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Abstract 

Following reports of an invasive snail causing crop damage in the expansive Mwea irrigation scheme in Kenya, 
samples of snails and associated egg masses were collected and sent to CABI laboratories in the UK for molecular 
identification. DNA barcoding analyses using the cytochrome oxidase subunit I gene gave preliminary identification 
of the snails as Pomacea canaliculata, widely considered to have the potential to be one of the most invasive inver-
tebrates of waterways and irrigation systems worldwide and which is already causing issues throughout much of 
south-east Asia. To the best of our knowledge, this is the first documented record of P. canaliculata in Kenya, and the 
first confirmed record of an established population in continental Africa. This timely identification shows the benefit 
of molecular identification and the need for robust species identifications: even a curated sequence database such as 
that provided by the Barcoding of Life Data system may require additional checks on the veracity of the underlying 
identifications. We found that the egg mass tested gave an identical barcode sequence to the adult snails, allowing 
identifications to be made more rapidly. Part of the nuclear elongation factor 1 alpha gene was sequenced to confirm 
that the snail was P. canaliculata and not a P. canaliculata/P. maculata interspecies hybrid. Given the impact of this spe-
cies in Asia, there is need for an assessment of the risk to Africa, and the implementation of an appropriate response in 
Kenya and elsewhere to manage this new threat to agriculture and the environment.
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Background
Apple snails (Ampullariidae) are freshwater gastro-
pods distributed naturally throughout the humid trop-
ics and subtropics (Berthold 1991). Pomacea, the largest 
of nine extant genera in the family, are New World spe-
cies native to South, Central and North America (Hayes 
et  al. 2015). Some Pomacea species, mainly from South 
America, demonstrate notable invasiveness outside of 
their native ranges (Hayes et al. 2008; Wu et al. 2010; Lv 
et  al. 2013; Yang et  al. 2018). Of these, Pomacea cana-
liculata (Lamarck, 1822), is listed among ‘100 of the 

world’s worst invasive species’ (Lowe et  al. 2000) and 
together with the morphologically similar P. maculata 
Perry, 1810 (P. insularum (d’Orbigny, 1835) is a junior 
synonym), have become serious agricultural and ecologi-
cal pests, causing significant economic losses in wetland 
rice cultivation and threatening biodiversity (Cowie 2002; 
Tamburi and Martín 2009; Qiu et al. 2011). Historically, 
descriptions of Pomacea have been based on the concho-
logical characteristics of a few specimens, resulting in 
taxonomic confusion (Cowie et  al. 2006). Furthermore, 
identification and differentiation between species has 
proved extremely difficult (Thiengo et al. 1993; Cazzaniga 
2002; Cowie et al. 2006) since morphological similarities 
are shared among many different species and they also 
exhibit substantial intraspecific and geographic variation 
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(Hayes et al. 2012; Mahilum and Demayo 2014). In light 
of this, phylogenetic analyses have provided an invalu-
able framework for discovering and delineating apple 
snail species (Rawlings et al. 2007; Hayes et al. 2008; Yang 
and Yu 2019). By correctly identifying species, pest and 
natural resource managers are provided with a better sci-
entific foundation on which to implement effective man-
agement plans to mitigate spread, and minimize their 
agricultural and environmental impacts. Apple snails 
continue to spread to new areas and have been reported 
recently in Europe (López et  al. 2010; EFSA 2020) and 
Ecuador (Horgan et al. 2014), but the African continent 
appeared to remain hitherto free of established popula-
tions (Seuffert and Martin 2017). Cowie et al. (2017) cited 
Wu and Xie (2006) as an unconfirmed report of P. cana-
liculata’s presence in Egypt, and they also cited Berthold 
(1991) reporting its presence in South Africa, noting that 
it was identified as P. lineata but was probably P. canali-
culata, and that it was possibly not established. Similarly, 
they noted that there had been unconfirmed reports of 
Marisa cornuarietis being found in Sudan and Tanzania 
(Cowie et al. 2017).

Methods
The aim of the study was to determine the identity of 
the snails found at two locations (Tebere and Ndekia) 
in Mwea irrigation scheme in Kenya and to determine if 
they were indigenous or a potentially invasive species.

Sample collection and handling
Field surveys for apple snails were carried out in Kenya in 
September 2020 after reports that an unknown snail spe-
cies had invaded close to 222  ha of the adjacent Tebere 
and Ndekia sections of the 10,117  ha Mwea irrigation 
scheme in Kirinyaga County. Sampling sites included 
irrigated rice fields and other host plants at the Scheme. 
At each sampling location, latitude, longitude and alti-
tude were determined using a global positioning system 
device (Garmin, USA) (Fig.  1; Table  1). At each sample 
collection site, photographs were taken of the adults 
(e.g. Fig. 2a) and eggs (e.g. Fig. 2c). Samples of eggs and 
adults were also collected for morphological and molecu-
lar identification (Figs. 2b, d, e). In total, 39 samples were 
collected from the two affected areas (Table 1). Prelimi-
nary morphological identification to genus level was 
done using features described by Hayes et al. (2012). Egg 
masses were collected from non-aquatic plants, par-
tially submerged posts and aerial plant projections (e.g. 
Fig.  2c), as these snails lay their eggs out of water. Col-
lection was undertaken carefully thereby avoiding early 
crushing/breaking of the eggs. A sample of the collected 
snails was rinsed in running tap water to remove soil and 
other debris, then transferred to clean containers and 
immersed in absolute ethanol (> 99% v/v). The lids of the 
containers were tightened and the containers were stored 
in a laboratory refrigerator (at 2–8 °C). Egg masses were 
also collected and treated in the same way.

Fig. 1  Map of Kenya showing survey locations in Mwea Irrigation scheme (Map courtesy of F. Makale, CABI)
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Of the samples collected, 15 adult snails and two egg 
masses were prepared for dispatch to the UK (with asso-
ciated documentation allowing export for identification 
of the specimens from KEPHIS and CABI’s UK (Defra) 
licence for importing material from overseas) whilst rep-
resentative specimens were deposited in the National 
Museums of Kenya (NMK), Nairobi, Kenya, under the 
voucher specimen number NMK/INV/MOL-012090. 
During packing, the ethanol was drained and the samples 
placed on dry cotton wool in a plastic container for ship-
ment to CABI’s diagnostic and molecular biology labora-
tories in the UK.

On receipt in the UK, samples were processed as 
follows:

Specimens were unpacked, subjected to visual exami-
nation and photographed. Three adult snails, broadly 
covering the range of the sizes seen but otherwise 
selected at random, were selected for identification as 
was one sample of a partial egg mass. Snail bodies were 
removed carefully from the shells, using alcohol-steri-
lised, then flamed, forceps and immersed in absolute eth-
anol (> 99% v/v) in individual sterile tubes. The selected 
egg mass was immersed in absolute ethanol (> 99% v/v) in 
a separate tube. All tubes were transferred to a laboratory 

Table 1  Survey site locations showing (left-to-right): date of collection, name of county, name of irrigation scheme, section name, 
block name, latitude, longitude, altitude

Date County Scheme Section Block Latitude Longitude Altitude

3.12.2020 Kirinyaga Mwea Kiamanyeki Kiamanyeki − 0.69598 37.38399 1130.964

3.12.2020 Kirinyaga Mwea Tebere T22 − 0.6826 37.41321 1130.789

3.12.2020 Kirinyaga Mwea Tebere T11 − 0.68013 37.41974 1127.933

3.12.2020 Kirinyaga Mwea Tebere T8 − 0.67137 37.41266 1136.626

3.12.2020 Kirinyaga Mwea Tebere T6/T7 − 0.65554 37.40119 1148.359

3.12.2020 Kirinyaga Mwea Tebere T15 − 0.65648 37.39282 1156.951

3.12.2020 Kirinyaga Mwea Tebere T18 − 0.65394 37.39147 1156.443

3.12.2020 Kirinyaga Mwea Tebere T14 − 0.67471 37.39326 1144.631

3.12.2020 Kirinyaga Mwea Tebere T21 − 0.67598 37.39271 1141.957

3.12.2020 Kirinyaga Mwea Tebere T17 − 0.68456 37.39308 1135.785

3.12.2020 Kirinyaga Mwea Tebere T20 − 0.67916 37.39133 1135.878

3.12.2020 Kirinyaga Mwea Tebere T16 − 0.67643 37.37517 1146.468

3.12.2020 Kirinyaga Mwea Tebere T13 − 0.67638 37.37511 1147.742

3.12.2020 Kirinyaga Mwea Tebere T5 − 0.67643 37.37522 1145.216

3.12.2020 Kirinyaga Mwea Tebere T3 − 0.65388 37.37233 1172.261

3.12.2020 Kirinyaga Mwea Tebere T2 − 0.64891 37.37055 1178.281

4.12.2020 Kirinyaga Mwea Ndekia 2b − 0.635 37.36634 1190.863

4.12.2020 Kirinyaga Mwea Ndekia 3 − 0.63667 37.37067 1187.551

4.12.2020 Kirinyaga Mwea Ndekia 4 − 0.65557 37.3596 1156.595

4.12.2020 Kirinyaga Mwea Ndekia 1 − 0.64652 37.3462 1189.205

4.12.2020 Kirinyaga Mwea Mwea M4 − 0.62942 37.33787 1193.442

4.12.2020 Kirinyaga Mwea Thiba H20 − 0.62793 37.35605 1191.451

4.12.2020 Kirinyaga Mwea Thiba H5 − 0.65947 37.34339 1181.241

4.12.2020 Kirinyaga Mwea Wamumu W7 − 0.65274 37.31306 1189.667

4.12.2020 Kirinyaga Mwea Mwea M17 − 0.64865 37.30164 1193.927

4.12.2020 Kirinyaga Mwea Mwea M14 − 0.66471 37.31534 1178.342

4.12.2020 Kirinyaga Mwea Wamumu W5 − 0.68421 37.31312 1166.108

4.12.2020 Kirinyaga Mwea Wamumu W3 − 0.68795 37.33216 1163.23

4.12.2020 Kirinyaga Mwea Thiba H6/H8 − 0.71707 37.34196 1151.891

5.12.2020 Kirinyaga Mwea Outgrower Kandongu / Mugaa 
/ Ng’othi

− 0.73445 37.33957 1142.041

5.12.2020 Kirinyaga Mwea Karaba K2 − 0.74663 37.34327 1136.672

5.12.2020 Kirinyaga Mwea Karaba K4 − 0.73131 37.37017 1128.687

5.12.2020 Kirinyaga Mwea Karaba K6 − 0.70129 37.35384 1121.972

5.12.2020 Kirinyaga Mwea Karaba K7 − 0.68567 37.28479 1145.008
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freezer (− 20  °C) in which they were stored for 48 h, to 
ensure no living material remained.

On retrieval from the freezer, several small sections of 
each snail sample were removed from clean areas (foot 
and tentacles, not the digestive system), using alcohol-
sterilised fine forceps and scalpel, taking care to avoid the 
digestive system and other organs. One egg was removed 
for processing. These sub-samples were placed in fresh 
sterile 1.5 ml microcentrifuge tubes containing absolute 
ethanol (> 99% v/v) and placed in the freezer until they 
could be processed further.

Molecular methodology
Samples were removed from the tubes and gently blotted 
dry on clean lint-free tissue paper. The samples were then 
subjected to DNA extraction using the DNeasy Blood 
and Tissue kit (Qiagen, UK) following the manufacturer’s 
protocol, amended to incorporate an overnight incuba-
tion at 55  °C once the buffer ATL and proteinase K had 
been added to the tissue (Polaszek et  al. 2014). Subse-
quent steps were as prescribed by the manufacturer.

PCR reactions were carried out using a Hybaid PCR 
Express thermal cycler in heated-lid mode. Amplifica-
tions were carried out in 0.5  ml microcentrifuge tubes 
in 20 µl reactions containing: 1 µl DNA extract; Primers 
LCO1490 and HCO2198 (5′-GGT​CAA​CAA​ATC​ATA​
AAG​ATA​TTG​G-3′ and 5′-TAA​ACT​TCA​GGG​TGA​CCA​
AAA​AAT​CA-3′, respectively; Folmer et al. 1994) each at 
150  nM; and 10  μl of MegaMix-Royal (Microzone Ltd, 
UK) mastermix solution, containing an optimised mix-
ture of Taq polymerase in 2 × Enhancing Buffer (6  mM 

MgCl2), with 400  μM dNTPs and blue MiZN loading 
dye. Reactions were made up to a final volume of 20  μl 
with sterile molecular grade H2O. PCR reactions were 
preincubated for 5 min at 95 °C followed by 39 cycles of: 
30  s at 94  °C; 30  s at 51  °C and 75  s at 72  °C. Samples 
were finally incubated for 10  min at 72  °C, then cooled 
and finally held at 10 °C for 1 h before PCR products were 
visualised with gel electrophoresis, purified by micro-
CLEAN (Microzone Ltd., UK), and resuspended in 15 µl 
sterile molecular grade H2O. After sequencing reactions, 
excess unincorporated dye terminators were removed by 
means of DyeEx 2.0 (Qiagen, UK) gel filtration columns, 
according to the manufacturer’s instructions. Eluted sam-
ples were resuspended in 16  µl highly deionised forma-
mide. Sanger sequencing was undertaken using an ABI 
3130 Genetic Analyser in accordance with the manufac-
turer’s instructions. Sequence trace files were examined 
for quality using the DNA Sequencing Analysis Software 
6 (Applied Biosystems, UK), then exported as text files.

Data analysis
Sequences obtained in the present study were screened 
against the holdings of NCBI-GenBank and EMBL-
EBI using the BLAST (Altschul et  al. 1997) and FASTA 
(Pearson 1990) algorithms, respectively. Sequences were 
then compared with representative voucher specimen 
sequences obtained from the Barcoding of Life Data sys-
tem (BOLD; http://​www.​bolds​ystems.​org/; Ratnasing-
ham and Hebert 2007) and additional sequences from the 
GenBank data base (http://​www.​ncbi.​nlm.​nih.​gov/​genba​
nk/). Sequences were aligned using the multiple sequence 

Fig. 2  Examples of: a adult snail at the Mwea Irrigation Scheme, Kenya; b individual snail eggs from an egg mass (with ruler for scale); c snail egg 
mass at the Mwea Irrigation Scheme, Kenya; d, e images of snail specimens obtained from the Mwea Irrigation Scheme [Images: CABI]

http://www.boldsystems.org/
http://www.ncbi.nlm.nih.gov/genbank/
http://www.ncbi.nlm.nih.gov/genbank/
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alignment tools CLUSTALW (Thompson et al. 1994) and 
MUSCLE (Edgar 2004) in MEGA7 (Kumar et  al. 2016) 
and these were then optimized manually in the MEGA7 
program. For the COI sequences, phylogenetic relation-
ships were inferred by means of the maximum likelihood 
method based on the Tamura–Nei model (Tamura and 
Nei 1993). Initial tree(s) for the heuristic search were 
obtained automatically by applying Neighbor–Join and 
BioNJ algorithms to a matrix of pairwise distances esti-
mated using the maximum composite likelihood (MCL) 
approach, before selecting the topology with superior 
log likelihood value. Codon positions included were first, 
second and third regions, whilst all positions containing 
gaps and missing data were eliminated. Trees obtained 
were drawn to scale, with branch lengths measured 
in the number of substitutions per site. The bootstrap 
consensus tree was inferred from 1000 replicates and is 
taken to represent the evolutionary history of the taxa 
analysed (Felsenstein 1985). The percentages of replicate 
trees in which the associated taxa clustered together in 
the bootstrap test (1000 replicates) are shown next to the 
respective branches (Felsenstein 1985). Further evolu-
tionary analyses were conducted in MEGA7 (Kumar et al. 
2016). The EF1a sequences were subjected to phyloge-
netic analysis and bootstrap analysis in the same way as 
for the COI sequences. The percentage of trees in which 
the associated taxa clustered together is shown next to 
the branches. Initial tree(s) for the heuristic search were 
obtained automatically by applying Neighbor-Join and 
BioNJ algorithms to a matrix of pairwise distances esti-
mated using the Maximum Composite Likelihood (MCL) 
approach, and then selecting the topology with supe-
rior log likelihood value. The tree is drawn to scale, with 
branch lengths measured in the number of substitutions 
per site. The analysis involved 16 nucleotide sequences. 
All positions containing gaps and missing data were 
eliminated. There were a total of 395 positions in the final 
dataset.

Results
The four samples processed for sequencing (three adult 
snails plus one egg from an egg mass) gave identical 
sequences when barcoded with the COI primers. When 
screened against the holdings of GenBank and BOLD, all 
top matches, showing > 99% identity to the Mwea sam-
ples, were to sequences assigned to P. canaliculata with 
the sole exception of what appeared to be an aberrant P. 
maculata sequence (MK992483) from Uruguay (data not 
shown). This sequence showed in the GenBank/BLAST 
and BOLD results but did not feature in the EMBL-EBI/
FASTA top 500 results. This sequence (as well as fur-
ther instances of apparently confounding results within 
the respective Barcode Index Number system (BINs) of 

species within this genus), suggests that even a curated 
database such as BOLD may harbour some misidentified 
or incorrectly assigned sequences (e.g. Pentinsaari et  al. 
2020). The MK992483 sequence also appeared confound-
ing in the phylogenetic analysis undertaken subsequently 
where it was placed within the P. canaliculata cluster and 
not with the rest of P. maculata, (including sequences 
labelled as P. insularum, which is now considered a junior 
objective synonym of P. maculata (CABI 2021)). It should 
be noted, however, that broad acceptance of the utility of 
DNA barcodes for distinguishing between species is not 
the same as recommending it as replacement for robust 
polyphasic taxonomic research: a database is only as 
good as the information on which it is built. Hayes (2021) 
has recently stated the case clearly: that DNA-based 
tools can have great benefits in terms of objectivity and 
cost-effective processing when used correctly but, if used 
inappropriately, they can lead to greater confusion that 
may hinder efforts to e.g. stop the spread of an invasive 
pest or pathogen.

The phylogenetic analyses enabled inferences to be 
made regarding the relationships among the sequences 
screened and the placement of the Kenyan sequences 
within the broader genus arrangement. The tree with the 
highest log likelihood (− 6485.26) is shown as Fig. 3. The 
percentage of trees in which the associated taxa clustered 
together is shown next to the branches. The analysis 
involved 71 nucleotide sequences. All positions contain-
ing gaps and missing data were eliminated. In total, there 
were 546 positions in the final dataset.

The EF1a analysis was undertaken in a similar way. This 
analysis involved 13 nucleotide sequences. All positions 
containing gaps and missing data were eliminated. There 
were a total of 395 positions in the final dataset. The tree 
with the highest log likelihood (−  1030.82) is shown as 
Fig. 4.

These results show clearly that the samples tested are P. 
canaliculata. Sequences have been deposited in GenBank 
with the accession numbers MW363565-MW363568 
(COI) and MW589392 (EF1a).

Discussion
Early detection of non-native invasive species is a critical 
factor to inform timely implementation of contingency 
and control measures and allow the greatest chance of 
successful management or eradication. The gradual ero-
sion in morpho-taxonomic expertise worldwide, as well 
as the potential for confusion caused by taxa that look 
almost identical, such as the species of Pomacea (Este-
benet et al. 2006), can make positive identification a chal-
lenge (Rama Rao et al. 2018). Molecular approaches have 
contributed to improved taxonomic understanding and 
clarification of the distribution and invasion pathways 
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Fig. 3  Molecular phylogenetic analysis, by maximum likelihood method, of representative Pomacea COI sequences (including those from the 
present study MW363565-MW363568)
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of Pomacea species (Kannan et al. 2020) and provide an 
invaluable and complementary diagnostic tool for the 
timely identification of these highly destructive invasive 
species. Concerns have been raised about the quality 
of some sequences in the global, open access sequence 
databases such as EMBL, GenBank and DDBJ and the 
relevant assigned identifications (e.g. Bridge et al. 2003). 
The aforementioned databases have been improving 
their acceptance criteria for sequences of late but, even 
so, BOLD has been considered to be more authoritative 
for many taxa as it involves greater curation of the sub-
mitted sequences. Recent studies on the quality of iden-
tifications from GenBank and BOLD noted potential 
issues with both (Meiklejohn et al. 2019; Pentinsaari et al. 
2020). It is likely that this misidentification accounts for 
the phylogenetic placement of the P. maculata sequence 
(MK992483) described above, within the P. canaliculata 
cluster. These results reinforce the need for polyphasic 
approaches to taxonomy, combining molecular and mor-
phometric analyses to ensure robust species descriptions. 
This, in turn, requires that global sequence repositories 
are built on solid criteria which can then lead to identifi-
cation methodologies that are accurate and reliable.

This appears to be the first confirmed report of P. cana-
liculata in continental Africa, although it is present in La 
Réunion and Mauritius (EPPO 2020).

The arrival of this notorious invasive species in main-
land Africa raises many questions that cannot be dealt 
with in detail in this short report. One is how might it 
have arrived in Kenya? In Asia it is thought to have been 
illegally but intentionally introduced to Taiwan around 
1980, with subsequent rapid spread to other countries 
in South-East Asia “predominantly human-mediated” 
(Cowie 2002), often because it was seen as a potential 
food source. Unconfirmed media reports in Kenya sug-
gest that the snail was introduced to control weeds, but 
no permit to import the species has been issued by the 
Kenya Standing Technical Committee on Imports and 
Exports.

In South-East Asia, snails have caused significant crop 
losses in rice, resulting in annual management costs of 
more than US$1200 million (Brito and Joshi 2016). In 
Kenya farmers are already complaining about the dam-
age caused to rice in Mwea, where over 70% of the coun-
try’s rice is grown (Atera et  al. 2018). In the initial area 
of infestation, farmers have reported up to 92% damage 
to newly transplanted rice seedlings. Experience in Asia 
indicates that damage decreases as seedling age increases 

Fig. 4  Molecular phylogenetic analysis, by maximum likelihood method, of subset of representative Pomacea EF1a sequences from P. canaliculata, 
P. lineata, P. dolioides and with a representative from the present study MW589392
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and is higher where direct seeding is used rather than 
transplanting seedlings (CABI 2020). Pomacea canalicu-
lata also displays developmental and reproductive plas-
ticity allowing adaptation to a wide range of habitats with 
different climates and the magnitude of its environmental 
and agricultural damage is climatically linked and pre-
dicted to increase globally (Lei et al. 2017).

How far might it have already spread in Kenya? Delim-
iting surveys are in progress, but the Mwea rice produc-
tion area drains into the Tana River, a designated Ramsar 
wetland site and an important ecosystem in East Africa 
in which P. canaliculata could have significant impacts. 
Although renowned for the damage it causes to agri-
cultural production, there are many actual and poten-
tial environmental impacts of P. canaliculata (Carlsson 
2017; Martin et al. 2019) including direct effects through 
herbivory, competition and predation, but also indirect 
effects such as transmission of human disease and bioac-
cumulation of pollutants.

Having reached mainland Africa, there must also be 
concern that the snail will be transported to other coun-
tries in the continent, including in West Africa where 
nearly two-thirds of Africa’s rice is produced (Sers and 
Mughal 2020). Rice consumption in Africa is increasing, 
and although the gap has been reduced, the continent 
is still unable to produce sufficient rice to meet demand 
(Senthilkumar et  al. 2020). No environmental suitability 
modelling for P. canaliculata in Africa has been con-
ducted, although models have been constructed else-
where that could be used to examine the potential spread 
(Gilioli et al. 2017). A risk assessment for P. canaliculata 
in Africa is needed as a priority for which such modelling 
would be a useful input.

In the meantime, plans for containment measures and 
management should be a priority in the sections/area 
already infested, in order to prevent spread. Further, the 
National Plant Protection Organisations in Africa should 
be on the alert for this species. Based on a risk assess-
ment, phytosanitary measures should be implemented to 
reduce the likelihood of its introduction, but at the same 
time contingency plans should be prepared so that it can 
be detected and responded to early and effectively should 
it reach other countries.

Conclusions
The results obtained from our barcoding analysis show 
clearly that P. canaliculata is present in Kenya. Given 
this snail’s ongoing reputation as one of the top 100 inva-
sive species threats worldwide (Lowe et  al. 2000), such 
an early finding has real significance for plant health in 
Kenya requiring urgent remedial action.

We have also clearly demonstrated the benefits 
of DNA barcoding for detecting and verifying such 

organisms in the absence of expert morphometric mal-
acologists due to the benefits of the global sequence 
repositories such as BOLD. The matching results 
obtained from the egg showed that a barcoding 
approach enables significant time savings as there 
is no need to grow the egg to maturity for definitive 
identification.
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