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Abstract 1 

  During captivity, round stingrays, Urobatis halleri, became infected with the marine 2 

leech Branchellion lobata. When adult leeches were deprived of blood meal, they experienced a 3 

rapid decrease in body mass and did not survive beyond 25 days. If kept in aquaria with host 4 

rays, B. lobata fed frequently and soon produced cocoons, which were discovered adhered to 5 

sand grains. A single leech emerged from each cocoon (at ~ 21 days), and was either preserved 6 

for histology or molecular analysis, or monitored for development by introduction to new hosts 7 

in aquaria. Over a 74-day observation period, leeches grew from ~2 to 8 mm without becoming 8 

mature. Newly hatched leeches differed from adults in lacking branchiae and apparent pulsatile 9 

vesicles. The microbiome of the hatchlings was dominated by a specific, but undescribed, 10 

member of the gammaproteobacteria, also recovered previously from the adult leech 11 

microbiome. Raising B. lobata in captivity provided an opportunity to examine their 12 

reproductive strategy and early developmental process, adding to our limited knowledge of this 13 

common group of parasites. 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

  29 

Keywords 30 

Marine leech, Branchellion, Piscicolidae, stingrays, elasmobranch, cocoon, development  31 



 2 

Introduction 32 

Leeches are highly unusual annelids (Clitellata: Hirudinea) present in both terrestrial and 33 

aquatic habitats, that display a diversity of nutritional strategies, ranging from parasitic blood-34 

feeding to predation. Piscicolid leeches comprise approximately 60 genera and 120 species 35 

which feed predominantly on the blood of fishes, including both teleosts and elasmobranchs [1-36 

4]. Compared to terrestrial leeches, little is known about the biology of marine leeches, likely 37 

due to their seasonality, non-viability in captivity, and inaccessibility to their primary hosts [5] 38 

although some information is available on leeches associated with aquaculture [6].  39 

 External fertilization in the Clitellata mainly takes place in a thick-walled cocoon 40 

composed of outer wall material and albuminous fluid secreted by two separate cocoon glands 41 

[1,5]. Leeches deposit cocoons containing 1-10 small eggs, depending on the species [2,7]. 42 

Duration of cocoon development among the Piscicolidae is widely variable from 7 days to 8 43 

months, and hatching appears to be dependent upon a specific temperature window [8-9]. For 44 

example, cocoons of the marine leeches Oceanobdella blennii Knight-Jones, 1940 and Piscicola 45 

salmositica Meyer, 1946 will only hatch at 6-7°C and 5-12°C, respectively [7,8,10].   46 

The piscicolid genus Branchellion Savigny, 1822 consists of eight species that parasitize 47 

elasmobranchs, primarily rays and skates, and occasionally teleosts [2,11,12]. Branchellion 48 

lobata Moore, 1952, a species of marine leech found off of California, Mexico, Costa Rica, 49 

Panama, and Chile, parasitizes numerous elasmobranchs, including angel sharks, leopard sharks, 50 

bat rays, and butterfly rays [12-16]. Beyond a single study demonstrating the hatching of 51 

cocoons of B. torpedinis Savigny, 1822 [9] little is known of the reproduction and development 52 

of Branchellion species. 53 

During the rearing of round stingrays at the Cabrillo Marine Aquarium, newly birthed 54 

rays held in aquaria occupied by adult rays became infected with B. lobata. The ability of this 55 

leech to be transmitted in an aquarium setting provided an opportunity to study its development. 56 

In this paper, we describe the cocoons and morphology and experimental development of 57 

Branchellion lobata.  58 

 59 

Methods 60 

 61 

Sample collection and observations 62 
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Round stingrays (Urobatis halleri) infected with Branchellion lobata (Figure 1) were 63 

collected by set line in Mugu Lagoon, Point Mugu Naval Air Station (Oxnard, CA) in 64 

accordance with a permit issued to R. Appy by the California Department of Fish and Wildlife 65 

(S-200810003-20163-001 and amendments). Leeches were removed from stingrays which, with 66 

exception of two rays, were released at the site of capture. Two rays were held in captivity at 67 

18℃ at the Cabrillo Beach Aquarium and subsequently infected by placing collected leeches into 68 

the tank holding the rays. After approximately 1 month, sandy substrate was collected from the 69 

tanks, and kept at 4-18℃, until sorted. Cocoons, adhered to clusters of sand grains, were 70 

collected and later characterized by Leica stereomicroscope as either early stage, late stage (with 71 

a visible segmented leech inside), or empty, and preserved in 70% ethanol for molecular 72 

analysis. Cocoons in sediment with a high organic load more often failed to develop or died, thus 73 

the layer of sand during the initial collection and observation of cocoons was kept to a minimum 74 

thickness to prevent anoxia. Sand grains, not attached to cocoons, were also preserved in 70% 75 

ethanol for microbial analysis. Images were taken using a Pentax WG-III digital camera and 76 

measurements made in ImageJ software [17]. Healthy appearing cocoons were placed into clear, 77 

sterile petri dishes (100 x 15 mm) in 15 ml of filtered seawater and kept in an incubator at 18℃. 78 

Leech ‘nurseries’ were checked daily and newly hatched leeches were preserved in either 70% 79 

ethanol, 4% paraformaldehyde or 3.5% formalin for molecular analysis, light microscopy, and 80 

scanning electron microscopy (SEM), respectively. Cabrillo Marine Aquarium is accredited by 81 

the American Association Zoos and Aquariums (AZA) and round rays were held in accordance 82 

with standards, programs and processes established by CMA in accordance with AZA standards 83 

and policies. 84 

 85 

Hatchling transmission to uninfected round rays 86 

In order to study development and growth of leeches on round stingrays, sand containing 87 

cocoons was introduced into a small aquarium containing two juvenile stingrays birthed in 88 

captivity August 3, 2023 (held at 17-20℃). Leech growth was monitored at irregular intervals 89 

over 74 days by photographing the ventral surface of infected rays. Worms were measured in 90 

ImageJ, with reference to the known size of ray disc width.  91 

 92 

Morphology 93 



 4 

 Cocoons, hatchlings, and adult leeches initially fixed in 4% paraformaldehyde for 48 94 

hours, were rinsed in 1X phosphate buffered saline, and transferred to 70% ethanol. Specimens 95 

were rehydrated in 30% ethanol, and stained with either Grenacher’s Alcoholic Borax-carmine 96 

or Celestine Blue B. Specimens were de-stained in 70% acid alcohol, dehydrated through a 97 

graded series of 85%-95%-100% ethanol, and cleared with methyl salicylate. Specimens were 98 

mounted in Canada balsam and visualized on a Nikon E80i microscope. Additional images were 99 

taken with a Pentax Optio WG-III digital camera. For SEM, preserved juvenile leeches and 100 

cocoons were post-fixed in 4% osmium tetroxide, dehydrated in an ethanol series and critical 101 

point dried using CO2, and placed on stubs covered with adhesive copper tape. Specimens were 102 

coated with gold/palladium using an Pelco SC-4 4000 sputter coater and imaged using a Phenom 103 

Pro’X G6 Desktop SEM. 104 

 105 

DNA extraction and Bacterial 16S rRNA sequencing 106 

DNA was extracted from pooled sand grains, cocoons, and hatchlings (4-8 in each DNA 107 

extract) using the Qiagen DNeasy Kit, according to the manufacturer's recommendation, and 108 

quantified using a QuBit fluorometer. The V4-V5 hypervariable region of the 16S rRNA gene 109 

was PCR amplified using bacterial primers (515F: GTGYCAGCMGCCGCGGTAA and 806R: 110 

GGACTACHVGGGTWTCTAAT [18]) with Illumina adapters on the 5′ end (San Diego, CA, 111 

United States). Each PCR product was secondarily barcoded with Illumina NexteraXT index v2 112 

Primers that included unique 8-bp barcodes, with NEB Q5 Hot Start High-Fidelity Mix at an 113 

annealing temperature of 66°C for 11 cycles. Barcoded products were purified using Millipore-114 

Sigma (St. Louis, MO, United States) MultiScreen Plate MSNU03010 with a vacuum manifold 115 

and quantified using the QuantIT PicoGreen dsDNA Assay Kit (Thermo Fisher Scientific) on a 116 

BioRad CFX96 Touch Real-Time PCR Detection System. Barcoded samples were combined in 117 

approximately equimolar amounts and purified again with Promega’s Wizard SV Gel and PCR 118 

Clean-up System, and quantified again using the QuBit system. This sample, usually 1500-3000 119 

ng DNA total, was submitted to Laragen, Inc. (Culver City, CA, United States) for 2 × 250 bp 120 

paired-end analysis on the Illumina MiSeq platform with PhiX addition of 20%. Raw 16S rRNA 121 

reads were deposited in the NCBI archive under accession number PRJNA1088531.  122 

Raw 16S rRNA reads were processed according to Happy Belly Bioinformatics [19]. 123 

Briefly, CutAdapt v4.1 was used to remove the primer sequences, which allowed one error for 124 

every 10 bp in the primer sequence [20]. FastQC v1.13 was used to quality control the raw 125 
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sequence data and identify trim cutoffs for both the forward and reverse reads, ahead of pairing. 126 

Raw sequences were then processed with DADA2 (for initial quality trimming, error rate 127 

estimation, merging of read pairs, chimeric sequence removal, and community data matrix 128 

construction [21]) and taxonomy was assigned to the processed amplicon sequence variants 129 

(ASVs at 100% identity) using the SILVA database v138.1 [22].  130 

 131 

Blood deprivation Experiments in Adult Branchellion lobata 132 

Adult Branchellion lobata (n = 15) were collected from the ventral surface of Urobatis 133 

halleri from Mugu lagoon, Los Angeles, CA, and kept in 400 ml glass containers with filtered 134 

seawater with a 12-hour light cycle in an incubator at 18℃. For 25 days, the number of surviving 135 

leeches were counted, weighed (wet weight - excess water was removed, as much as possible 136 

without harming the animal, by gently blotting on a kimwipe), and preserved in 137 

paraformaldehyde. While in captivity, leeches were strongly photopositive when a host was not 138 

present, so it was necessary to add a layer of black tape to prevent them from climbing out of the 139 

water. 140 

 141 

Results and Discussion 142 

 143 

 Branchellion lobata cocoons were found in abundance adhered to sand grains in a tank 144 

containing captive pacific round stingrays, Urobatis halleri, themselves heavily infected with B. 145 

lobata. Cocoons were readily sampled by agitation of the sand, which brought them to the 146 

surface. Deposition of cocoons was not observed, so it is not known whether adult leeches detach 147 

from their host to secrete the cocoons or if they deposit cocoons while still attached at a time 148 

when the ray is stationary on the bottom. Some piscicolid leeches (ex. B. torpedinis) remain on 149 

their host and release cocoons into the water [9,23], whereas some detach to deposit cocoons on 150 

vegetation, abiotic substrates, or even other organisms [2,7,8,10,24-26]. The presence of up to 5 151 

sand grains adhering to cocoons, and the morphology of the attached cocoon as viewed with 152 

SEM, suggests that they were actively placed on the sand grains (Figure 2A-C). However, the 153 

absence of cocoons in jars containing mature (large) leeches would suggest that the leech 154 

remains attached to the host while depositing cocoons. Leeches often left the host and climbed 155 

the walls of the lighted side of the aquarium, perhaps due to anoxic conditions in the sediment at 156 

the bottom of the aquarium, but cocoons were never found attached to aquarium walls. 157 
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Branchellion lobata held without a host immediately climbed the walls of the jar to the air water 158 

interface. This photopositive behavior may be an adaptation to facilitate encountering new hosts. 159 

Branchellion lobata cocoons measured 0.65 +/- 0.1 mm in diameter (x +/- SD; n = 13; 160 

Figure 2), which is on the small end of the size range for cocoons of other piscicolids (0.5-20 161 

mm in diameter [7,27]). B. lobata cocoons were found in various stages of development, 162 

including early stage, as shown by the carmine stained embryo inside the cocoon (Figure 2D) 163 

and late stage with a visible segmented, often moving, leech inside (Figure 2E-F). Cocoon 164 

incubation time was estimated to be at least 21 days, the time between sampling of sand grains 165 

from the captive rays to the first observed hatchling emergence. This is similar to the incubation 166 

time for B. torpedinis, documented  at ~ 30 days [9].  167 

During hatching, a single translucent B. lobata emerged from each cocoon and pulled 168 

itself out by attaching its anterior sucker to nearby surfaces (Figure 2G-H). Hatchlings measured 169 

~ 2.5 +/- 0.4 mm in length on average (avg ± SD; n = 75), with a ratio of length to width of 170 

12.5:1. This size at hatching is generally consistent with sizes reported for the piscicolids 171 

Oceanobdella microstoma Johansson, 1896 and O. blennii (~2-5 mm in length [8,13], but 172 

smaller than Janusion scorpii Malm, 1863 (~ 4-12mm [6]). By comparison, adult B. lobata are 173 

13-40 mm in length, with a length to width ratio of ~8:1 (this study Figure 3 and [28]). 174 

 Newly hatched B. lobata strongly resemble the adults [13], as do most marine leeches 175 

with direct development, with some exceptions. They possess two distinct body regions, the 176 

trachelosome and urosome, divided by a deep furrow (Figure 4), originally described for adults 177 

[28]. The trachelosome includes a cephalic sucker that is flattened and circular, with a pair of 178 

dorsal pigmented eyespots, a muscular proboscis, and the male reproductive system (Figure 4A-179 

B). The urosome contains a pair of ovisacs, 5 pairs of testes that alternate with stomach 180 

diverticula, 4 posterior lateral diverticula of the intestine, and ganglia aligned along the testisacs 181 

and chambered stomach intestine (Figure 4B-D). Posterior of the last lateral diverticula, there is 182 

an obvious rectum tapering to the anus (Figure 4E). However, hatchlings lack the 31 pairs of 183 

conspicuous branchiae and pulsatile vesicles (Figure 2I), characteristic of  adult Branchellion 184 

species (Figure 3 [4,14,28-29]). Like the adults, the hatchling caudal sucker was hemispherical, 185 

cupped, and nearly twice the size of the cephalic sucker, and it possessed many obvious small 186 

ventral secondary suckers, or cupules (Figures 3, 4F [28]). Segmental ganglia, which in adults 187 

are obscured by internal organs, were prominent. Nephridia and cocoon glands were not visible 188 
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in stained whole mounts. The new hatchlings obviously had no blood meal in their digestive 189 

system compared to the reddish-black blood meal observed in adults (Figures 1,3).  190 

 In general, leech hatchlings are precocious, but the timing of their first blood meal is 191 

highly variable [4,9]. For example, hatchlings of J. scorpii are able to survive without feeding for 192 

at least 3 weeks post emergence [6] while young Hemibdella soleae van Beneden & Hesse, 1863 193 

can survive without a host for two months [5,30], instead relying on stored nutrients from the 194 

cocoon. By comparison, the young leeches of B. torpedinis were estimated to have just 5 days to 195 

find their first blood meal or they would not survive [9]. In the present study, the young leeches 196 

attached to the ventral surface of the rays, often in close proximity to one another in the area of 197 

the gill opening (not shown). Hatchlings took in blood meal, and quadrupled in length over a 74-198 

day observation period, from ~ 2 to 8 mm, although they did not reach maturity as the rays died 199 

due to a system failure. These relatively slow growth measures are consistent with O. blennii, 200 

which took ~6 months to increase in length from 3 to 14 mm [8]. This, too, can be extremely 201 

variable among marine leeches. The marine leech J. scorpii matured within 48 days after 202 

emergence [6], while Pterobdella arugamensis Silva, 1963 only took ~14 days post emergence 203 

to become mature [31-32], both with access to a blood meal. For B. lobata, time to maturity (ex. 204 

viable reproductive organs) and specific fecundity (ex. how many cocoons can be deposited from 205 

a single B. lobata leech) were not determined, but development was noted to be relatively slow 206 

(> 74 days in experimental conditions).  207 

Molecular analysis of the 16S rRNA bacterial gene allowed for a specific determination 208 

of the microbiomes for both B. lobata cocoons and hatchlings. The microbiome of the cocoons 209 

included an abundance of nitrogen-cycling bacteria and archaea (Nitrosopumilus, Nitrosomonas, 210 

and Nitrospina), Rhodobacteraceae and Saprospiraceae, all in near equal proportions, followed 211 

by Pirellulaceae and Rubritaleaceae, some also found in association with the sand grains (Figure 212 

5). The microbiome of the hatchlings, on the other hand, was found to be a subset of the 213 

Branchellion adult microbiome previously surveyed [16,33], including the dominance of a 214 

specific, yet undescribed, member of the gammaproteobacteria (comprising ~66% of the average 215 

recovered ribotypes across all 4 hatchling samples; Figure 5). Notably, amplification of this 216 

bacterium from the sand grains was unsuccessful, confirming that it is specifically associated 217 

with B. lobata and likely transmitted vertically from parent to offspring. Given its dissimilarity 218 

from all known bacteria (< 90% 16S rRNA gene identity to any known bacterial families), it 219 

remains an intriguing undescribed leech-associated microbe to explore in more detail. Additional 220 
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bacterial groups associated with the hatchlings, but not present in the cocoons might be acquired 221 

by the hatchlings from environmental sources, such as seawater or biological surfaces, including 222 

Patescibacteria, Nitrincolaceae, Alteromonadaceae, and Marinomonadaceae (Figure 5). The adult 223 

microbiome also included several of these bacterial groups, however, more research is needed to 224 

determine whether this potential microbe benefits the leech [16]. 225 

In the present study, adult B. lobata removed from their elasmobranch host experienced a 226 

rapid decrease in body mass and did not survive beyond 25 days, with most dying within 11 days 227 

(80%, n = 15). During this period of time, leeches did not deposit cocoons, and became 228 

significantly smaller in average body mass (Figure 6). By day 4 they had lost an average of 26% 229 

of their body mass, and by day-7 they had lost another 18%, significantly different from their 230 

starting weights (ANOVA p-value = 0.037, f-ratio value= 5.3335). The requirement of B. lobata 231 

to feed frequently in order to survive is in stark contrast to terrestrial and freshwater leeches (ex. 232 

the medicinal leech, Hirudo medicinalis Linnaeus, 1758) that have slow digestion rates and feed 233 

very infrequently (every 8-10 months [34]). We suspect this may be a trend for marine leeches in 234 

general, where finding a host in a large habitat like the ocean is difficult, and staying attached, 235 

and feeding, is an effective strategy. 236 

While piscicolid leeches are infrequently associated with outbreaks and disease [35], B. 237 

torpedinis has been listed as an emerging disease of elasmobranchs in aquaria [23].  Leeches can 238 

cause epidermal disruption and blood loss [24,36], and the presence of even a single leech can 239 

result in humoral response in the host [9]. Similar to rays infected with B. torpedinis, heavily 240 

infected round rays in this study did not readily feed, were generally lethargic and in one case 241 

became anorexic and died (R. Appy, personal observation). Since there are few effective drugs 242 

against adult leeches and cocoons are difficult to treat or remove once deposited in the substrate 243 

[23], we recommend mechanical removal of all leeches during quarantine [35] to avoid any 244 

negative effects to the fish host in public aquarium exhibits. 245 

 246 

Conclusion 247 

The ability to raise the marine leech Branchellion lobata in captivity provided an opportunity to 248 

examine their reproductive strategy and development. During captivity, round stingrays 249 

(Urobatis halleri), became infected with B. lobata. Subsequently, cocoons were discovered 250 

adhered to sand grains in the aquarium substrate, and allowed to hatch. Young leeches had 251 

similar morphological features to the adults, except they lacked branchiae and apparent pulsatile 252 
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vesicles. The microbiome of the hatchlings included a specific member of the 253 

gammaproteobacteria found also in the adult population. When introduced to naive ray hosts, 254 

also held in aquaria, hatchlings quadrupled in length over an observation period of 74 days, 255 

without becoming mature. While this study adds to our limited body of knowledge of marine 256 

leeches, difficulty of sampling the nomadic elasmobranch hosts of B. lobata continues to impact 257 

our understanding of the behavior, life history, and development of this common group of 258 

parasites.   259 
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Figures 

 

 
 
Fig. 1: Branchellion lobata and the Pacific round ray (Urobatis halleri). A) Ray, with 
numerous attached Branchellion lobata (arrows) on the ventral surface, initially collected by 
beach seine in Mugu Lagoon, Los Angeles, CA and held in captivity at 18℃ at the Cabrillo 
Beach Aquarium (San Pedro, CA). B) Branchellion lobata with blood filled stomach diverticula 
(SD), lateral diverticula of the intestine filled with digested blood (LD). Cephalic anterior sucker 
(aS), eyespots (E), proboscis (P), the male (♂) reproductive system, including ejaculatory duct 
and seminal vesicle, the female (♀) reproductive system (ovaries), branchiae (B), and caudal 
posterior sucker (pS). Photo taken with a Pentax Optio WG-III digital camera over a light box. 
Scale 3 mm. 
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Fig. 2 Development in Branchellion lobata, from cocoon to hatching. 
A) Cocoon adhered to five sand grains. B-D) Cocoons in various stages of apparent successive 
development. D) Cocoon stained with carmine red, showing the leech embryo surrounded by 
albuminous fluid (arrowhead). E) Developing leeches inside of cocoons. Note the segmentation 
(arrow). F-G) Leech emerging from a cocoon. The arrow shows the cephalic sucker, with 
eyespots. H-I) Leeches emerging from cocoons, imaged via scanning electron microscopy. Note 
the lack of both branchiae and pulsatile vesicles in the hatchling, compared to Figure 3F. All 
scales, 0.5 mm, except I, scale = 0.2 mm 
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Fig. 3 Branchellion lobata external anatomy. A) Adult, ventral surface. B) Adult, dorsal 
surface. C. Adult, cephalic sucker, dorsal view, with medial pair of eyespots (arrow). D) Adult 
caudal sucker, ventral view, with numerous secondary suckers. E) Adult, pulsatile vesicles 
(arrows), every 3 branchiae. F) Late-stage juvenile, ventral surface showing foliaceous branchiae 
(arrowheads) and pulsatile vesicles (arrows), imaged via scanning electron microscopy. G) 
Hatchling, ventral surface. H) Hatchling, dorsal surface. Scale bars for A-B, 2 mm. Scale bars; 
C-E, 1 mm. F, 500 µm. G-H, 250 µm 
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Fig. 4 Branchellion lobata Hatchling Histology. A) Single pair of eyespots (collections of 
pigmented ocelli; blue arrow) on the dorsal side of cephalic sucker. B) A pair of ovisacs 
(arrowhead). Also note the furrow separating trachelosome and urosome in this region (arrow at 
center). C) The first pair of testes (arrowhead) and ganglia (arrow). D) Lateral diverticula 
(arrowhead); there are 4 pairs posterior to the last pair of testes. E). Rectum (arrow) and anus 
(arrowhead) located in the posterior end of the leech. F) Secondary suckers (arrowhead, plus 
inset) located ventrally on the caudal sucker. Leech was preserved in 4% PFA, rinsed with 1X 
PBS, stored in ethanol, and stained with celestine blue. Scale bar is 0.5 mm 
 
 
 
 
 
 
 



 5 

 
Fig. 5 The microbiome of Branchellion developmental stages. Relative abundance of bacterial 
families associated with Branchellion cocoons (n = 3 pooled samples), hatchlings (n = 4 pooled 
samples), and 1 sample of pooled sand grains (“rocks”), based on 16S rRNA gene amplicon 
sequencing. The symbol sizes correspond to the relative abundance (%). The Shannon Diversity 
value for each type of sample is also shown 
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Fig. 6 Adult Branchellion lobata without a blood meal for 25 days. At Day 0, there was 
obvious fresh blood in the stomach diverticula (arrowheads) and darker digested blood in the 
lateral diverticula. The bright red blood meal of newly fed B. lobata appears to move posteriorly 
and turns dark without replenishment of fresh blood anteriorly. By Day 8, there was very little 
observable blood meal, and the testisacs became most prominent. Only 1 leech survived to Day 
25, but was extremely small compared to leeches at Day 0. Photos taken with a Pentax Optio 
WG-III digital camera over a light box. Day 4 is a ventral view. All others are dorsal views. All 
scale bars, 1mm 
 
 
 
 
 
 


