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Abstract: Compound styelid ascidians are distributed in all marine environments and usually exhibit
high morphological plasticity and complexity. In particular, Botrylloides, Botryllus, and Symplegma
species show high morphological variations leading to confusion in traditional taxonomy assignments
and to ambiguity in species delineation. Fewer than 20 species in these genera are registered in
the Atlantic region. Here we surveyed the coral reefs of the southern Gulf of Mexico and Mexican
Caribbean Sea, barcoded a total of 110 samples collected in seven reefs in 24 sites using mitochondrial
cytochrome c oxidase subunit I (or 1), as well as performed a detailed morphological study. Species
delimitation analyses of barcoding sequencing revealed twelve botryllid species and three Symplegma
species. Two of the botryllid species were identified as Botrylloides niger and Botryllus humilis; the latter
is the first record for the Gulf of México. The remaining 10 botryllid species and the two Symplegma
species are not currently described in the literature and have no close matches in GenBank. One of
the Symplegma samples could not be identified as an existing species and current characters do not
support the description of a new species. Here we describe twelve new species, seven in Botryllus:
B. bonanzus sp. nov, B. camur sp. nov., B. hartensis sp. nov., B. lambertorum sp. nov., B. nortensis sp.
nov., B. tunnelli sp. nov., and B. unamensis sp. nov., three in Botrylloides: B. alacranensis sp. nov.,
B. ampullarius sp. nov., B. catalitinae sp. nov., and two in Symplegma: S. papillata sp. nov., and S.
sisalensis sp. nov. We also present a tabular identification key of Botryllus, Botrylloides and Symplegma
Atlantic species.

Keywords: ascidians; colonial species; biodiversity; cryptic fauna; Yucatán Peninsula; Botrylloides
niger; Botryllus humilis

1. Introduction

Stolidobranchia is the second most diverse order, with 1206 species (Aplousobranchia:
~1500 species and Phlebobranchia: ~336 species) in Class Ascidiacea [1] with high morpho-
logical plasticity and complexity among its species. The family Styelidae is particularly
interesting because it contains more than 500 valid species with growth forms either solitary
or colonial [2,3]. The colonial forms differ significantly in appearance due to differences in
the organization of the zooids, whether or not zooids are embedded in a common tunic,
and characteristics of the tunic. Three different types of budding (vasal, peribranchial,
and vascular) also contribute to the diversity within colonial Styelidae [4]. Three genera
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of colonial Styelidae are the objects of this study: Botrylloides, Botryllus, and Symplegma.
In this group are several species that are frequently recognized as the major components
of fouling [5–7] with high abundance and growth rates [8], and widespread throughout
temperate, tropical, and subtropical waters [9,10].

Among those three genera, Botrylloides and Botryllus have complex colonies with many
features accessed by the cultivation of the colonies only [10]. These factors hinder the
description and discrimination of the species leading to frequent misidentifications [11,12],
although they are important model organisms for allorecognition, regeneration, develop-
ment, and genomic studies. On the other hand, Symplegma lies in an intermediate position
between the highly integrated botryllid colonies and the rest of the styelids that are gener-
ally less integrated [13]. Symplegma species have extensive color polymorphism and zooids
that are never arranged in systems [3]. Nevertheless, taxonomic problems also exist in
this genus, especially concerning widespread fouling species with variable color morphs
and morphological features. In this sense, whenever possible, the use of molecular and
morphological features, biological characteristics, and ecological traits are essential for the
identification of species [14,15]. Here we use an integrated morphological and molecular
approach to describe species of Botryllus, Botrylloides, and Symplegma dwelling in coral
reefs of the southern Gulf of Mexico and the Mexican Caribbean Sea. We also provide an
identification key including all Atlantic species in those genera.

2. Materials and Methods
2.1. Sample Collection

A total of 71 specimens were collected in coral reefs (from natural and artificial
substrates) in the southern Gulf of Mexico and the Mexican Caribbean Sea between 2015 and
2020 (Figure 1 and Supplementary Table S1) under the collection permits NPPF/DGOPA-
295/17 and N. PPF/ DGOPA-079/19, issued by Mexico’s State Secretaria de Agricultura,
Ganadería, Desarrollo Rural, Pesca y Alimentación (SAGARPA). The samples were collected
using SCUBA equipment, between 1 to 17 m depths by taking the whole substrate (shells,
dead corals, etc) or removing the animal from the substrate using a scraper. Some of the
samples were collected from A.R.M.S. (Autonomous Reef Monitoring Structures) made of
nine plates of PVC fixed together with small spaces between them and placed among the
reefs. Pictures of living colonies were taken whenever possible, either in the field or in the
lab. All colonies were divided into two sections, one section was preserved in absolute
ethanol for molecular identification (J. T. Baker, 9000-02), and one section was relaxed with
menthol and preserved in 4% formalin for morphological identification.

2.2. Morphological Identifications

The morphological analysis included the external observation of the colony and the
study of internal characters of the zooids and larvae, under a stereoscopic microscope fol-
lowing the standard method proposed by Monniot and Monniot (1972) [16]. Determination
of family and genus followed the tabular key by Rocha et al. [17] for Atlantic species. Some
permanent slides were prepared with Durcuplan® resin and were documented in pho-
tographs. Specimens and permanent slides were deposited in the “Colección de Ascidias
del Golfo de México (CAGoM)”, which is part of the collection of Marine Invertebrates of
Gulf of Mexico, National Autonomy University of Mexico (UNAM), Mérida, Yucatán.
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Figure 1. Sampled Reefs in the region of the Mexican Caribbean Sea (Cs) and the southern Gulf of
Mexico (GMx) included in the red rectangle shown in the insert. Bathymetry line at a depth of 200m.

2.3. Molecular Identifications

We sequenced the mitochondrial cytochrome c oxidase subunit I gene for molecular
barcoding purposes. DNA was extracted using the Nucleospin Tissue Kit (Macherey Nagel).
PCR amplification was performed using either OneTaq DNA Polymerase (New England
Biolabs) or Phusion High-Fidelity DNA Polymerase (New England Biolabs). OneTaq
reactions comprised the following ingredients: 25 µL total reaction volume with 16.375 µL
of nuclease-free water (New England Biolabs), 5 µL of 5x buffer (New England Biolabs),
0.5 µL of 10 mM dNTPs, 0.5 µL of 10 µM primer of each primer, 2 µL of OneTaq and
2 µL of DNA template. Phusion reactions were as follows: 20 µL total reaction volume
with 10.8 µL of nuclease-free water (New England Biolabs), 4 µL HF buffer (New England
Biolabs), 0.4 µL of 10 mM dNTPs, 0.6 µL of 100% DMSO, 0.2 µL of Phusion, and 2 µL of
DNA template.

Each DNA sample was amplified with one of the following PCR primer pairs: LCO1490/
HCO2198 [18], Tun_forward/Tun_reverse2 [19], dinF/Nux1R [20], and/or cat1F/ux1R [12,21].
Tun primers were only used with OneTaq polymerase, following this protocol: 94 ◦C for 1 min,
60× (94 ◦C for 10 s, 50 ◦C for 30 s, 72 ◦C for 50 s), 72 ◦C for 10 min. Folmer primers were only
used with Phusion polymerase, following this protocol: 98 ◦C for 30 s, 35× (98 ◦C for 10 s,
48 ◦C for 30 s, 72 ◦C for 30 s), 72 ◦C for 5 min. dinF/Nux1R and cat1F/ux1R were only used
with Phusion polymerase, following this protocol: 98 ◦C for 30 s, 35× (98 ◦C for 10 s, 46 ◦C
for 30 s, 72 ◦C for 30 s), 72 ◦C for 5 min. cat1F/ux1R are primers nested in the PCR products
obtained with dinF/Nux1R. 1:100 dilution of dinF/Nux1R products were used as templates
for cat1F/ux1R [12].

PCR products were incubated with 1 µL each of Exonuclease I (New England Biolabs)
and Antarctic Phosphatase (New England Biolabs) at 37 ◦C for 1 h, followed by 90 ◦C for
10 min. The PCR products were Sanger sequenced in both directions at Eurofins Genomics
(Louisville, KY, USA) using industry-standard protocols. Forward and reverse sequences
were edited and combined into a consensus sequence using Codon Code Aligner (Codon
Code Corporation). Accession Numbers for the sequences taken from GenBank are listed
in Supplementary Table S2.
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2.4. Phylogenetic Tree Construction

Consensus sequences were aligned using MUSCLE in Codon Code Aligner (Codon
Code Corporation). For species delimitation (see below), a 519 bp alignment was obtained;
the length was constrained by the sequences obtained with Tun_forward/Tun_reverse2
or LCO1490/HCO2198 primers. The 97 sequences in the alignment included 94 botryllid
sequences and 3 outgroup sequences: Symplegma sp. 1, Symplegma sp. 2, and Symplegma sp.
3 from the southern Gulf of Mexico and the Mexican Caribbean Sea. Not all 110 barcode
sequences generated as part of this study were included in the alignment: sequences
shorter than 519 bp were excluded. The Symplegma sequences were trimmed from longer
sequences previously submitted to GenBank by MLN: MW285134 (Symplegma sp. 1),
MW872306 (Symplegma sp. 2), and MW285136 (Symplegma sp. 3). The best model of
nucleotide substitution was identified in MEGA X [22] as GTR+G+I using AIC model
selection and was used in all phylogenetic reconstructions. A Maximum Likelihood tree
was constructed using RAxML HPC BlackBox [23]) on CIPRES (Cyberinfrastructure for
Phylogenic Research) Science Gateway v. 3.3 [24]. Nodes with less than 75% bootstrap
support were collapsed. A 50% Majority Rule consensus Bayesian tree was obtained
using MrBayes 3.2.2 [25] on the CIPRES Science Gateway [24]. Each analysis was run for
10 million generations, with sampling every 1000 generations. The first 2000 trees were
eliminated as burn-in. Nodes with posterior probability values <0.95 were collapsed.

To investigate the evolutionary context of the clades discovered in this study, we
created a 519 bp alignment of 91 sequences from the Gulf of Mexico and Mexican Caribbean
Sea, three Symplegma species forming an outgroup, and 18 sequences from closely related
Botrylloides and Botryllus taxa available on GenBank. Accession Numbers for the sequences
taken from GenBank are listed in Supplementary Table S2. Maximum Likelihood and
Bayesian trees were constructed as described above.

2.5. Species Delimitations

The mtCOI sequences were analyzed using two single-locus methods for species
delimitation: ASAP (Assemble Species by Automatic Partitioning) [26] and bPTP [27].
ASAP uses pairwise genetic distances to partition putative species by identifying gaps
between larger distances (presumed interspecific) and smaller distances (presumed in-
traspecific) [26]. ASAP builds on the earlier program ABGD (Automatic Barcode Gap
Discovery) by removing a priori-defined maximum genetic intraspecific divergence (P) and
ranking the partitions [28]. On the other hand, bPTP (Bayesian Poisson Tree Process) is
derived from PTP, which analyzes a user-inputed phylogenetic tree to identify regions of
the tree that are transition points between branching rates consistent with a speciation
model and those consistent with a coalescent model [27]. bPTP adds Bayesian support
values to the putative species nodes [27]. The species partitions between ASAP and bPTP
can differ [29], so we employed both methods. A third popular method, GMYC [30], was
not used in this case because it relies on ultrametric trees. Ascidians have an incredibly
thin fossil record, and the fossil calibration necessary for the creation of ultrametric trees is
not available.

We ran ASAP using all three available substitution models: p-distances, Jukes-Cantor [31],
and Kimura 2-parameter model [32]. The 519 bp sequence alignment of 97 taxa described
above was uploaded to the ASAP web server: https://bioinfo.mnhn.fr/abi/public/asap/
asapweb.html (accessed on 23 September 2021). The Maximum Likelihood (ML) tree generated
from the 519 bp sequence alignment of 97 taxa described above was run with bPTP using the
web server: http://species.h-its.org/ (accessed on 23 September 2021).

All of the sequences from the southern Gulf of Mexico species in this study were
BLASTed to GenBank, to determine whether species delimitation including any sequences
on GenBank would be warranted. None of the sequences from the southern Gulf of
Mexico had identity >95% to any other sequences on GenBank, with the exception of
Botryllus humilis, which had 99–100% identity to Botryllus sp. from Puerto Rico published
in Streit et al., 2017 [33] (GenBank Accession Number MT637977), and Botrylloides niger.

https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html
https://bioinfo.mnhn.fr/abi/public/asap/asapweb.html
http://species.h-its.org/
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We therefore only included sequences from the southern Gulf of Mexico in our species
delimitation analysis.

3. Results
Species Delimitations

A preliminary phylogeny based on p-distances served as the species hypotheses we
tested using delimitation analyses. Not all sequences were long enough to be included in
the alignment for species delimitation (e.g., CAGoM-2090 and 2100 belonging to Botryllus
humilis Monniot, 1988). Their assignment is therefore based on the preliminary phylogeny.
The species delimitation results are summarized in Figure 2 (Bayesian Tree) and Supplemen-
tary Figure S1 (Maximum Likelihood Tree), and are presented in detail in Supplementary
Table S3. Pairwise p-distances of all sequences present in the alignment used to create
species delimitation trees are shown in Supplementary Table S4. A Symplegma clade’s
two sequences were each considered a putative species by ASAP and bPTP, and although
they were singletons, morphological characters justified their recognition as two valid
species (Symplegma sp. and Symplegma papillata sp. nov). Sequences in one clade were
identified through megablast to the GenBank database as Botrylloides niger, a well-known
circum-tropical species [34].
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Figure 2. Species Delimitation tree constructed in a Bayesian phylogenetic framework. The numbers
at the nodes are Bayesian posterior probabilities. The red bars denote species recovered by the
ASAP species delimitation method. The blue bars denote species recovered by the bPTP species
delimitation method.

There were two samples with ambiguous assignments. CAGoM-2211 was grouped
with Botryllus tunnelli sp. nov. using ASAP but was classified as a separate species by bPTP;
thus, we decided to not include it in this species. CAGoM-2456 was placed in Botryllus
humilis Monniot, 1988 using bPTP, but was placed as a separate species by ASAP. It is
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97–98% identical to other Botryllus humilis sequences from GenBank, which means that it
likely belongs in Botryllus humilis despite the ASAP results, and we decided to classify it
as such.

The three Symplegma spp. in this study did not have close matches to any sequences on
GenBank, nor to unpublished sequences being used for a holistic revision of the Symplegma
genus (Gissi et al., unpublished data).

Genus Botryllus Gaertner, 1774
Botryllus bonanzus sp. nov. (Figure 2, Figure 3 and Figure 17)
Holotype: CAGoM-2339 La Bonanza Reef (ARMS), artificial substrate (PVC), 4 m

depth, 26 July 2019, col. Lilian Palomino-Alvarez.
Paratype: CAGoM-2521, La Bonanza Reef (ARMS), artificial substrate (PVC), 4 m

depth, 25 October 2019, col. Lilian Palomino-Alvarez.
Etymology: This species was found in Arrecife La Bonanza from Parque Nacional

Arrecife Puerto Morelos under the charge of Dr. María del Carmen García Rivas, to whom
we are grateful for all the support provided for the realization of this work.

The colonies are about 3–5 cm across and 1 mm thick. The systems have 3–4 zooids
each with sets of zooid pairs attached only by loose tunic to the systems in CAGoM-2339.
The zooids are arranged in a “schlosseri-type” configuration (as described in Brunetti
2009 [35]). Finger-shaped ampullae, which are peach-colored to brown-colored, are visible
in a few sections on the edges of the colony. The vascular network is easily visible in the
tunic because there are large sections of the colonies with no zooids present. After formalin
preservation, the colony appears reddish-brown with a transparent tunic (Figure 3A).

In CAGoM-2339 zooids were contracted and six of the most relaxed zooids were
0.78 mm long on average and buds were 0.4 mm. The zooids are wider than usual for
Botryllus. The anterior region is flat with the oral siphon in the middle and includes the
1st and 2nd stigmatal rows. Zooids are reddish-brown, and the body is usually heavily
pigmented so that internal structures are not visible from the outside. The pigment cells
can also be clustered in the transverse vessels. In colony CAGoM-2521, ovaries are visible
in the dorsal view, despite the dark and wide anterior region.

The ten oral tentacles are of three size orders, in this position: L S M S M S L S M
S. There are four stigmatal rows on both sides of the body. The second row is dorsally
incomplete, usually reduced by one or two stigmata. There are 13 stigmata per half-row
(DL3v3v3v4E) in the second and third rows of stigmata.
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The stomach is cylindrical, meaning that the cardiac end is the same width as the
pyloric end. There are 7–8 poorly marked stomach folds, with some of the folds incomplete
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or not even visible in some zooids. The pyloric caecum is bent at a right angle and the tip is
very swollen. The caecum would be
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the length of the stomach if the caecum were not
curved (Figure 3B). The intestine, rectum, and anus are shaped like a figure-eight, which is
an unusual orientation for Botrylloides and Botryllus. The rectum does not rise vertically
towards the anterior of the body but remains in a horizontal position and the anus is
tucked into the intestinal loop, at the same stigmatal row as the anterior-most portion of
the intestinal loop.

Ovaries were present in CAGoM-2521 but not in CAGoM-2339. Ovaries are at the
level of the second and third row of stigmata on both sides or only on the left side of the
body, with one oocyte each. Testes were not present in either colony. Buds were present in
the colony CAGoM-2339, attached to adult zooids.

Botryllus camur sp. nov. (Figure 2, Figure 4 and Figure 17)
Holotype: CAGoM-2207 Alacranes Reef (ALA01), on dead coral and sponges, 9 m

depth, 18 July 2019, col. Lilian Palomino-Alvarez.
Paratype: CAGoM-2266, Bajos del Norte Reef (BN01), on dead coral, 15m depth, 20

July 2019, col. Lilian Palomino-Alvarez.
Samples with barcode only and determined by species delimitation analysis are as

follows: CAGoM-2257, Bajos del Norte Reef (BN01), on dead coral, 15m depth, 20 July
2019, col. Lilian Palomino-Alvarez.

Etymology: The name of the species is due to the unusual hooked shape of the caecum.
Sample CAGoM-2266 was growing on coral and sponges. Colonies are about 4–5 cm

across and 2 mm thick. The zooids are arranged in a “schlosseri-type” configuration
35]. In life, the colony CAGoM-2257 was dark and translucent with white dots on the
ventral and dorsal sides of the oral siphon, while CAGoM-2266 was orange and translucent,
and CAGoM-2207 was white with red atrial languets that form the ceiling of the cloaca
(Figure 4A). After formalin preservation, all colonies appear light brown (Figure 4B,C).

Zooids were contracted, and 19 of the most relaxed (CAGoM-2207) were 1 mm long
on average (Figure 4D). The body wall is uncolored and transparent. There are six oral
tentacles of two size orders (L S L S L S). Each zooid has 13–14 rows of stigmata on the
right side of the body, and only 11 rows visible on the left side (CAGoM-2207). The
second row, dorsally complete, was only visible in four zooids in CAGoM-2207. There are
approximately 13–14 stigmata per half-row on the right and left sides of the body, with the
following formula: DL3v4v4v3E3v4v4v3DL.

The stomach is short and square-shaped and there are eight isodiametric folds. The
pyloric caecum is curved into a closed C-shape (looks like a candy cane but the tip is longer
than the stalk), and moderately swollen in the tip. The caecum would be
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There are eight oral tentacles of three size orders variable in their position. Zooids 
have 8–9 stigmatalrows on both sides of the body and the second row is dorsally complete 
on both the left and right sides. There are 12–13 stigmata per half-row on each side, 
organized as DL4v2-3v2-3v3-4E on the right and as DL4v2-3v2-3v3E on the left. 

The stomach is cylindrical, with eight stomach folds without longitudinal grooves, 
and the last one is often smaller than the others. The pyloric caecum is large and would 
be longer than the stomach if the caecum was not curved. It resembles a candy cane, with 
the curved distal section   ½   to   ⅔   as long as the proximal section, and this is at a right 
angle with respect to the longitudinal axis of the stomach. The tip of the pyloric caecum is 
slightly swollen (Figure 5G). The intestinal loop is closed and dips posteriorly towards the 
stomach or covers a portion of the stomach before turning anteriorly at a 90-degree angle 
to form the rectum. The anterior edge of the intestinal loop is situated from the 6th to the 
8th stigmatal row, and the anus opens between the 4th row and the 5th transverse vessel. 
The anus position is quite variable with respect to the anterior edge of the intestinal loop, 
between 1–4 rows anterior. 

Ovaries are anterior to testes, present only in CAGoM-2087. Testes are peach-colored 
and form a rosette with 2–3 follicles in CAGoM-2093 to 4–12 follicles in CAGoM-2087. The 
left side testis is anterior to the right side testis and overlaps the anterior-most intestinal 
loop. Buds are visible in both colonies, in a layer underneath the adult zooids in CAGoM-
2087, and on the external edges of the systems in CAGoM-2093. There are embryos on one 
or both sides of the zooid, and many zooids have both embryos and testes at the same 
time in CAGoM-2087. 

Botryllus humilis Monniot, 1988 (Figures 2, 6 and 17) 
Holotype: CAGoM-2071, Bajo 10 Reef (ARMS), 7 m depth, 03 April 2019 col. Lilian 

Palomino-Alvarez. 
Paratypes: CAGoM-2102 Bajo 10 Reef (ARMS), 7 m depth, 03 April 2019 col. Lilian 

Palomino-Alvarez. CAGoM-2407, CAGoM-2427 Bajo 10 Reef (ARMS), 7 m depth, 03 July 
2019, col. Lilian Palomino-Alvarez. 

Samples with barcode only and determined by species delimitation analysis are as 
follows: CAGoM-2076, CAGoM-2081, CAGoM-2082, CAGoM-2083, CAGoM-2086, 
CAGoM-2089, CAGoM-2103, CAGoM-2105, CAGoM-2109, CAGoM-2111, CAGoM-2114, 
CAGoM-2118, CAGoM-2119, CAGoM-2120, CAGoM-2126, Bajo 10 Reef (ARMS), 7 m 
depth, 03 April 2019 col. Lilian Palomino-Alvarez. Artificial substrate. CAGoM-2170, 
Mahahual Reef (MAH6), 9 m depth, on dead-dead coral. 15 May 2019 col. Lilian Palomino-
Alvarez. CAGoM-2385, CAGoM-2398, CAGoM-2405, CAGoM-2407, CAGoM-2413, 
CAGoM-2414, CAGoM-2422, Bajo 10 Reef (ARMS), 7 m depth, 03-07-2019 col. Lilian 
Palomino-Alvarez. Artificial substrate. CAGoM-2456, Bajo 10 Reef (ARMS), 7 m depth, 25 
October 2019 col. Lilian Palomino-Alvarez. Artificial substrate. CAGoM-2564, Bajo 10 Reef 
(ARMS), 7 m depth, 12 February 2020 col. Lilian Palomino-Alvarez. Artificial substrate. 

Sample CAGoM-2071 and CAGoM-2102 are large colonies, while CAGoM-2407 is 
small (three systems). The colonies are 1–2 mm thick with small networks of hydrozoans 
on the surface. The systems are variable: CAGoM-2071 contains ladder-like, oval, and 
circular systems, CAGoM-2102 contains ladder-like systems only, and CAGoM-2407 oval 
systems only. The oval and circular systems in CAGoM-2071 are too large for all zooids 
in each system to be involved in the construction of the cloaca. The systems in CAGoM-
2407 are oval, but the colony is small. Small colonies of either “leachii-type” or “schlosseri-
type” can appear oval. In life, colony CAGoM-2071 was rose-colored and colony CAGoM-
2102 was purple with brown, but a variety of colors was observed in this species, such as 
pink and orange with brown. After formalin preservation, colonies CAGoM-2071 and 
CAGoM-2407 are tan/light brown, whereas colony CAGoM-2102 is reddish-brown. 

Zooids were in various states of relaxation, although none were fully relaxed. A small 
number of zooids, the most relaxed, from each colony were measured with an average 
length of 1.16 mm. Removed from the tunic the zooids are yellow, but the body wall is 
transparent enough that the intestine, ovaries, and testes are visible from the outside. 

the length
of the stomach in CAGoM-2266 and
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The colonies are about 3–5 cm across and 1 mm thick. The systems have 3–4 zooids 
each with sets of zooid pairs attached only by loose tunic to the systems in CAGoM-2339. 
The zooids are arranged in a “schlosseri-type” configuration (as described in Brunetti 2009 
[35]). Finger-shaped ampullae, which are peach-colored to brown-colored, are visible in a 
few sections on the edges of the colony. The vascular network is easily visible in the tunic 
because there are large sections of the colonies with no zooids present. After formalin 
preservation, the colony appears reddish-brown with a transparent tunic (Figure 3A). 

In CAGoM-2339 zooids were contracted and six of the most relaxed zooids were 0.78 
mm long on average and buds were 0.4 mm. The zooids are wider than usual for Botryllus. 
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that internal structures are not visible from the outside. The pigment cells can also be 
clustered in the transverse vessels. In colony CAGoM-2521, ovaries are visible in the 
dorsal view, despite the dark and wide anterior region. 

The ten oral tentacles are of three size orders, in this position: L S M S M S L S M S. 
There are four stigmatal rows on both sides of the body. The second row is dorsally 
incomplete, usually reduced by one or two stigmata. There are 13 stigmata per half-row 
(DL3v3v3v4E) in the second and third rows of stigmata. 

The stomach is cylindrical, meaning that the cardiac end is the same width as the 
pyloric end. There are 7–8 poorly marked stomach folds, with some of the folds 
incomplete or not even visible in some zooids. The pyloric caecum is bent at a right angle 
and the tip is very swollen. The caecum would be   ¾   the length of the stomach if the 
caecum were not curved (Figure 3B). The intestine, rectum, and anus are shaped like a 
figure-eight, which is an unusual orientation for Botrylloides and Botryllus. The rectum 
does not rise vertically towards the anterior of the body but remains in a horizontal 
position and the anus is tucked into the intestinal loop, at the same stigmatal row as the 
anterior-most portion of the intestinal loop. 

Ovaries were present in CAGoM-2521 but not in CAGoM-2339. Ovaries are at the 
level of the second and third row of stigmata on both sides or only on the left side of the 
body, with one oocyte each. Testes were not present in either colony. Buds were present 
in the colony CAGoM-2339, attached to adult zooids. 

Botryllus camur sp. nov. (Figures 2, 4 and 17) 
Holotype: CAGoM-2207 Alacranes Reef (ALA01), on dead coral and sponges, 9 m 

depth, 18 July 2019, col. Lilian Palomino-Alvarez. 
Paratype: CAGoM-2266, Bajos del Norte Reef (BN01), on dead coral, 15m depth, 20 

July 2019, col. Lilian Palomino-Alvarez. 
Samples with barcode only and determined by species delimitation analysis are as 

follows: CAGoM-2257, Bajos del Norte Reef (BN01), on dead coral, 15m depth, 20 July 
2019, col. Lilian Palomino-Alvarez. 

Etymology: The name of the species is due to the unusual hooked shape of the 
caecum. 

Sample CAGoM-2266 was growing on coral and sponges. Colonies are about 4–5 cm 
across and 2 mm thick. The zooids are arranged in a “schlosseri-type” configuration 35]. 
In life, the colony CAGoM-2257 was dark and translucent with white dots on the ventral 
and dorsal sides of the oral siphon, while CAGoM-2266 was orange and translucent, and 
CAGoM-2207 was white with red atrial languets that form the ceiling of the cloaca (Figure 
4A). After formalin preservation, all colonies appear light brown (Figure 4B,C). 

in CAGoM-2207 if the caecum was not curved
(Figure 4E). The intestine has a dilation in the first loop. The anus opens at the third or
fourth stigmatal row. Ovaries and testes were not visible in these zooids, while primary
and secondary buds were present.
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Figure 4. Botryllus camur sp. nov. (A) Live colony on natural substrate (Dead coral) (B) Organization 
of one system with eight zoooids (C) Zooids and buds in a preserved colony (D) Left side view of a 
zooid (E) Detail of the abdomen region. 

Figure 4. Botryllus camur sp. nov. (A) Live colony on natural substrate (Dead coral) (B) Organization
of one system with eight zoooids (C) Zooids and buds in a preserved colony (D) Left side view of a
zooid (E) Detail of the abdomen region.
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Botryllus hartensis sp. nov. (Figure 2, Figure 5 and Figure 17)
Holotype: CAGoM-2087, Bajo 10 Reef (ARMS), artificial substrate, 7 m depth, 30

April 2019, col. Lilian Palomino-Alvarez.
Paratype: CAGoM-2093, Bajo 10 Reef (ARMS), artificial substrate, 7 m depth, 30 April

2019, col. Lilian Palomino-Alvarez.
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Figure 5. Botryllus hartensis sp. nov. (A) Live colony on artificial substrate (PVC). (B-D) Circular 
systems with a different number of zooids in preserved colonies (E) Pronounced atrial languets of 
each zooid in the system around one cloaca (F) Left side view of a zooid (G) Detail of the abdomen 
region. 

Figure 5. Botryllus hartensis sp. nov. (A) Live colony on artificial substrate (PVC). (B–D) Circular
systems with a different number of zooids in preserved colonies (E) Pronounced atrial languets of each
zooid in the system around one cloaca (F) Left side view of a zooid (G) Detail of the abdomen region.
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Samples with barcode only and determined by species delimitation analysis are as
follows: CAGoM-2084, CAGoM-2085, Bajo 10 Reef (ARMS), artificial substrate, 7 m depth,
30 April 2019, col. Lilian Palomino-Alvarez. CAGoM-2579, Bajo 10 Reef (ARMS), artificial
substrate, 7 m depth, 12 February 2020, col. Lilian Palomino-Alvarez. CAGoM-2695,
Puerto Morelos Reef (ARMS), 4 m depth, 12 February 2020, col. Lilian Palomino-Alvarez.

Etymology: The name of the species is dedicated to Mr. Edward H. Harte for his
generous donation on 19 September 2000 that enabled the creation of the Harte Research
Institute for Gulf of Mexico Studies (HRI) at Texas A&M University-Corpus Christi, Texas,
USA. HRI has continuously supported research on biodiversity and conservation of the
Southern Gulf of México, including the taxonomic work and scientific collections of the
Biodiversidad marina de Yucatán (BDMY) research group at UMDI-Sisal, FC-UNAM,
Yucatán México where the authors Lilian Palomino-Alvarez and Nuno Simões work.

In life, the colonies are salmon or dark purple; after formalin preservation, they turn
reddish-brown (Figure 5A–D). The rim of the cloaca and the oral siphons in CAGoM-2087
are dark purple. Under magnification, it is possible to see reddish-brown lines radiating
outward from the cloacas formed by pigment cells that outline the pronounced atrial
languet of each zooid in the system (Figure 5E). The zooids are arranged in a “schlosseri-
type” configuration 35] and the systems appear to rise above the colony surface. The colony
is 1 mm thick. Adult zooids, embryos, and testes are visible through the colony tunic.
Ampullae are finger-shaped and can have a peach color (CAGoM-2087) or are colorless
(CAGoM-2093).

Zooids are an average of 1.1 mm long, and are pink and opaque when preserved so
that the stigmatal rows are not easily visible from the outside (Figure 5F). Dark purple
pigment cells are spread across the body wall, most often at medium density. These pigment
cells are also visible when the zooids are in the colony. There are orange pigment clusters
on either side of the endostyle, corresponding roughly to stigmatal rows. In CAGoM-2093
the stomach is dark brown, and visible through the body wall even when the zooids are
still inside the colony.

There are eight oral tentacles of three size orders variable in their position. Zooids have
8–9 stigmatalrows on both sides of the body and the second row is dorsally complete on
both the left and right sides. There are 12–13 stigmata per half-row on each side, organized
as DL4v2-3v2-3v3-4E on the right and as DL4v2-3v2-3v3E on the left.

The stomach is cylindrical, with eight stomach folds without longitudinal grooves,
and the last one is often smaller than the others. The pyloric caecum is large and would be
longer than the stomach if the caecum was not curved. It resembles a candy cane, with the
curved distal section
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There are eight oral tentacles of three size orders variable in their position. Zooids 
have 8–9 stigmatalrows on both sides of the body and the second row is dorsally complete 
on both the left and right sides. There are 12–13 stigmata per half-row on each side, 
organized as DL4v2-3v2-3v3-4E on the right and as DL4v2-3v2-3v3E on the left. 

The stomach is cylindrical, with eight stomach folds without longitudinal grooves, 
and the last one is often smaller than the others. The pyloric caecum is large and would 
be longer than the stomach if the caecum was not curved. It resembles a candy cane, with 
the curved distal section   ½   to   ⅔   as long as the proximal section, and this is at a right 
angle with respect to the longitudinal axis of the stomach. The tip of the pyloric caecum is 
slightly swollen (Figure 5G). The intestinal loop is closed and dips posteriorly towards the 
stomach or covers a portion of the stomach before turning anteriorly at a 90-degree angle 
to form the rectum. The anterior edge of the intestinal loop is situated from the 6th to the 
8th stigmatal row, and the anus opens between the 4th row and the 5th transverse vessel. 
The anus position is quite variable with respect to the anterior edge of the intestinal loop, 
between 1–4 rows anterior. 

Ovaries are anterior to testes, present only in CAGoM-2087. Testes are peach-colored 
and form a rosette with 2–3 follicles in CAGoM-2093 to 4–12 follicles in CAGoM-2087. The 
left side testis is anterior to the right side testis and overlaps the anterior-most intestinal 
loop. Buds are visible in both colonies, in a layer underneath the adult zooids in CAGoM-
2087, and on the external edges of the systems in CAGoM-2093. There are embryos on one 
or both sides of the zooid, and many zooids have both embryos and testes at the same 
time in CAGoM-2087. 

Botryllus humilis Monniot, 1988 (Figures 2, 6 and 17) 
Holotype: CAGoM-2071, Bajo 10 Reef (ARMS), 7 m depth, 03 April 2019 col. Lilian 

Palomino-Alvarez. 
Paratypes: CAGoM-2102 Bajo 10 Reef (ARMS), 7 m depth, 03 April 2019 col. Lilian 

Palomino-Alvarez. CAGoM-2407, CAGoM-2427 Bajo 10 Reef (ARMS), 7 m depth, 03 July 
2019, col. Lilian Palomino-Alvarez. 

Samples with barcode only and determined by species delimitation analysis are as 
follows: CAGoM-2076, CAGoM-2081, CAGoM-2082, CAGoM-2083, CAGoM-2086, 
CAGoM-2089, CAGoM-2103, CAGoM-2105, CAGoM-2109, CAGoM-2111, CAGoM-2114, 
CAGoM-2118, CAGoM-2119, CAGoM-2120, CAGoM-2126, Bajo 10 Reef (ARMS), 7 m 
depth, 03 April 2019 col. Lilian Palomino-Alvarez. Artificial substrate. CAGoM-2170, 
Mahahual Reef (MAH6), 9 m depth, on dead-dead coral. 15 May 2019 col. Lilian Palomino-
Alvarez. CAGoM-2385, CAGoM-2398, CAGoM-2405, CAGoM-2407, CAGoM-2413, 
CAGoM-2414, CAGoM-2422, Bajo 10 Reef (ARMS), 7 m depth, 03-07-2019 col. Lilian 
Palomino-Alvarez. Artificial substrate. CAGoM-2456, Bajo 10 Reef (ARMS), 7 m depth, 25 
October 2019 col. Lilian Palomino-Alvarez. Artificial substrate. CAGoM-2564, Bajo 10 Reef 
(ARMS), 7 m depth, 12 February 2020 col. Lilian Palomino-Alvarez. Artificial substrate. 

Sample CAGoM-2071 and CAGoM-2102 are large colonies, while CAGoM-2407 is 
small (three systems). The colonies are 1–2 mm thick with small networks of hydrozoans 
on the surface. The systems are variable: CAGoM-2071 contains ladder-like, oval, and 
circular systems, CAGoM-2102 contains ladder-like systems only, and CAGoM-2407 oval 
systems only. The oval and circular systems in CAGoM-2071 are too large for all zooids 
in each system to be involved in the construction of the cloaca. The systems in CAGoM-
2407 are oval, but the colony is small. Small colonies of either “leachii-type” or “schlosseri-
type” can appear oval. In life, colony CAGoM-2071 was rose-colored and colony CAGoM-
2102 was purple with brown, but a variety of colors was observed in this species, such as 
pink and orange with brown. After formalin preservation, colonies CAGoM-2071 and 
CAGoM-2407 are tan/light brown, whereas colony CAGoM-2102 is reddish-brown. 

Zooids were in various states of relaxation, although none were fully relaxed. A small 
number of zooids, the most relaxed, from each colony were measured with an average 
length of 1.16 mm. Removed from the tunic the zooids are yellow, but the body wall is 
transparent enough that the intestine, ovaries, and testes are visible from the outside. 

to
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loop. Buds are visible in both colonies, in a layer underneath the adult zooids in CAGoM-
2087, and on the external edges of the systems in CAGoM-2093. There are embryos on one 
or both sides of the zooid, and many zooids have both embryos and testes at the same 
time in CAGoM-2087. 
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Holotype: CAGoM-2071, Bajo 10 Reef (ARMS), 7 m depth, 03 April 2019 col. Lilian 

Palomino-Alvarez. 
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October 2019 col. Lilian Palomino-Alvarez. Artificial substrate. CAGoM-2564, Bajo 10 Reef 
(ARMS), 7 m depth, 12 February 2020 col. Lilian Palomino-Alvarez. Artificial substrate. 

Sample CAGoM-2071 and CAGoM-2102 are large colonies, while CAGoM-2407 is 
small (three systems). The colonies are 1–2 mm thick with small networks of hydrozoans 
on the surface. The systems are variable: CAGoM-2071 contains ladder-like, oval, and 
circular systems, CAGoM-2102 contains ladder-like systems only, and CAGoM-2407 oval 
systems only. The oval and circular systems in CAGoM-2071 are too large for all zooids 
in each system to be involved in the construction of the cloaca. The systems in CAGoM-
2407 are oval, but the colony is small. Small colonies of either “leachii-type” or “schlosseri-
type” can appear oval. In life, colony CAGoM-2071 was rose-colored and colony CAGoM-
2102 was purple with brown, but a variety of colors was observed in this species, such as 
pink and orange with brown. After formalin preservation, colonies CAGoM-2071 and 
CAGoM-2407 are tan/light brown, whereas colony CAGoM-2102 is reddish-brown. 

Zooids were in various states of relaxation, although none were fully relaxed. A small 
number of zooids, the most relaxed, from each colony were measured with an average 
length of 1.16 mm. Removed from the tunic the zooids are yellow, but the body wall is 
transparent enough that the intestine, ovaries, and testes are visible from the outside. 

as long as the proximal section, and this is at a right angle
with respect to the longitudinal axis of the stomach. The tip of the pyloric caecum is slightly
swollen (Figure 5G). The intestinal loop is closed and dips posteriorly towards the stomach
or covers a portion of the stomach before turning anteriorly at a 90-degree angle to form the
rectum. The anterior edge of the intestinal loop is situated from the 6th to the 8th stigmatal
row, and the anus opens between the 4th row and the 5th transverse vessel. The anus
position is quite variable with respect to the anterior edge of the intestinal loop, between
1–4 rows anterior.

Ovaries are anterior to testes, present only in CAGoM-2087. Testes are peach-colored
and form a rosette with 2–3 follicles in CAGoM-2093 to 4–12 follicles in CAGoM-2087. The
left side testis is anterior to the right side testis and overlaps the anterior-most intestinal
loop. Buds are visible in both colonies, in a layer underneath the adult zooids in CAGoM-
2087, and on the external edges of the systems in CAGoM-2093. There are embryos on one
or both sides of the zooid, and many zooids have both embryos and testes at the same time
in CAGoM-2087.

Botryllus humilis Monniot, 1988 (Figure 2, Figure 6 and Figure 17)
Examined material: CAGoM-2071, Bajo 10 Reef (ARMS), 7 m depth, 03 April 2019

col. Lilian Palomino-Alvarez. CAGoM-2102 Bajo 10 Reef (ARMS), 7 m depth, 03 April
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2019 col. Lilian Palomino-Alvarez. CAGoM-2407, CAGoM-2427 Bajo 10 Reef (ARMS), 7
m depth, 03 July 2019, col. Lilian Palomino-Alvarez.

Samples with barcode only and determined by species delimitation analysis are
as follows: CAGoM-2076, CAGoM-2081, CAGoM-2082, CAGoM-2083, CAGoM-2086,
CAGoM-2089, CAGoM-2103, CAGoM-2105, CAGoM-2109, CAGoM-2111, CAGoM-2114,
CAGoM-2118, CAGoM-2119, CAGoM-2120, CAGoM-2126, Bajo 10 Reef (ARMS), 7 m depth,
03 April 2019 col. Lilian Palomino-Alvarez. Artificial substrate. CAGoM-2170, Mahahual
Reef (MAH6), 9 m depth, on dead-dead coral. 15 May 2019 col. Lilian Palomino-Alvarez.
CAGoM-2385, CAGoM-2398, CAGoM-2405, CAGoM-2407, CAGoM-2413, CAGoM-2414,
CAGoM-2422, Bajo 10 Reef (ARMS), 7 m depth, 03-07-2019 col. Lilian Palomino-Alvarez.
Artificial substrate. CAGoM-2456, Bajo 10 Reef (ARMS), 7 m depth, 25 October 2019 col.
Lilian Palomino-Alvarez. Artificial substrate. CAGoM-2564, Bajo 10 Reef (ARMS), 7 m
depth, 12 February 2020 col. Lilian Palomino-Alvarez. Artificial substrate.

Sample CAGoM-2071 and CAGoM-2102 are large colonies, while CAGoM-2407 is
small (three systems). The colonies are 1–2 mm thick with small networks of hydrozoans on
the surface. The systems are variable: CAGoM-2071 contains ladder-like, oval, and circular
systems, CAGoM-2102 contains ladder-like systems only, and CAGoM-2407 oval systems
only. The oval and circular systems in CAGoM-2071 are too large for all zooids in each
system to be involved in the construction of the cloaca. The systems in CAGoM-2407 are
oval, but the colony is small. Small colonies of either “leachii-type” or “schlosseri-type” can
appear oval. In life, colony CAGoM-2071 was rose-colored and colony CAGoM-2102 was
purple with brown, but a variety of colors was observed in this species, such as pink and
orange with brown. After formalin preservation, colonies CAGoM-2071 and CAGoM-2407
are tan/light brown, whereas colony CAGoM-2102 is reddish-brown.

Zooids were in various states of relaxation, although none were fully relaxed. A
small number of zooids, the most relaxed, from each colony were measured with an
average length of 1.16 mm. Removed from the tunic the zooids are yellow, but the body
wall is transparent enough that the intestine, ovaries, and testes are visible from the
outside. CAGoM-2102′s zooids have dark red atrial languets and pink bodies in the tunic
(Figure 6A,B). Removed from the tunic, the posterior ends of zooids are yellow because the
stomach is visible through the body wall. Common pigmentation features of the CAGoM-
2071 and CAGoM-2407 zooids are two light brown or orange pigment clusters (one on
either side of the oral siphon, at the base of large oral tentacles) and two brown pigment
clusters, one on either side of the distal end of the atrial languet. Diffuse and faint orange
pigment cells appear on either side of the endostyle, corresponding to stigmatal rows 2–5
or 2–6, and there are yellow pigment cells spread across the body wall, at high or medium
density. Three common pigmentation features of the CAGoM-2102 zooids are (1) magenta
pigment cells on the atrial languet at medium density with two longitudinal lines down the
length of the languet or variable patterning, (2) Dark orange pigment cells overlain with
dark purple pigment cells on either side of endostyle, corresponding roughly to stigmatal
rows, most often stigmatal rows 2–6, and (3) two light brown or peach pigment clusters,
one on either side of the oral siphon (as in CAGoM-2071 and CAGoM-2407). The zooids
in this colony can have pigmentation elsewhere, including on the anterior-most portion
of the zooid, on the posterior edge of the atrial opening, covering the transverse vessels,
on either side of the distal end of the atrial languet, covering a portion of the stomach, or
spread across the body wall at low density.

The 12 oral tentacles are of three size orders, in one of these two positions: L S M S M
S M S M S M S or L S M S L M S M S M S M. Each zooid has 8 rows of stigmata on each
side of the body. The second row has fewer (1–2) stigmata between the dorsal lamina and
the first longitudinal vessel. There are 15–16 (more often 15) stigmata per half-row on both
sides of the body, in the following arrangement: DL5-6v2-3v2-3v4-5E.
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The stomach is cylindrical, with 8–9 stomach folds, and when there are 9 folds the
last one is often smaller than the others. The folds have shallow longitudinal ruts. The
pyloric caecum is large (it would be longer than the stomach if the caecum were not bent).
The caecum is bent (not perpendicular) from the longitudinal axis of the stomach, and
the moderately swollen tip is at a right angle with respect to the stalk or bent slightly
downward from the stalk at almost 90 degrees. The length of the tip of the caecum is very
close to the length of the stalk (Figure 6E).

The anterior edge of the first intestinal loop is somewhere between the 5th and the 7th
transverse vessel, most commonly at the 6th stigmatal row. The intestine loop and rectum
have variable orientations in these colonies: sometimes the rectum makes an obtuse angle
with the intestinal loop, or sometimes an acute angle, following the curve of the body. The
anus opens somewhere between the 6th row and the 7th transverse vessel, most commonly
at the 7th row. The anus opens at the same level or posterior to the first intestinal loop,
which is unusual in Botrylloides and Botryllus.

Ovaries were occasionally visible only in the CAGoM-2071 zooids. When present
with testes, the right ovary is anterior to the testis, while the left ovary is dorsal. Testes
were present in the CAGoM-2071 and CAGoM-2102 colonies. In all zooids, the left testis
overlaps the anterior—most intestinal loop and is anterior to the right testis. Testes had a
single follicle (regressed), all the way to 9 follicles (the biggest, pear-shaped). Buds were
present in all three colonies, attached to adult zooids.

Botryllus lambertorum sp. nov. (Figure 2, Figure 7 and Figure 17)
Holotype: CAGoM-2420, Bajo 10 Reef (ARMS), 7 m depth, 30 July 2019 col. Lilian

Palomino-Alvarez. Artificial substrate.
Paratype: CAGoM-2077, Bajo 10 Reef (ARMS), 7 m depth, 03 April 2019 col. Lilian

Palomino-Alvarez. Artificial substrate. CAGoM-2391, Bajo 10 Reef (ARMS), 7 m depth, 30
July 2019 col. Lilian Palomino-Alvarez. Artificial substrate.

Samples with barcode only and determined by species delimitation analysis are
as follows: CAGoM-2092 Bajo 10 Reef (ARMS), 7 m depth, 30 April 2019, col. Lilian
Palomino-Alvarez. CAGoM-2336, CAGoM-2372, Puerto Morelos (ARMS), 4 m epth, 26
July 2019, col. Lilian Palomino-Alvarez. CAGoM-2583, Bajo 10 Reef (ARMS), 7 m depth,
30 July 2019, col. Lilian Palomino-Alvarez.

Etymology: Named after Charles and Gretchen Lambert who devoted their careers to
advancing the fields of ascidian biology and taxonomy.

The colonies are about 5–7 cm across and less than 1 mm thick. Well-defined star-
shaped systems are separated from each other in a transparent tunic. Colonies from Bajo de
10 Reef were heavily fouled with an encrusting bryozoan. In life and preserved, colonies
are brown and white or bright yellow, due to the zooids’ color pattern. Pigment cells are
scattered in the body wall at low density (Figure 7A,B), dark brown in endostyle/anterior
regions, and light brown otherwise. Zooids also have two elongated patches of white
pigment on each side of the atrial languets, resembling the shape of a human tooth. The
vascular network is easily visible through the tunic, as well as long and thin light brown
ampullae in the margins of the colony (Figure 7C). The zooids are arranged in a “schlosseri-
type” configuration 35], each system with 9–14 zooids.

The average zooid length is 0.8 mm (Figure 7D). There are 10–12 oral tentacles of three
size orders variable in their position. In colony CAGoM-2391 there are small projections
(like papillae) that are smaller than the smallest oral tentacles and they are very common in
the pre-pharyngeal region. Zooids have four rows of stigmata on both sides of the body
and the second stigmatal row is dorsally complete on both sides. There are 11–12 stigmata
per half-row on each side of the body. On the right side, the stigmata are organized as
DL4v2-3v2-3v3-4E, while on the left side, DL3v2v3v3E.
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The stomach is cylindrical, with an unusual longitudinal axis orientation: it is oriented
vertically, with the cardiac end pointing toward the posterior end of the zooid. There are
seven stomach folds, with one wider than the others, which may be the result of two folds
that merged during development. The pyloric caecum is perpendicular with respect to the
longitudinal axis of the stomach, slightly curved with a swollen tip. The proximal intestine
continues along the posterior/anterior axis of the stomach before it angles downward to
form the intestinal loop and curves upward into the rectum. Usually, the anterior edge of
the intestinal loop is at the 3rd stigmatal row but in some zooids, it is at the 2nd row. The
anus position is quite variable with respect to the anterior edge of the intestinal loop and
usually opens at the 4th stigmatal row or transverse vessel.

Ovaries and testes are not present in these samples. Buds attached by vascular stolons
to adult zooids, sometimes on both sides of the body, are visible in the tunic. Their body
wall is not heavily pigmented, so internal organs are visible through the body wall.

Botryllus nortensis sp. nov. (Figure 2, Figure 8 and Figure 17)
Holotype: CAGoM-2283, Bajos del Norte (BN04), on dead coral and bryozoans, 18 m

depth, 21 July 2019, col. Lilian Palomino-Alvarez.
Etymology: This species was found in the Bajos del Norte reef, Yucatán Peninsula.
In life, the colonies are black due to zooid pigmentation (Figure 8A). After formalin

preservation, they turn brown (Figure 8B). Colonies are less than 1 mm thick. The tunic is
transparent, and the zooids are perfectly visible. The zooids are arranged in a “leachii-type”
configuration 35]: not all zooids are involved in the construction of the cloaca and the
systems are linear in shape. Finger-shaped ampullae line the margins of the colony.

The average zooid length is 1.2 mm (Figure 8C). Dark pigmentation exists throughout
the body wall but mostly in the anterior area. The oral siphon is a short tube with a smooth
margin and the atrial opening is reduced with a short atrial languet (the atrial languet could
also be missing). There are 10 very short oral tentacles of two size orders in the following
position: S S S L S L L L S. Zooids have 9 stigmatal rows on the right side, with the last
row sometimes with irregular stigmata, while the second row is dorsally incomplete on
the right side of the body. There are 16–18 stigmata per half-row on both sides with the
formula: DL5v3v3v5E on the right side, while on the left side: DL5v3v3v5E.

The stomach is small and globular with eight folds, the last smaller than the others.
The cardiac ends do not have swellings and the folds have longitudinal grooves (bisected
into two halves). The pyloric caecum is perpendicular to the stomach’s longitudinal axis
wall and slightly curved. It is 2/3 the length of the stomach (if not bent), and the tip is
round and swollen (Figure 8D). The anterior-most portion of the intestinal loop is often
horizontal and turns vertically into the rectum at a 90◦ angle. The anus opens at the 8th to
9th stigmatal row.

Ovaries and testes were not found. Buds were present, attached to adult zooids that
were located within the systems.
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Botryllus tunnelli sp. nov. (Figure 2, Figure 9 and Figure 17)
Holotype: CAGoM-2470, Bajo 10 Reef (ARMS), 7 m depth, 25 October 2019, col. Lilian

Palomino-Alvarez.
Paratypes: CAGoM-1570 Bajo 10 Reef (PIL), artificial substratepthm depth, 18 Febru-

ary 2019, col. Lilian Palomino-Alvarez. CAGoM-2034 Mahahual Reef (MPIL), artificial
substrate, 8 m depth, 01 March 2019, col. Lilian Palomino-Alvarez. CAGoM-2298 Puerto
Morelos Reef (PM01), on dead coral, 7 m depth, 15 July 2019, col. Lilian Palomino-Alvarez.
CAGoM-2506 Bajo 10 Reef, Artificial substrate, 7 m depth, 25 October 2019, col. Lilian
Palomino-Alvarez.
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Samples with barcode only and determined by species delimitation analysis are as
follows: CAGoM-01191 Cayo Arcas Reef (T-VIII), on dead-dead coral, 9 m depth, 23 April
2018, col. Lilian Palomino-Alvarez. CAGoM-2201 Alacranes Reef (ALA01), on dead coral
and sponges, 9m depth, 18 July 2019, col. CAGoM-2392, CAGoM-2396, CAGoM-2421,
Bajo 10 Reef (ARMS), 7 m depth, 30 July 2019, col. Lilian Palomino-Alvarez. CAGoM-
2574, Bajo 10 Reef (ARMSepthm depth, 12 February 2020, col. Lilian Palomino-Alvarez.
CAGoM-2586 La Bonanza Reef (ARMSE), artificial substrate (PVC), 4 m depth, 21 February
2020, col. Lilian Palomino-Alvarez. CAGoM-2654 Cozumel (COZ-01), on live coral, 8.2 m
depth, 27 August 2020, col. Lilian Palomino-Alvarez.

Etymology: In memory of Dr. Wes Tunnell, whose hard work, dedication, and endless
curiosity for the Southern Gulf of Mexico coral reef systems have contributed significant
knowledge to better understand and manage these complex ecosystems. Dr. Tunnell’s
unconditional support of the marine biodiversity research efforts in Mexico helped shape
the lives of many students and colleagues.

Colonies were attached to both coral debris and artificial substrate. In life holotype and
paratype had a dark brown colony with cream-colored patches, especially in the anterior
region around the oral siphons. One other colony was yellow with red patches in each
system. The zooids are arranged in a “schlosseri-type” configuration 35]. Zooids grow
right up to the edge of the colony and there are few peach-colored ampullae at the outer
edges of the colony, seen only in small sections of the zooid-free tunic (Figure 9A,B).

Many of the zooids were contracted, and six of the most relaxed zooids had an average
length of 1.2 mm. Zooids are pink-colored, and the body is heavily pigmented, so internal
structures are not easily visible from the outside; however, the pronounced atrial languets
are pigment-free (Figure 9C). Pigmented cells are spread evenly around the body wall at
low density. Orange pigment cells are clustered on either side of the endostyle. These
clusters correspond roughly to stigmatal rows, although there are sometimes fewer clusters
than rows. There were between 6–9 pairs of pigment clusters in these zooids, most often 7.
These pigment clusters corresponded to stigmatal rows 2–7, 2–8, 2–10, 2–11, or 3–8, most
often 2–8.

The eight oral tentacles are of two or three size-orders, with high variability in their
organization. The oral tentacles are large with respect to the size of the oral siphon, so they
overlap with each other and can be difficult to count. Each zooid has 8–9 rows of stigmata
on each side of the body (Figure 9D). The second row was only visible in a bud, being
dorsally incomplete on the right side, while it was not visible on the left side. There is an
average of 15 stigmata per half-row on the left side of the body, arranged in the following
formula: DL5v3v3v4E. On the right side, the stigmata between the dorsal lamina andthe
1st longitudinal vessel were not visible, but the other stigmata were arranged in a similar
way: DL?v3v2-3v4E.

The stomach is cylindrical, with eight folds, the last one occasionally smaller than
the others. The folds do not have longitudinal grooves but do have shallow longitudinal
ruts. The pyloric caecum is curled into a C-shape, and is long (would be longer than
the stomach if the caecum were not curved). The tip of the caecum is slightly swollen
(Figure 9E). The intestinal loop dips down to touch the cardiac portion of the stomach
before turning vertically into the rectum at an acute angle. The intestinal loop reaches
anywhere from the 6th to the 8th stigmatal row, most commonly the 7th row. The anus
opens anywhere from the 3rd to the 5th transverse vessel, most commonly at the 5th row.
This anus placement is further anterior than in most botryllid species unless the species
have zooids with 4 stigmatal rows.

The testes were present in CAGoM-2506 but with a single follicle each, the left one
overlapping the cardiac ends of the anterior-most stomach folds, while ovaries were not
visible. In two other samples not barcoded but taken from the same site and with similar
morphology (CAGoM-1570 and CAGoM-2034), the ovaries were anterior and dorsal to
testes on both sides of the body. They appear in first-order buds with one oocyte on
each side, but adult zooids have up to two developing embryos on each side of the body.
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Testes have 10 to 12 circular follicles of different sizes on each side. In all zooids, the
left testis overlaps the anterior-most intestinal loop and it is anterior to the right side
testis. One (CAGoM-2034) or two (CAGoM-1570) larvae were found on each side of the
body. In most of the colonies observed, the larvae were not well-developed and had
pigment spots, especially on the trunk. Due to this pigment, it was only possible to see four
ectodermal ampullae.

Botryllus unamensis sp. nov. (Figure 2, Figure 10 and Figure 17)
Holotype: CAGoM-2272 Bajos del Norte Reef (BN03), 17 m depth, 21 July 2019, on

dead coral, col. Lilian Palomino-Alvarez.
Paratype: CAGoM-0367 Cayo Arcas Reepthr), 1 m depth, 21 August 2016, col. Lilian

Palomino-Alvarez. Over dead coral. CAGoM-951 Cayo Arcas Reef (T-II), on coral, 7.6 m
depth, 23 April 2018, col. Lilian Palomino-Alvarez. CAGoM-2280 Bajos del Norte Reef
epth), 14 m depth, on dead coral, 21 July 2019, col. Lilian Palomino-Alvarez.

Samples with barcode only and determined by species delimitation analysis are as
follows: CAGoM-0376 Cayo Arcas Reef (PMX), 13 m depth, 21 August 2016, col. Lilian
Palomino-Alvarez. Platform. CAGoM-0980 Cayo Arcas Reef (T-XVII), 13 m depth, on dead
coral, 23 April 2018, col. Lilian Palomino-Alvarez.

Etymology: The name is dedicated to the institution “Universidad Nacional Autónoma
de México” (UNAM) for its significant role in the development of teaching, scientific re-
search, and the spread of culture in Mexico.

Living colonies are 3–4 cm long and ~1 mm thick. The zooids (10–12) are arranged in
systems with a “schlosseri-type” configuration 35]. In life, the zooids are dark (CAGoM-
2280) or orange (CAGoM-2272), easily visible through the transparent tunic. The surface
of the tunic shows a white network linking the oral siphons and cloacas (Figure 10A–C).
After formalin preservation, the colony appears reddish-brown with a light yellowish tunic
(Figure 10D).

Many of the zooids were contracted, and 20 of the most relaxed zooids had an average
length of 1.2 mm (Figure 10E). The reddish-brown zooids have white pigment around the
oral siphon. The body wall is heavily pigmented so that internal structures are not visible
from the outside of the zooid. Zooids in CAGoM-2280 have a low density of pigmented
cells spread evenly in the body wall and also clustered in a ring around the oral siphon.
Orange pigment cells are clustered on either side of the endostyle, corresponding roughly
to stigmatal rows but in very pigmented zooids, the number and location of the clusters
could not always be determined. There were between 6–8 pairs of pigment clusters, most
often 6, corresponding to stigmatal rows 2–7, 2–8, or 2–9, most often 2–7.

There are eight to nine oral tentacles of three size orders, in one of these two positions
(L S M S M S M S) or (L S M S L M S M). Each zooid has 9–10 rows of stigmata on the right
side of the body and 10 rows on the left side. The second row was only visible in the buds,
where there were no stigmata visible between the dorsal lamina and the first longitudinal
vessel. However, we believe that stigmata might still appear in this space in fully grown
zooids, given there were stigmata between the second and third longitudinal vessels, and
the lack of stigmata usually extends into this space when the row is incomplete. There are
approximately 14–15 stigmata per half-row on the right side, with the following formula:
DL5v2-3v3v4E. On the left side, stigmata between the 2nd and 3rd longitudinal vessels
were not visible, and thus we present a partial formula: DL5v3v?v4E.
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Figure 10. Botryllus unamensis sp. nov. (A–C) Live colonies on natural substrate (Dead coral)
(D) Detail of a preserved colony showing dark spots on both sides of the endostyle (E) Left side view
of a zooid (F,G) Detail of abdomen: variation of the stomach and caecum.



Diversity 2022, 14, 977 21 of 39

The stomach is short and cylindrical with eight folds, almost always of the same size.
The pyloric caecum is curved into a C-shape and is long (would be
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the length of the
stomach if the caecum was not curved) (Figure 10F,G). The caecum projects perpendicular
to the longitudinal axis of the stomach, but in CAGoM-367 it is bent towards the intestinal
loop, and the tip is visible on the other side of the body. Usually, the width of the caecum
is uniform but in some zooids, the tip is slightly swollen. The first loop of the intestine
is closed, and the anterior edge of the loop is at the 8th or the 9th row of stigmata, while
the medium portion of the intestine is almost parallel to the stomach. In CAGoM-367
zooids, the middle of the intestine is perpendicular to the stomach. Then the intestine
bends vertically forming the rectum and the anus opens at the 6th, 7th, or 8th row, usually
one row more anterior to the edge of the first intestinal loop.

Ovaries were not visible in zooids. A testis was visible in a single zooid of CAGoM-
2280, on the left side of the body with a single follicle. This testis was just anterior to the
intestinal loop. Buds were present in the colony, attached to adult zooids.

Genus Botrylloides Milne Edwards, 1841
Botrylloides alacranensis sp. nov. (Figure 2, Figure 11 and Figure 17)
Holotype: CAGoM-2227, Alacranes Reef (ALA04), on dead coral, 7 m depth, 18 July

2019, col. Lilian Palomino-Alvarez.
Paratypes: CAGoM-2270, Bajos del Norte Reef (BN02), on dead coral, 10 m depth, 20

July 2019, col. Lilian Palomino-Alvarez.
Samples with barcode only and determined by species delimitation analysis are as

follows: CAGoM-2261, Bajos del Norte Reef (BN01), 10 m depth, 20 July 2019 col. Lilian
Palomino-Alvarez. Dead coral.

Etymology: The holotype was found in Alacranes Reef, Yucatán, which is the largest
coral reef within the Gulf of Mexico and a biodiversity hotspot in the region.

In life, the colonies are greenish and appear as meandering lines (Figure 11A) because
zooids are arranged in a “leachii-type” configuration 35]. After formalin preservation, the
colonies are brick-red (Figure 11B,C). Both colonies are 1 mm thick. In CAGoM-2227, there
are sections in the colony without zooids and these areas are larger than cloacal openings
would normally be. Finger-shaped ampullae line the exterior of one half of the colony, with
three color patterns when preserved: (1) peach-colored, (2) yellow, and (3) dark purple at
the base but missing from the tips. The zooids are yellow with gold pigment clusters in
the anterior half, while the posterior half has a transparent body wall. Additionally, there
are brick-red pigment cells scattered across the body wall at low density, in clusters evenly
spaced forming a wide ring around the oral siphon, and clustered on either side of the
endostyle, corresponding roughly to stigmatal rows although these clusters are smaller
and more diffuse than the orange pigment clusters in other botryllid species. Buds have
orange and purple pigment cells spread at low density throughout the body wall.

In the colony CAGoM-2270, the preserved zooids’ body walls are translucent and
a section of the reddish-brown pharynx is visible. The anterior and posterior regions of
the zooid are colored pinkish, in contrast to the reddish-brown center. The endostyle is
outlined in brick-red pigment. As in CAGoM-2227, brick-red pigment cells are scattered
across the body wall at low density, but in contrast, the brick-red pigment cells are not
visible around the oral siphon or clustered on either side of the endostyle.

The average zooid length is 1.55 mm in CAGoM-2227 and 1.62 mm in CAGoM-
2270 (Figure 11D). In both colonies, the oral siphon is more pronounced than in other
Botrylloides and Botryllus, and the anterior portion of the zooid surrounding the oral siphon
is concave. In CAGoM-2270, the oral siphon is split into thin projections, giving the siphon
the appearance of a crown. In both colonies, the atrial opening of the zooids is very large,
and the dorsal lip is bowl-shaped. There are eight oral tentacles of three size orders. Zooids
have 11–12 stigmatal rows on the right side of the body, with the last row sometimes
irregular, while the second row is dorsally complete on both sides. There are 15–17 stigmata
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per half-row on each side of the body, with the following formula DL5v3v3v4 E on the right
side, and DL5v3v3v4E on the left.
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The stomach is conical, meaning that the cardiac end is wider than the pyloric end,
with most often nine folds (eight in some zooids) and the last one occasionally smaller than
the others. The folds do not have longitudinal grooves and the cardiac ends are swollen.
The pyloric caecum is at a perpendicular angle to the longitudinal axis of the stomach. It
is small,
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to 1/3 the length of the stomach, and the tip of the caecum is slightly swollen
(Figure 11E). The first intestinal loop is closed, with the descending section touching the
cardiac portion of the stomach before turning vertically into the rectum at an obtuse angle.
The anterior edge of the first intestinal loop is anywhere from the 8th to 11th transverse
vessel. The anus opens anywhere from the 7th to 10th stigmatal row and most often the 9th
row and the position is quite variable with respect to the anterior edge of the intestinal loop.

Ovaries were not found. Most of the testes had a single follicle, although one testis
had three. Buds were present in CAGoM-2227, attached to adult zooids.

Botrylloides ampullarius sp. nov. (Figure 12)
Holotype: CAGoM-2425, Bajo 10 Reef (ARMS), growing on a blade of macroscopic

algae, 7 m depth, 30 July 2019, col. Lilian Palomino-Alvarez.
Paratypes: CAGoM-1497, CAGoM-1542, Bajo 10 Reef (ARMS), 7 m depth, 18 Febru-

ary 2019, col. Lilian Palomino-Alvarez.
Samples with barcode only and determined by species delimitation analysis are as follows:

CAGoM-2420, Bajo 10 Reef (ARMS), 7 m depth, 30 July 2019, col. Lilian Palomino-Alvarez.
Etymology: The name of the species is due to the large number of ampullae in colonies.
In life, the colony is brown with some yellow, and it is 1–2 mm thick (Figure 12A).

The zooids are arranged in a “schlosseri-type” configuration 35]. There were 6–7 zooids
in each system, all sharing a cloaca. Vascular networks with ampullae are visible on the
underside of the colony. Finger-shaped ampullae are dense along the margin of the colony,
and circular ampullae appear in a more interior region of the colony than the finger-shaped
ampullae. After formalin preservation, the colony is dark brown to black. Ampullae are
dull gold or yellow/brown (Figure 12B,C). There are two other colonies (CAGoM-1497
and CAGoM-1542) without barcode sequences collected in the same location with similar
morphological characteristics to the type specimen (CAGoM-2425): those colonies are
purple with orange and with 8–12 zooids in each oval system.

The average zooid length is 1.48 mm (Figure 12D). The zooid body wall is covered
with yellow pigment cells, either at high or low density, but this pigment is light enough
that the internal structures are visible from the outside. The atrial languet nearly always
has yellow and brown pigment cells at high density. Dark pigment cells are often found
in clusters around the oral siphon, in the atrial languet of some zooids, in the body wall
more commonly on the dorsal than the ventral side, and are nearly always found in
transverse vessels.

The eight oral tentacles are of two size orders, alternating. Given that this is difficult
to see, other arrangements may exist. Each zooid has 9–10 rows of stigmata on each side of
the body, most commonly 9. The second row is dorsally complete on the left side, but not
visible on the right side. There are 14–15 (more often 15) stigmata per half-row on the right
side of the body in the following arrangement: DL5v3v2-3v4E, while on the left side 14
stigmata are more common with the following arrangement: DL4-5v3v3v3-4E.

The stomach is conical, with folds swollen and dark at the cardiac end. There are
eight stomach folds, with the 8th fold commonly smaller than the others. The small pyloric
caecum is a stalk with a moderately swollen tip, projecting at a perpendicular angle to
the longitudinal axis of the stomach (Figure 12E). The intestinal loop dips down to touch
the cardiac portion of the stomach before turning vertically at an acute angle to form the
rectum. The anterior edge of the first intestinal loop is anywhere from the 7th to the 8th
transverse vessel, most commonly at the 7th. The anus opens most commonly two rows
anterior to the first intestinal loop, anywhere from the 5th transverse vessel to the 7th row
of stigmata, most commonly at the 6th row.

Ovaries and testes were not found in this colony. Buds were present, attached to adult zooids.
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Botrylloides catalitinae sp. nov (Figure 2, Figure 13 and Figure 17)
Holotype: CAGoM-2212, Alacranes Reef (ALA02), on algae, 6 m depth, 18 July 2019,

col. Lilian Palomino-Alvarez.
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Paratypes: CAGoM-0955, Cayo Arcas Reef (T-II), on coral, 7.6 m depth, 23 April 2018,
col. Lilian Palomino-Alvarez. CAGoM-2234, Alacranes Reef (ALA05), on dead coral, 12 m
depth, 20 July 2019, col. Lilian Palomino-Alvarez. CAGoM-2254, Alacranes Reef (ALA07),
on dead coral, 9 m depth, 19 July 2019, col. Lilian Palomino-Alvarez.

1 
 

 
Figure 13. Botrylloides catalitinae sp. nov. (A–C) Live colonies on natural substrate (Sponge) (D) Detail
of one preserved colony showing the vascular system with ampullae (E) Left side view of a zooid
(F) Detail of the abdomen region.
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Samples with barcode only and determined by species delimitation analysis are as
follows: ARC06, CAGoM-0393, CAGoM-0394, Cayo Arcas Reef (ZR), artificial substrate,
7 m depth, 23 August 2016 col. Lilian Palomino-Alvarez. CAGoM-0955, Cayo Arcas Reef (T-I),
on coral, 2.6 m depth, 21 April 2018, col. Lilian Palomino-Alvarez. CAGoM-1150 Cayo Arcas
Reef (TEX-1, on coral, 4 m depth, 19 August 2018, col. Lilian Palomino-Alvarez. CAGoM-2434,
Bajo 10 Reef (ARMS), 7 m depth, 25 October 2019, col. Lilian Palomino-Alvarez.

Etymology: In memory of Catalina San German, an extraordinary woman and exam-
ple of life who supported the first author.

Colonies are very irregular in shape, 1–2 mm thick, and grow on dead coral or sponge,
with sections covered with coral fragments or algae. The zooids are arranged in a “leachii-
type” configuration 35] around large and circular cloacas, slightly raised from the surface
of the colony. In the living colony, the atrial languet is yellow and the anterior ventral
region of the zooid is white or gray and white, giving the colony a general gray color with
patches of yellow and white. All the color is from the zooids, the tunic being an uncolored
and transparent membrane (Figure 13A–C). After formalin preservation, the colony is dark
brown and zooids are yellow or brown, opaque in the anterior region, and transparent
posteriorly. In CAGoM-2254, clusters of orange pigment cells are also present on either side
of the endostyle, corresponding roughly to stigmatal rows. These clusters start at row 2
and end between rows 6 and 11, most commonly 7 or 8. These orange pigment cells were
not visible in CAGoM-2212, CAGoM-2234, or CAGoM-0955 but were likely obscured by
the presence of dark purple pigment cells. Vascular networks with numerous ampullae are
visible on the underside, between systems, and along the margin of the colonies. CAGoM-
2212 has unusually long ampullae along the margin of one side of the colony, as long as
the zooids in some cases (Figure 13D), while CAGoM-2254 contains a 4 × 5 mm section in
the margin of the colony filled with ampullae but no zooids. The numerous ampullae in
preserved colonies range in color from white to peach or dark brown.

Adult zooid length is 1.5–1.9 mm (Figure 13E). The eight oral tentacles are of three
size-orders, in one of these two dispositions: L S M S M S M S or L S M S L M S M. There
are 10 to 12 rows of stigmata and always more rows on the right than on the left side. The
second row is dorsally incomplete on the left side, and we could not confirm if this is the
case on the right side due to the pigmentation of the body. There are usually 14–15 stigmata
per half-row on both sides with the following formula: DL5v3v3v3-4E.

The stomach lays horizontally and there are 8–9 stomach folds, with the 9th fold
always smaller than the others. The folds are not well marked along the complete length of
the stomach but form conspicuous elongated dilations in the cardiac end. The small pyloric
caecum is digitiform, projecting from a wide typhlosole at a slight angle (Figure 13F). The
primary loop is shallow and most of the intestine runs parallel to the stomach, but the
end of the loop touches the cardiac portion of the stomach before turning vertically into
the rectum. The anterior edge of the first intestinal loop is anywhere between the 10th
and 11th transverse vessel, most commonly at the 11th. The anus is smooth and opens
anywhere from the 8th to the 11th row of stigmata, most commonly at the 11th, at the
posterior margin of the atrial aperture.

Ovaries and testes were not seen together in the same zooid. Among 30 dissected
zooids from CAGoM-2254, a single ovary was seen, on the right side of the body. The testis
with 12–16 pear-shaped follicles was visible in CAGoM-0955. The posterior portion of this
testis overlapped with the anterior-most intestinal loop. Buds were present, attached to
adult zooids.

Botrylloides niger Herdman, 1886
Samples with barcode only and determined by species delimitation analysis are as

follows: CAGoM-0372, Cayo Arcas Reef (Pr), artificial substrate, 1 m depth, 21 August
2016 col. Lilian Palomino-Alvarez.

This is a well-known species and will not be described here.
Genus Symplegma Herdman, 1886
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Symplegma papillata sp. nov. (Figure 2, Figure 14 and Figure 17)
Holotype: CAGoM-2271, Bajos del Norte Reef (BN03), 15.7 m depth, 20 July 2019 col.

Lilian Palomino-Alvarez. Dead coral.
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Etymology: The name of the species is due to the presence of various papillae in the
prepharyngeal area, which is uncommon in this genus.

In life, the tunic is transparent and the zooids are perfectly visible with yellow pigment
in the ventral (throughout the endostyle) and dorsal area, between the siphons, and between
the rows of stigmata (Figure 14A,B). After formalin preservation, the zooids are yellow but
still transparent. The vascular network is visible in the tunic, and contains pigment cells
that are the same color as the zooids.

The average zooid length is 2.4 mm (Figure 14C,D). There are 12 oral tentacles of three
size-orders. The dorsal tubercle area is in the form of a wide and deep “V” with five or more
small papillae posterior to the tubercle aperture (Figure 14E). The right side of the zooid
has 11 rows of stigmata and the left side has 10. The second row is incomplete on the right
side (undetermined on the left). There are 20 stigmata in each half row: DL4v4v4v4v4E
(right side) and DL4v4v4v4v4E (left side).

The abdomen is small and posterior. The stomach is globular with six folds, two of
them shorter and near the pyloric caecum. The pyloric caecum is C-shaped, small (
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the
length of the stomach if it was not bent), and the tip is not swollen (Figure 14F). There
are connections between the curve of the caecum and the middle of the intestine and
between the caecum tip and the stomach. Sometimes the anus opens at the same level as
the intestinal loop or one row of stigmata posterior to that level. The base of the rectum is
not isodiametric as it twists away from the stomach. Testes and ovaries are not visible in
this colony.

Symplegma sisalensis sp. nov. (Figure 3, Figure 15 and Figure 17)
Holotype: CAGoM-02404, Bajo de 10 Reef (ARMS), 7 m depth, 30 July 2019 col. Lilian

Palomino-Alvarez. Artificial Substrate.
Paratype: CAGoM-02424, Bajo de 10 Reef (ARMS), 7 m depth, 30 July 2019 col. Lilian

Palomino-Alvarez. Artificial Substrate.
Samples with barcode only and determined by species delimitation analysis are as

follows: CAGoM-02094, CAGoM-02099, CAGoM-02133 Bajo de 10 Reef (ARMS), 7 m depth,
03 April 2019 col. Lilian Palomino-Alvarez. Artificial Substrate. CAGoM-02382, Bajo de 10
Reef (ARMS), 7 m depth, 30 July 2019 col. Lilian Palomino-Alvarez. Artificial Substrate.

Etymology: The name of the species is dedicated to the locality of the species, the old
village of Sisal in Yucatán, México.

The colony is delicate, with an uncolored tunic, turning the magenta zooids perfectly
visible (Figure 15A,B). The finger-shaped ampullae that line the margins of the colony
have the same pigmentation. After formalin preservation, the colony appears pink with a
yellowish, opaque tunic; the ampullae contain both white and peach-colored pigment cells
but are lighter colored than the zooids, as is common in preserved colonies. The vascular
network is easily visible in the sections of the colony that lack zooids. Fragments of coral,
bryozoan, or circular serpulid tubes are embedded in the base of the colony.

The average length of three relaxed zooids was 2.07 mm (Figure 15C,D). There are
at least 16 oral tentacles, in two size categories; the longer is twice as long as the shorter.
The peritubercular area resembles a calyx with three vertical bars and the dorsal tubercle
aperture at the tip of the middle bar (Figure 15E). Each zooid has 12 stigmatal rows on the
right side, with the second row dorsally incomplete (the second row on the left side was
not visible). There are ~24 stigmata per half-row, with the following formula on the right
side: DL5-6v4-5v4v4v6E, and on the left side: DL5v4-5v4-5v4v5E and the first dorsal vessel
of the left side touches the dorsal lamina at the level of the 6th–7th row.

The stomach is square-shaped and flat with 10–17 stomach folds, most often 16 with 8 on
each side. There is a large curved pyloric caecum (
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2019, col. Lilian Palomino-Alvarez. 

Etymology: The name of the species is due to the unusual hooked shape of the 
caecum. 

Sample CAGoM-2266 was growing on coral and sponges. Colonies are about 4–5 cm 
across and 2 mm thick. The zooids are arranged in a “schlosseri-type” configuration 35]. 
In life, the colony CAGoM-2257 was dark and translucent with white dots on the ventral 
and dorsal sides of the oral siphon, while CAGoM-2266 was orange and translucent, and 
CAGoM-2207 was white with red atrial languets that form the ceiling of the cloaca (Figure 
4A). After formalin preservation, all colonies appear light brown (Figure 4B,C). 

the length of the stomach if the caecum
were not curved) with a moderately swollen tip, and two tissue connections to the intestinal
loop (Figure 15F). The stomach and intestine together take up half the portion of the left body
cavity. The first intestinal loop can reach all the way to the 5th or 6th stigmatal row.
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Figure 15. Symplegma sisalensis sp. nov. (A,B) Live colonies on the artificial substrate (PVC) (C) Dorsal
view of preserved zooid (D) Ventral view of a preserved zooid (E) Peritubercular area (F) Detail of
the abdomen region.
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Ovaries were not visible, while the testes were well developed, between the 5th and
7th row of stigmata on the right side and the 3rd and 5th rows on the left side. There are
5–7 marked pear-shaped testis lobes in each half. Buds were not visible in the colony.

Symplegma sp. (Figures 16 and 17)
Holotype: CAGoM-2104, Bajo de 10 Reef (ARMS), 7 m depth, 03 April 2019 col. Lilian

Palomino-Alvarez. Artificial Substrate.
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Figure 16. Symplegma sp. (A) Living colony on artificial substrate (PVC) (B) Preserved colony (C) 
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Figure 16. Symplegma sp. (A) Living colony on artificial substrate (PVC) (B) Preserved colony
(C) Left side view of a zooid (D) Peritubercular area (E) Detail of the abdomen region.

The colony has a thin and transparent tunic and the zooids are perfectly visible through
the surface. Zooids are purple with a yellow triangle dorsally and two additional small
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pigment clusters on each side anterior to the oral siphon. The vascular network is visible
in the tunic and contains pigment cells the same color as the zooids. The ampullae are
finger-like and contain purple pigment cells only (Figure 16A). After formalin preservation,
the colony is golden yellow (Figure 16B).

The average zooid length is 1.4 mm (Figure 16C). Zooids are opaque, with a yellow
stomach and white intestine faintly visible through the body wall. There is often a diffuse
white substance in the body wall in the center of the zooid which disappears with staining.
There are at least 12 oral tentacles of three size orders. The oral tentacles have a narrow base
and are long and curved. The dorsal tubercle has a round aperture in the center of a swollen
region (Figure 16D). The right side of the zooid has 9 stigmatal rows. The formula of the
stigmata on the right side is DL5v?v4v4v4-5E, while on the left side it is DL5v?v5v3-4v4E.
The 1st longitudinal vessel connects with the dorsal lamina at either the 4th transverse
vessel or the 5th stigmatal row.

The stomach is elongated with most often 9, sometimes 10 stomach folds. The pyloric
caecum rises at the posterior end of the stomach at a perpendicular angle to the typhlosole.
The pyloric caecum is medium-sized (
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type” can appear oval. In life, colony CAGoM-2071 was rose-colored and colony CAGoM-
2102 was purple with brown, but a variety of colors was observed in this species, such as 
pink and orange with brown. After formalin preservation, colonies CAGoM-2071 and 
CAGoM-2407 are tan/light brown, whereas colony CAGoM-2102 is reddish-brown. 

Zooids were in various states of relaxation, although none were fully relaxed. A small 
number of zooids, the most relaxed, from each colony were measured with an average 
length of 1.16 mm. Removed from the tunic the zooids are yellow, but the body wall is 
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the length of the stomach if it was not bent) and
bent at a right angle half along its length, with a tip that is not swollen. It has a single tissue
connection between its tip and the intestinal loop. The first and second intestinal loops are
very close, the first reaching the 6–8th stigmatal row while the anus opens at the 4th or 5th
row. The anus position is quite variable with respect to the anterior edge of the intestinal
loop, always 1–4 rows ahead.

Testes and ovaries were not visible in this colony. Buds were present, with the same
color as the zooids in living colonies.
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4. Discussion
4.1. Phylogenetic Relationships

Considering the botryllid sequences available together with the sequences that we
have produced in this study, the Bayesian tree (Figure 17) and the Maximum Likelihood
tree (Supplementary Figure S2) have very similar topologies: all the results described here
are relevant to both trees.

Botryllus unamensis sp. nov. is in a clade with B. tunnelli sp. nov. and a Botryllus
sp. collected in Miami, Florida, USA (MW285096). A larger clade including this one also
includes B. hartensis sp. nov., a Botryllus sp. from Bocas del Drago, Panama (MW817934),
and a Botrylloides cf. anceps from Melbourne, Australia (MT873573). The placement of the
Panamanian sequence in this clade is significant because, in a nuclear phylogenomic tree
of Botrylloides and Botryllus, it was the only Botryllus in the Botrylloides clade, rendering
Botryllus paraphyletic with respect to Botrylloides [9]. Botryllus unamensis sp. nov. and
B. tunnelli sp. nov. were not in that phylogenomic tree, and their inclusion will provide
information about whether Botryllus is paraphyletic with respect to Botrylloides.

The third and last Botryllus clade that appears in the tree consists of two subclades,
the first formed by B. bonanzus sp. nov., B. lambertorum sp. nov., Botryllus primigenus OTU
2S from Shimoda, Japan (LR828374), and Botryllus tuberatus from Los Angeles, CA, USA.
The type locality of B. tuberatus is southern California [36], and since neither new species
matched the barcode of the southern California species, we will not consider either of these
clades to be B. tuberatus. Further, there are morphological differences that will be discussed
later. The second subclade is formed by B. camur sp. nov. and samples of Botryllus sp. from
the Philippines (MT232733 and MW817932) and Heron Island, Australia (MT232726). In
another phylogenomic study, those sequences were grouped within the earliest branching
lineage in the tree [9]. Botryllus nortensis sp. nov. and B. humilis did not group with any
other species in this tree.

The only Botrylloides clade formed includes B. catalitine sp. nov. and Botrylloides sp.
from the Florida Keys (MT232730), which was grouped with a sequence from the Bahamas
in a phylogenomic tree [9]. Botrylloides alacranensis sp. nov. did not have well-supported
relationships with any other taxa in the mtCOI tree and B. ampullarius did not appear in the
tree because the sequences obtained were too short.

The only clade supported for Symplegma grouped apillateata sp. nov. and Symplegma
sp. and no relationship was observed with either S. rubra or S. brakenhielmi.

4.2. Taxonomic Remarks

Two of our species had 98–100% identity to existing species on GenBank, and were
identified as B. niger and B. humilis, identification later confirmed by morphological charac-
ters. None of the remaining species had close matches to any sequences on GenBank, nor
did their morphologies match any existing descriptions in the literature, and they have
been described here.

4.3. The genus Botryllus

The main morphological characteristics of Botryllus are: the usual formation of circular
or oval systems of the zooids around the cloaca in the colony, the cylindrical shape of
the stomach with a long pyloric caecum, and the ovary positioned dorsal or anterior
to the testis (when gonads are present). There are 33 valid species worldwide [37], of
which, B. planus, B. primigenus, B. pumilus, B. schlosseri, B. tabori, and B. tuberatus are species
reported from the Atlantic Ocean. Botrylloides magnicoecus also has a large caecum and a
cylindrical stomach despite its current position in the Botrylloides genus [38], and should
therefore be considered among the Atlantic Botryllus species. Moving beyond the Atlantic
species, there are two other Botrylloides that have a small stomach with a large caecum and
should also be included in a Botryllus discussion: B. conchyliatus Ekins, 2019 and B. tyreus
Herdman, 1886. Two of the new species described here have very long curved caeca,
as in B. conchyliatus, B. magnicoecus, and B. tyreus. There is a mtCOI sequence available
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for B. conchyliatus, and it does not match any of the southern Gulf of Mexico sequences.
Further both B. conchyliatus and B. tyreus have more than 14 rows of stigmata [39,40], and
none of the southern Gulf of Mexico species have more than 14 rows (Table 1). Botryllus
hartensis sp. nov. differs from B. magnicoecus by the larger number of stigmata in a row
(12–13 against 10), a stomach with 8 folds (instead of 9), a slightly swollen caecum tip,
and an anus at the 4–5th row of stigmata (instead of 8th) (Table 1). B. tunnelli sp. nov.
differs from B. magnicoecus by the larger number of stigmata in a row (15 against 10), the
second row dorsally incomplete, a stomach with 8 folds (instead of 9), a slightly swollen
caecum tip, and an anus at the 3–5th row of stigmata (instead of 8th). B. unamensis differs
from B. magnicoecus because the systems of zooids are circular instead of meandering, the
second row of stigmata does not reach the dorsal lamina, and there is a larger number
of stigmata per half row. B. magnicoecus was previously reported in the southern Gulf
of Mexico in Bajo 10 Reef [41]; however, only one colony was found with 15 zooids and
most characteristics agree with B. tunnelli sp. nov.: 8–9 rows of stigmata, 12–14 stigmata
per half row (DL4v3v3v4E), stomach with 8–9 folds and pyloric cecum almost the size of
the stomach with a swollen and large tip. However, the size of the zooids (up to 3 mm),
number of oral tentacles (only 7–9 small tentacles in one size were seen), and color of the
zooids (the anterior region of the zooids have brown pigment (see Figure 4 in [41]), differ
from B. tunnelli.

Botryllus planus is another species with a very long and curved caecum. It was regis-
tered in Bermuda, Florida, and Curaçao by Van Name [42,43]. The main difference between
this species and both B. hartensis sp. nov. and B. tunnelli sp. nov. is the larger number of
rows of stigmata (11–13 against 8–9) and the posterior position of the anus which is surpris-
ingly anterior in both new species. The samples registered by Monniot [44] in Guadeloupe
differ both in the color of the living colony, incompleteness of the second row of stigmata,
fewer rows of stigmata, and stomach folds, and its identification should be revised.

Botryllus primigenus and B. tuberatus are species originally described from the Pacific
Ocean [35,45] that have small zooids with few rows of stigmata (4–5) as the new species
B. bonanzus, and B. lambertorum. In the phylogenetic tree, B. bonanzus and a sequence
identified as B. primigenus are sister groups, and indeed both species have circular systems
of few zooids with a short caecum, but the caecum is bent in the former and straight in the
latter. Additionally, B. bonanzus has only 13 stigmata in each half row with the second row
dorsally incomplete, while B. primigenus has 18, and all complete [45]. Botryllus lambertorum
is differentiated from the other species in this clade by the usually larger number of zooids
per system, the smaller number of stigmata per half row, and a large curved caecum
(Table 1). Although in a sister clade to the clade just discussed, B. camur a short and curved
caecum, but not dilated in the tip. B. tuberatus has been found globally, including in the
Caribbean, the Atlantic coast of Brazil, Mozambique, India, and throughout the Western
Pacific and it is likely that other species having four rows of stigmata have been incorrectly
called B. tuberatus [46] and this species description should be revised.

Botryllus nortensis has the following unique group of characteristics: a black colony
with elongated systems of zooids, a larger number of stigmata in each half row (18–20), the
second row with very few dorsal stigmata between the first dorsal vessel and the dorsal
lamina, and a small and curved caecum with a round tip (Table 1).
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Table 1. Tabular identification key of Botryllus and Botrylloides species of the Atlantic Sea.

1 2 3 4 5 6 7 8 8 9 10 11 12 Ref.

Botryllus planus (Van
Name, 1902) E Bl, D, P,

Y P, B ? 1.5–1.7 8 11–13 C 15 9–10 L C, T 9 42, 43

Botryllus tabori
Rodrigues, 1962 E Ro Y 5–28 1.0–1.5 8–10 9 C 12 9 L B 4 51, 52

Botryllus nortensis
sp. nov. E D B ? 1.2 10 9 I 16–18 8 S C, T 8–9

Botryllus humilis
Monniot, 1988 E, C G, V V ? 1.5–2.0 12 8–11 I 14–16 8–9 L B, T 6–7 49

Botryllus primigenus
Oka, 1928 C Bl, P, D ? 5–9 1.0 10 4 C 18 ? S S, T 3 45

Botryllus tuberatus
Ritter &

Forsyth, 1917
C Bl 3–10 0.8 16 4 C 14 7 S B 3 35

Botryllus bonanzus
sp. nov. C ? R, B 3–4 0.8 10 4 I 13 7–8 L B, T 3–4

Botryllus lambertorum
sp. nov. C B, Y, W B, Y, W 9–14 0.8 10–12 4 C 11–12 7 L C, T 4

Botryllus camur
sp. nov. C D, O B ? 1.0 6 13–14 C 13–14 8 S, L C 3–4

Botryllus hartensis
sp. nov. C P Rd, B ? 1.1 8 8–9 C 12–13 8 L C, T 4–5

Botryllus unamensis
sp. nov. C Rd B 10–

12 1.2 8–9 9–10 I 14–15 8 L C 6–8

Botryllus tunnelli
sp. nov. C B, Y ? ? 1.2 8 8–9 I 15 8 L C, T 3–5

Botrylus schlosseri
(Pallas, 1766) C

V, Gr,
Y, D,
Rd

D 3–20 1.5 8–16 8 I 16 7–10 S S, T 7–8 3, 19,
43

Botryllus pumilus
(Monniot, 2016) C ? U ? 1.7–1.8 ? 12–13 C ~16 9 L B, T ? 53

Botrylloides
ampullarius sp. nov. C B, Y B, D, Bl 6–12 1.5 8 9–10 C 15 8 S S, T 6

Botrylloides
magnicoecus

(Hartmeyer, 1912)
E B B ? 1.2–1.4 8–12 9 C 10 9 L C 8 37

Botrylloides
alacranensis sp. nov. E Gr R ? 1.5–1.6 8 11–12 C 15–17 8–9 S S, T 9

Botrylloides catalitinae
sp. nov. E G, Y, W D, B ? 1.5–1.9 8 10–12 I 14–15 8–9 S S 11

Botrylloides niger
Herdman, 1886 E DP, O,

W D 12 1.5–2.0 4 10–11 C 15 8–9 S S, T 8 42, 43

Botrylloides leachii
(Savigny, 1816) E Rd, Y,

W ? 10–
30 1.5–3.0 8–16 9–15 I 10–16 9–11 S S, T 8–10 54, 55

Botrylloides violaceus
Oka, 1927 E B, O, Y,

Gs ? ? 2–3 8 10–14 I 14–16 8–9 S, L B, T 7 3, 56

Botrylloides giganteus
(Pérès, 1949) E, I B, Rd,

R, Vi B, Rd ? 2–4 18–30 12–23 C 11–15 9 S S 7–11 52, 57

Botrylloides aureus
Sars, 1851 E, I ? P, R, D ? 3 16 11–15 C 18–20 8 S S, T 6 43, 54

1. Systems C. “Schlosseri type”: Circular or oval; E. “Leachii type”: elongate or double-row, I. Irregular. 2. Color of
the living colony: B. Brown; C. Cream; D. Dark; Gs. Greenish; G. Gray; Gr. Green; P. Purple; Rd. Red; R. Reddish
orange; Ro. Rose; Vi. Violet; Y. Yellow; V. Variable, W. White. 3. Color of the preserved colony: P. Purple; B. Brown;
Bl. Black; G. Greenish; Y. Yellow; D. Dark U. Uncolored; R. Red. 4. Number of zooids per system. 5. Size of zooids
(length in mm). 6. Number of oral tentacles. 7. Number of stigmata rows. 8. Number of stigmata per side in a
middle row. 9. Number of folds in the stomach wall. 10. Caecum size: L. Large (≥3/4 the length of the stomach);
S. Short (≤1/2 the length of the stomach). 11. Caecum shape: B. Bent; C. Curved; St. Straight; T. swollen tip. 12.
Row of stigmata at the level of the anus.

Botryllus humilis was described by Monniot [2] from New Caledonia material, and he
stated that this new species resembled the colonies from the Tropical West Atlantic (Guade-
loupe [44]), but given those colonies were identified under B. magnicoecus and the doubt about
this identification, he preferred to create a new species for New Caledonia material. The
species has been found subsequently in other sites in New Caledonia [8] and more recently in
Israel (as B. anceps, [34]). Mexican samples match both descriptions [8,34], with the exception
that in New Caledonia zooids are a little longer and have 10–11 stigmatal rows [8], while
Israeli [34] and Mexican zooids have 8–9 rows. Israeli zooids have 10–11 stomach folds while
Mexican and New Caledonian zooids have 8–9. The characteristic pigmented spots on the
atrial languet and on both sides of the oral siphon appear in all three populations.

Brunetti [34] wrongly identified Israeli samples as Botrylloides anceps (Herdman 1891)
and further synonymized Botryllus humilis with this species without explanation, although
there are clear differences between those species. Botrylloides anceps has been described by
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Herdman in 1891 [47] in a very unusual manner, using characters in an identification key.
By his account, it belonged to the genus Sarcobotrylloides characterized by thick colonies
with gelatinous and rather solid tunic, long or elliptical systems forming branched and
anastomosing lines, zooids cylindrical and dense, abdomen posterior to the pharynx
and gonads on both sides near the posterior end of the body. Sarcobotrylloides anceps
would be a species from Australia with 16 oral tentacles and a caecum (not described).
Comparing B. anceps with B. humilis, we observe that B. anceps has bright colors (purple,
pink, yellow, and white) and thick colonies (~3 cm), sometimes conical with a peduncle,
while B. humilis has colonies of pale colors which are not so thick. In B. anceps zooids have
16 oral tentacles, 10–12 stigmatal rows, all complete with 11–14 stigmata in a half row,
and a long curved isodiametric caecum [3,38,48], while in B. humilis zooids have 12 oral
tentacles, 10–11 stigmatal rows, the second incomplete, with 15–16 stigmata in a half row,
and a caecum that bends at a right angle with a swollen tip [49]. Additionally, descriptions
of B. anceps from Australia never mention the pigmented spots on the atrial languet and
oral siphons, present in B. humilis.

Botrylloides anceps has also been confused with B. magnicoecus by Kott [50] who classi-
fied all Botrylloides and Botryllus, with long curved caecum from Australia as Botrylloides
magnicoecus (Hartmeyer, 1912), which was originally described from South Africa. Later
she synonymized B. anceps with this species [3], although there are also clear differences
between those species in the number of oral tentacles, stigmatal rows, stigmata in a half
row and gut shape. Brunetti [51] reviewed the holotype of B. magnicoecus and confirmed
that Kott’s descriptions of Australian samples did not match it and suggested that those
should be assigned to a different species. We believe that Kott’s descriptions match the
original descriptions of B. anceps and are also coherent with descriptions of New Zealand
populations by Brewin [39] (as B. magnicoecus), suggesting that Australia and New Zealand
are in the possible geographic range of B. anceps and populations assigned to this species
from other regions should be revised.

Another botryllid species with the same caecum shape (right angle with swollen tip)
as in B. humilis is B. tabori from Brazil [52]. Mexican samples differ from this species which
does not have the dark pigmented spots on the atrial languet and oral siphon, has fewer
oral tentacles (8), stigmata in a half row (12), and has a complete second row of stigmata.

The current disjunctive distribution of B. humilis suggests that it is a transportable
species. The type of species was collected at a port, Israeli samples were collected in a
marina, and in another undescribed location, and Mexican samples were all collected on
A.R.M.S. (although those were located at natural coral reefs), which is further evidence that
the species is involved in bioinvasion, but at this point, we cannot decide the status of the
Mexican population, if introduced or native.

4.4. The Genus Botrylloides

In contrast with species in Botryllus, the following characters are typical of Botrylloides:
the presence of elongated systems, a triangular stomach with the cardiac ends of folds
dilated, and a small pyloric caecum. Worldwide there is a record of 21 valid species in
this genus [36], six of them present in the Atlantic [17,41]: Botrylloides aureus (Sars, 1851),
B. giganteus (Pérès, 1949), B. leachii (Savigny, 1816), B. magnicoecus (Hartmeyer, 1912), B. niger
Herdman, 1886, and B. violaceus Oka, 1927. Among those, B. aureus and B. magnicoecus do
not have barcode sequences in GenBank, and the barcode sequences of our new species did
not match any of the species in GenBank. Botrylloides aureus is a cold-water species, and we
suspect that B. magnicoecus is actually a Botryllus, as discussed before.

Botrylloides catalitinae was the most common species among the Botrylloides, found
in Alacranes and Cayo Arcas reefs, but also appeared on PVC plates of ARMS. The main
characteristic to distinguish living colonies of this species is the general gray color with
elongated white patches and circular yellow patches around the cloacas. The main internal
characters are the incomplete second row of stigmata and the stomach folds not well
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marked along the complete length of the stomach with conspicuous elongated dilations in
the cardiac end.

The only marked character of B. alacranensis is the green color of living colonies that
turn brick-red after preservation in formalin. Zooids have the usual ~1.5 mm length, with
8 oral tentacles, 11–12 stigmatal rows, all complete with 15–17 stigmata per half row, and a
stomach with 8–9 folds with a small caecum. We have not found gonads and those could
present further distinguishing characters.

Although we could not include the single sequence of B. ampullarius in the species
delimitation analysis, we considered this a valid species because of the uncommon organi-
zation of the colony with circular systems with 6–7 zooids per system only with a great
amount of vascular ampullae. The main internal character to distinguish this species is the
anterior position of the anus, at the 6th stigmatal row.

4.5. The Genus Symplegma

Symplegma is a styelid colonial genus in which each zooid has its own atrial aperture
on the surface of the colony; the zooids are connected by a developed net of blood vessels
with ampullae at the margin of the colony. There are 11 valid species [36], among which
only three are in the Atlantic ocean: S. brankenhielmi, S. rubra, and S. viride [17]. Although
the S. brakenhielmi type locality is Veracruz, very close to our study sites in the Gulf of
Mexico, this species did not appear in our samples and neither in a previous study in the
region [41].

Symplegma papillata sp. nov. main diagnostic characteristics are the presence of tri-
angular papillae in the peritubercular region and the stomach with six folds only, two of
them shorter than the others. All other Atlantic species have nine or more folds (Table 2).
Symplegma sisalensis sp. nov. was the most common Symplegma in our samples. It resembles
S. rubra in the color of the living colonies. The main differences are the tendency for a larger
number of folds on the stomach wall and two connections between the caecum and the
intestinal loop, instead of three in the former. Symplegma sp. was delimited in the molecular
analysis by one sequence only and the sample did not present gonads. The color of the
zooids, which are dark with a patch of contrasting color between the siphons resembles
S. viride, although the zooids in our sample are a little smaller than in S. viride, and the
number of the other structures are in the minimum end of the range for the latter species,
thus we cannot rule out the possibility that our sample is S. viride. Recently Streit et al. [32]
registered S. viride in Puerto Rico but their sequence is very different from ours as well as
the appearance of the colony, thus suggesting the need for further collection and study of
this genus in the Gulf of Mexico and the Caribbean.

Table 2. Tabular key of Symplegma species of the Atlantic Sea.

1 2 3 4 5 6 7 8 9 Ref.

Symplegma brakenhielmi
(Michaelsen, 1904) B, Bl, W ? 1.6–2.8 12–24 V 9–13 4–5 14–15 2 43, 44, 58,

59
Symplegma rubra
Monniot, 1972

O, M, Pu,
R, Y U 1.5–2.4 15–24 T 12–13 8 12–13 3 44, 59, 60

Symplegma viride
Herdman, 1886

B, Dg, Br,
Y, O Dg, G 1.8–2.2 12 ? 10 5–6 10–12 3 44, 60

Symplegma sisalensis sp. nov. M Ph 2.07 16 T 12 ? 10–17 2
Symplegma sp. Pu, W U 1.4 12 V 9 4–5 9–10 1

Symplegma papillata sp. nov. U, Y Y 2.4 12 V, P 10–11 ? 6 1

1. Living colony: B. Black; Bl. Bluish; Br. Brown; M. Magenta; O. Orange; Pu. Purple; R. Rose; U. Uncolored; Y.
Yellow, W. White. 2. Preserved colony: P. Purple; Dg. Dark green; G. Greenish; U. Uncolored; Ph. Peach-colored;
Y. Yellow. B Brown; T. Translucent; R. Red. 3. Size of zooids (length in mm). 4. Number of oral tentacles.
5. Peritubercular area: P. with Projections; T. Triangular with the anterior region delimited by the peripharyngeal
groove; V. Peripharyngeal groove forms a deep V around a swollen region. 6. Number of stigmata rows. 7. Level
(row of stigmata) at which the first left dorsal vessel touches the dorsal lamina. 8. Number of folds in the stomach.
9. Number of the tissue connections between the pyloric caecum and the intestinal loop.
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