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Project Goals

(1) To discover and describe cestode novelty from
- as many different countries as possible
- vertebrate groups not previously examined for cestodes

(2) To recollect from historically problematic regions and/or host taxa to resolve
major taxonomic issues

(3) To collect specimens of as many different cestode species across as great a
diversity of cestode taxa as possible

(4) To assess interrelationships at multiple levels based on phylogenetic analyses
of molecular sequence data from multiple genes informed by morphological data

(5) To attempt to reconcile cestode classification at all levels with a revised
understanding of their phylogenetic relationships

(6) To use historical data and new collections to begin to generate estimates of
total global diversity
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Training

Postdoctoral fellows # of postdoctoral fellows: 14
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Collaboration!!

Project meetings

Geneva (2009)
Melbourne (2010) (following Xllth ICOPA)
Lawrence (2011) (following 7th IWCSP)
Geneva (2012)

London (2013)

Brazil (2014) (following 8th IWCSP)




he Team

# of participants: >250




Fieldwork

# countries visited: 54
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Novelty and Diversity

# of new species: 215

# of new genera: 64

# of new combinations: 135

# of species synonymized: ~200




# of new species: 215
VAN ::/« Wl Of new genera: 64
B L VARAN # of new combinations: 135
’ & 1t of species synonymized: ~200

mM/ Cestode order \\ =" No. of n. sp. Cestode order No. of n. gen.

i

) Onchoproteocephalidea :: 20 +25 Cyclophyllidea 20 _
Cyclophyllidea s 36 Lecanicephalidea 9 1
Lecanicephalidea ;’T 31 Onchoproteocephalidea 8+ 1
Trypanorhyncha fr‘ 31 Trypanorhyncha 8
Rhinebothriidea /ol 25 Bothriocephalidea 5
Diphyllidea Y, 18 Rhinebothriidea 5

I

“Tetraphyllidea” relics "/ 10 4
Phyllobothriidea i 8 2
Caryophyllidea 1
Bothriocephalidea ( 1
Litobothriidea i

Tetrabothriidea



Diversity

Cestode order g:l-]::ava"d gse;fe :a"d CURRENT STATUS:
Amphilinidea 6 8 - 833 gener.a
Bothriocephalidea 48 132 . 4,81 0 SpecCles
Caryophyllidea 42 122

Cathetocephalidea 3 6

Cyclophyllidea 437 3,034

Diphyllidea 6 59

Diphyllobothriidea 18 70

Gyrocotylidea 1 10

Haplobothriidea 1 2

Lecanicephalidea 29 90

Litobothriidea 1 9

Nippotaeniidea 1 6

Onchoproteocephalidea 79 562

Phyllobothriidea 24 69

Rhinebothriidea 22 136

Spathebothriidea 5 6

Tetrabothriidea 6 70

“Tetraphyllidea” relics 25 104

Trypanorhyncha 81 315




Diversity

No. of valid No. of valid

Cestode order No. Cyclophyllidean family genera species ENT STATUS
g€l Acoleidae 2 5 )
Amphilinidea Amabiliidae 10 32 £ gEfliere
Bothriocephalidea Anoplocephalidae 81 480 10 species
: Catenotaeniidae 6 36
Caryophyllidea Davaineidae 37 450
Cathetocephalidea Dilepididae 90 750
Cyclophyllidea Dioicocestidae 5 21
: : Dipylidiidae 3 15
Diphyllidea Gryporhynchidae 16 76
Diphyllobothriidea Hymenolepididae 130 923
Gyrocotylidea Mesocestoididae 2 13
. Metadilepididae 10 15
Haplobothriidea Nematotaeniidae 5 19
Lecanicephalidea Paruterinidae 24 125
Litobothriidea Progynotaeniidae 6 24
_ . Taeniidae 4 50
Nippotaeniidea
Onchoproteocephalidea
Phyllobothriidea Onchoprotecephalidea No. of valid No. of valid
. . (by host group) genera species
Rhinebothriidea |: non-elasmobranch 68 316
Spathebothriidea II: elasmobranch 11 246
Tetrabothriidea o 7U
“Tetraphyllidea” relics 25 104

Trypanorhyncha 81 315




Host Associations

! \ S ( 6
48%

32,855 spp.

Vertebrate diversity

10,104 spp.

10,404 spp. ® Birds

® Mammals
Elasmobranchs
Bony fishes

® Snakes & lizards

@ Amphibians
Holocephalans
Turtles




Host Associations

Amphilinidea
Bothriocephalidea
Caryophyllidea

Haplobothriidea é(
Nippotaeniidea v -
Onchoproteocephalidea
Spathebothriidea

Cathetocephalidea
Diphyllidea

Lecanicephalidea M
Litobothriidea i ~TTA
Onchoproteocephalidea ‘
Phyllobothriidea
Rhinebothriidea
“Tetraphyllidea” relics
Trypanorhyncha

Cyclophyllidea
Acoleidae
Amabiliidae
Anoplocephg®
Davaineidae
Dilepididae
Dioicocestidae
Gryporhynchidae
Hymenolepididae
Mesocestoididiae
Metadilepididae
Paruterinidae
Progynotaeniidae

Tetrabothriidea

Vertebrate diversity

Cyclophyllidea
Anoplocephalidae
Nematotaeniidae

Onchoproteocephalidea

Cyclophyllidea
Nematotaeniidae

Amphilinidea
(Onchoproteocephalidea)

Gyrocotylidea
(Phyllobothriidea)

Cyclophyllidea
Anoplocephalidae
Catenotaeniidae

Davaineidae

Dilepididae

Dipylidiidae ® Birds

Hymenolepididae ® Mammals

Mesocestodidiae Elasmobranchs

(Paruterinidae) Bony fishes

Taeniidae @ Snakes & lizards
Diphyllobothriidea @ Amphibians
(Onchoproteocephalidea) Holocephalans

Turtles

Tetrabothriidea




Amphilinidea
Bothriocephalidea
Caryophyllidea
Haplobothriidea
Nippotaeniidea

Spathebothriidea

Cathetocephalidea
Diphyllidea
Lecanicephalidea
Litobothriidea
Onchoproteocephalidea I
Phyllobothriidea
Rhinebothriidea
“Tetraphyllidea” relics
Trypanorhyn

b

Relative cestode diversity
(species) by vertebrate class

Onchopreoteocephalidea |

21

Cyclophyllidea
Anoplocephalidae 6
Nematotaeniidae

Onchoproteocephalidea |

Host Associations

Cyclophyllidea
Nematotaeniidae e
Onchoproteocephalidea |

Gyrocotylidea

r

£

Tetrabothriidea

Cyclophyllidea

(Phyllobothriidea)

Amphilinidea

(Onchoproteocephalidea | :

Cyclophyllidea
Anoplocephalidae
Catenotaeniidae
Davaineidae
Dilepididae
Dipylidiidae
Hymenolepididae
Mesocestodidiae
(Paruterinidae)
Taeniidae

Diphyllobothriidea
(Onchoproteocephalidea |)
Tetrabothriidea

CURRENT STATUS:

Acoleidae
Amabiliidae
Anoplocephalidae
Davaineidae
Dilepididae
Dioicocestidae
Gryporhynchidae
Hymenolepididae
Mesocestoididiae
Metadilepididae
Paruterinidae
Progynotaeniidae

4,810 species

@ Hosted by birds

@ Hosted by mammals
Hosted by elasmobranchs

@ Hosted by bony fishes

@ Hosted by snakes & lizards

@ Hosted by amphibians
Hosted by holocephalans
Hosted by turtles




Host Associations—Poor hosts

Vertebrate groups hosting few or no tapeworms:

&» Sqguamata (snakes and lizards)
LB Chelonii (turtles)
&% Amphibia (frogs and salamanders)

Artiodactyla (deer, etc.) # ! ' Procellariformes (petrels, etc.)

Perissodactyla (horses, e{é.) Sphenisciformes (penguins)/(

2\

e

Primata (monkeys, etc.) &

1

W e

Scombridae (mackerels, tunas, etc.) Squaliformes (dogfishi: etc.)

“Scyliorhinidae” (cat sharks)




Host Associations—Good hosts

Vertebrate groups especially good hosts for tapeworms:

g Soricomorpha (shrews, etc.)
Passeriformes (sparrows, etc.)-

hiropt (bat
Chiroptera ( as)m Charadriiformes (plovers, seagulls, etc)

a Lagomorpha (rabbits, etc Podicipediformes (grebes)

Carnivora (bears, etc.)
lrv vora ( _ Anseriformes (ducks, geese, etc.)
~  Marsupialia (kangaroos, etc. )‘W

a

~ -

Siluriformes (catfishT etc.) Myliobatiformes (stingrays, etc.).J
Cypriniformes (carp, etm Rhinopristiformes (guitarfish, etc.)




Host Associations—New records
Bothriocephalidea

o

x? Diphyllidea Wi - av-‘-;-é—-:.,—-s

" New host family records: Gurgesiellidae'& Proscyllidae®

5
s Lecanicephalidea ﬁ\’m o
L@;é New host family records: Zanobatidae & Urolophidae; + freshwater

Onchoproteocephalidea |

JZD New host family records: Geklk/aeand Dactylmdae Pangasudg (

New genus from Australian endemic frog \x_r;,"’;’

/j&,@
if\;ﬁ/ﬂhmebothrudea \
" New host family records: Platyrhinidae &’"




Phylogenetics and Classification

# of specimens sequenced: ~1,000
# of orders sequenced: 15/19

loci: 28S rDNA, 18S rDNA, COI, 16S rDNA

M taxon coverage (by order): 10-80%

Bothriocephalidea 44%

eqauﬂqloued“L

Caryophyllidea 80%
Cathetocephalidea 75%
Cyclophyllidea (incl. Mesoc.) 10%
Diphyllidea 52%
Diphyllobothriidea 36%
Lecanicephalidea 26%
Litobothriidea 55%
Nippotaeniidea 57%
Onchoproteocephalidea 35%/12%
Phyllobothriidea 29%
Rhinebothriidea 37%
Tetrabothriidea (few)
“Tetraphyllidea” relics 33%
Trypanorhyncha 33%




Novel phylogenetic frameworks:

Bothriocephalidea
Caryophyllidea
Cyclophyllidea
Diphyllidea
Diphyllobothriidea
Lecanicephalidea
Litobothriidea
Onchoproteocephalidea
Phyllobothriidea
Rhinebothriidea
“Tetraphyllidea” relics

Trypanorhyncha

Phylogenetics
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Phylogenetics and Classification
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Adding resolution to ordinal level relationships of tapeworms
(Platyhelminthes: Cestoda) with large fragments of mtDNA

Andrea Waeschenbach, BL Webster, D.T). Littlewood *
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Classification

Trypanorhyncha [l Rhinebothriidez Lecanicephalidea | Onchopreoteocephalidea
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New family-level New family-level
classification classification

New suborders: New families: New families: Ndvetasubyfamily:
Trypanobatoidea Anthocephaliidae Aberrapecidae Rhlestudmitendage
Trypanoselaoidea Escherbothriidae Eniochobothriidae

Paraberrapecidae
Zanobatocestidae
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ABOUT TAPEWORMS:
Tapeworms (or cestodes) are a Class of
platyheiminths that as adulits are obligate
parasites in the gut of vertebrates. They
themselves lack a digestive system and are
unique in their possession of elaborations
called microtriches throughout their cuter
surface; among other functions, these
structures appear to aid in absorption of
nutrients. The life cycles of tapeworms are
complex often involving a series of 3 or more
hosts; they transfer between these hosts
when one host consumes another. The ~6,000
tapeworm species comprise 18 Orders that
differ most conspicuously in the form of their
attachment structure, the scolex.

Hiustrated Glossary

ABOUT THE PROJECT:

This NSF funded project is a collaborative
effort among cestode experts from 21
countries around the world. Its primary goal is
to expand knowledge of tapeworms globally.
Thus, in addition to giscovering novelty
through examination of vertebrate hosts and
geographic regions that have not previously
been explored for tapeworms, it alms to
compile and synthesize existing taxonomic
information on cestodes 50 as to make it easily
and publicly available. Furthermore, it aims to
provide a database system for effectively
tracking host/parasite data.
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Cyri, the spokesworm, arrives with Worm Wear Goggles for Briar and Jacob and
opens up for them a whole new exciting world that had been hidden to them until now.
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At the Aquarium, with Cyri and their Worm Waer Goggles, the kids begin to see that live in differnt kinds of animals. In their hosts, tapeworms are snuggled into the

most animals have tapeworms that live inside of them. Different kinds of tapeworms, ... surface of their host’s gul. Except for Cyn, tapeworms cannot live outside their hosts.
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In the manne mammal exhibit, Bniar and Jacob see their second baby tapeworm and They see one of the biggest tapeworms there inside of a killer whale. They also
learn that hosts get their tapeworms from food, such as raw fish. see that animals that live in ice, like polar bears, can have tapeworms.
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In the shark and stingray tanks, Briar and Jacob see all sorts of beautiful tapeworms They see that each type of tapeworm attaches to the gut in its own unique way.
Some sharks and stingrays even host more than one kind of tapeworm. Living in a scallop on the floor of the tank they also see their first baby tapeworm.
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It turns out that all sorts of birds also host tapeworms —wading birds, ducks, flamingos, Many of the tapeworms of birds are funny little creatures. The tapeworms of
wading birds are so small that as babies they live in dragonflies

woodpeckers, and even hummingbirds
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Watch out for the next adventure of Briar and Jacob and their spokesworm Cyri
when they “meet the suckers” of farm animals.
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