTTTAACTCATCATTCTTTGACCCAGCT

Order Cheilostomatida Busk, 1852
Family Smittinidae Levinsen, 1909
Genus Parasmittina Osburn, 1952
Parasmittina crosslandi (Hastings, 1930)
MZUCR-00177, BOLD data. BMAR3805-24, BIN: AFW0950
Genbank accession: PV010182
Sequence:



Diversity 2025, 17, 451 19 of 23

AGAACTTGGACAGCCTGGGAGACTTATAGGAAATGATCAGCTTTACAATGTTAT
TGTTACAGCCCACGCATTCCTAATAATTTTCTTTATAGTTATGCCTATTATAATCGGAG
GATTTGGGAATTGATTAGTTCCTTTAATATTAGGGGTCCCAGATATAGCTTTCCCACG
ACTAAATAATATAAGATTTTGGTTACTACCCCCTGCTATTATGTTACTACTTATATCATC
GATAGTTGAAAGAGGAGCAGGTACAGGATGGACAGTGTACCCTCCCTTGTCATCCA
ACATCTCCCATAGAGGACCTTCAGTAGATTTAGCAATTTTTTCACTACATCTAGCAGG
AGTCTCCTCTATCTTAGGAGCTATTAATTTCATAACGACAGTAATCAATATACGAAGA
GATAAGATGACCTTTATACATATCACTTTAATAACATGGGCCGTCTTCATTACAGCACT
CTTATTACTACTGTCGTTACCAGTATTAGCTGGTGCTATTACAATATTACTAACTGACC
GTAATATTAATACTT

MZUCR-00227, BOLD data. BMAR3855-24, BIN: AFW0950
Genbank accession: PV010183
Sequence:
TGCACTAATTCGAGTAGAACTTGGACAGCCTGGGAGACTTATAGGAAATGATC

AGCTTTACAATGTTATTGTTACAGCCCACGCATTCCTAATAATTTTCTTTATAGTTATGC
CTATTATAATCGGAGGATTTGGGAATTGATTAGTTCCTTTAATATTAGGGGTCCCAGAT
ATAGCTTTCCCACGACTAAATAATATAAGATTTTGGTTACTACCCCCTGCTATTATATT
ACTACTTATATCATCGATGGTTGAAAGAGGAGCAGGTACAGGATGGACAGTGTACC
CTCCATTGTCATCCAACATCTCCCATAGAGGACCTTCAGTAGATTTAGCAATTTTTT
CACTACATCTAGCAGGAGTCTCCTCTATCTTAGGAGCTATTAATTTCATAACGACAG
TAATCAATATACGAAGAGATAAGATGACCTTTATACATATCACTTTAATAACATGGGC
CGTCTTCATTACAGCACTCTTATTACTACTGTCGTTACCGGTATTAGCTGGTGCTATTA
CAATATTACTAACTGACCGTAATATTAATACTT

MZUCR-00233, BOLD data. BMAR3861-24, BIN: AFW0950
Genbank accession: PV072687
Sequence:
TAAGTGCACTAATTCGAGTAGAACTTGGACAGCCTGGGAGACTTATAGGAAAT

GATCAGCTTTACAATGTTATTGTTACAGCCCACGCATTCCTAATAATTTTCTTTATAGT
TATGCCTATTATAATCGGAGGATTTGGGAATTGATTAGTTCCTTTAATATTAGGGGTCC
CAGATATAGCTTTCCCACGACTAAATAATATAAGATTTTGGTTACTACCCCCTGCTATT
ATATTACTACTTATATCATCGATGGTTGAAAGAGGAGCAGGTACAGGATGGACAGTG
TACCCTCCCTTGTCATCCAACATCTCCCATAGAGGACCTTCAGTAGATTTAGCAATTT
TTTCACTACATCTAGCAGGAGTCTCCTCTATCTTAGGAGCTATTAATTTCATAACGAC
AGTAATCAATATACGAAGAGATAAGATGACCTTTATACATATCACTTTAATAACATGG
GCCGTCTTCATTACAGCACTCTTATTACTACTGTCGTTACCGGTATTAGCTGGTGCTA
TTACAATATTACTAACTGACCGTAATATTAATACTTCCCTTTTTTTGACCCAGCAGGAG
GAGGAGA

Order Cheilostomatida Busk, 1852
Family Colatooeciidae Winston, 2005
Genus Cigclisula Canu & Bassler, 1927
Cigclisula sp.
MZUCR-00085, BOLD data. BMAR3618-24, BIN: AFU9282
Genbank accession: PV010193
Sequence:
TACAACGTAGTAGTAACAGCCCATGCATTCATCATAATTTTTTTTATAGTTATACC

AGTGATAATTGGAGGATTTGGAAACTGATTAGTACCTTTAATGCTAGGAGCACCAGA
CATAGCCTTCCCCCGTCTCAATAATATAAGATTCTGACTACTTCCCCCAGCTATCTTTT
TACTACTCTCTTCATCCCTAGTTGAAAGAGGAGCAGGTACCGGATGAACTGTGTATC
CCCCTTTATCATCTAACATTGCTCATAGAGGTCCTTCAGTAGATCTTGCAATTTTTTCA
CTACATTTAGCTGGTGCATCCTCTATTTTAGGTGCCATCAATTTCATAACCACTACCAC
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AAACATACGACCAAAAATACTAGAAATAATACGAGTACCCCTTTTAGTTTGAGCCAT
CTTTATTACTGCAACTCTTCTTCTACTTTCCCTTCCTGTACTTGCAGGGGCAATCACCA
TACTATTAACAGACCGAAATGTTAATACCTCATTCTTTGACCCAGCAGG

Order Cheilostomatida Busk, 1852
Family Onychocellidae Jullien, 1882
Genus Smittipora Jullien, 1882
Smittipora levinseni (Canu & Bassler, 1917)
MZUCR-00080, BOLD data. BMAR3613-24
Genbank accession: PV010191
Sequence:
TTGATTCCTTTAATATTAGGTGTTCCTGATATAGCTTTTCcTcGtTTGAATAATATAA

GGTTTTGATTATTACCGCCTGCTTTGTCGTTGTTGTTGATGTCTTCTATGGTAGAGAGG
GGTGCGGGTACAGGTTGAACGGTTTATCCTCCTTTGGCTTCTAATTTGGCTCATGGAG
GCTCTTCAGTTGACATGGCTATTTTTTCTTTGCATTTGGCAGGTGCTTCTTCTATTTTAG
GGGCTATTAATTTTATGACTACGGTTATTAATATACGAAGTACTTCTATAGGTATAATA
AAAGTTCCTTTATTTGTTTGAGCGGTTTTTATTACTGCTCTTCTTTTATTGCTTTCTTTAC
CTGTATTGGCTGGTGCTATTACGATGCTTTTAACCGATCGTAACTTAAA

Order Cheilostomatida Busk, 1852
Family Membraniporidae Busk, 1852
Genus Biflustra d’Orbigny, 1852
Biflustra tenuis (Desor, 1848)
MZUCR-00200 BOLD data. BMAR3828-24
Genbank accession: PV010192
Sequence:
CAGGACTAAGTGCCTTAATTCGAGTTGAACTAAGTCAACCAGGAAGGCTATTA

GGAAATGATCAACTGTATAATGTTATCGTGACAAGACACGCTTTCGTGATAATTTTTT
TTATAGTAATACCTGTAATAATTGGGGGGTTTGGAAACTGACTAGTCCCATTAATACTA
GGAATTCCAGATATAGCTTTCCCTCGATTAAATAACATAAGATTTTGACTTTTACCCC
CCGCTCTAACGCTTTTACTTATATCTGCCATAGTAGAGTCTGGAGCAGGAACAGGTT
GAACAGTTTACCCGCCCTTATCTTCTAATATTGCTCATGGAGGGGGANCNNTAGATT
TGGCTATTTTCTCCCTGCATTTAGCTGGTGTTTCCTCTAT

Order Cheilostomatida Busk, 1852
Family Membraniporidae Busk, 1852
Genus Biflustra d’Orbigny, 1852
Biflustra sp. (Desor, 1848)
MZUCR-00048, BOLD data. BMAR3580-24
Genbank accession: PV010187
Sequence:
GGAAACTGATTGGTACCTTTAATATTAGGGGTACCAGACATAGCCTTCCCCCGA

TTAAATAATATAAGATTTTGATTATTACCCCCTGCTCTTTTCTTACTTCTTGCTTCTTCT
ATAACTGAATCTGGTGCAGGCACCGGATGGACTGTATATCCTCCTCTCTCCGCCACT
CATACGGGAGGGGCAGTAGATTTGGCTATTTTCTCTCTACATTTAGCTGGTGTATCAT
CAATTCTAGGTGCTATTAATTTCATTACTACTACTAACAATATGCGTAATAAGATAATA
CAATTTGAACGGATTACCTTATTCTGNTGATCTGTTCTAATTACTGCTATTNTACTATT
ACTGTCCTTACC

MZUCR-00052, BOLD data. BMAR3584-24
Genbank accession: PV010185
Sequence:
TTAGGGGTACCAGACATAGCCTTCCCCCGATTAAATAATATAAGATTTTGATTAT

TACCCCCTGCtctTTTCTTACTTcttGCTTCTTcTATAACTGAATCTGGTGCAGGCACCGGA
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TGGACTGTATATCCTCCTCTCTCCGCCAcTCATACGGGAGGGGCAGTAGATTTGGCTA
TTTTCTCTCTACATTTAGCTGGTGTATCATCAATTCTAGGTGCTATTAATTTCATTACTA
CTACTAACAATATGCGTAATAAGATAATACAATTTGAACGGATTACCTTATTCTGTTG
ATCTGTTCTAATTACTGCTATTCTACTATTACTGTCCTTACCAGTACTAGCAGGAGCTA
TTACCATGCTCTTAACTGATCGAAACTTAAATAC

MZUCR-00090 BOLD data. BMAR3623-24
Genbank accession: PV010189
Sequence:
TAAGACAACCTGGAAGATTTTTAGGGAATGACCAATTATATAATGTAATTGTTA

CCGCCCATGCTTTTGTTATGATTTTCTTCATAGTTATGCCTGTAATAATTGGTGGATTTG
GAAACTGATTGGTACCTTTAATATTAGGGGTACCAGACATGGCCTTCCCCCGATTAA
ATAATATAAGATTTTGATTATTACCCCCTGCTCTTTTCTTACTTCTTGCTTCTTCTATAA
CTGAATctGGTGCAGGCACCGGATGGACTGTATATCCTCCTCTCTCCGCCACTCATAC
GGGAGGGGCAGTAGATTTGGCTATTTTTTCTCTACATTTAGCTGGTGTATCATCAATT
CTAGGTGCTATTAATTTCATTACTACTACTAACAATATGCGTAATAAGATAATACAGTT
TGAACGGATTACCTTATTCTGTTGATCTGTTCTAATTACTGCTATTCTACTATTACTGTC
CTTACCAGTACTAGCAGGAGCTATTACCATGCTTTTAACTGATCGAAACTTAAATAC
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