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Abstract

Denarycotyle  gardneri  n.  gen.,  n.  sp.  (Monogenea:  Monocotylidae)  is described  from  the  gills of the  stingray,  Rhinoptera  steindachneri  (Mylio-

batidae),  collected  in  marine  waters  off  Acapulco,  Guerrero,  Mexico.  The  genus  is  assigned  to  Euzetiinae  because  it  has  a haptor  with one  central

loculus,  one  additional  loculus  on  either  side  of  the  central  loculus  and  10 peripheral  loculi.  However, the  genus  described  herein can  be  distin-

guished  from  Euzetia, the  only  genus  currently  assigned  to  Euzetiinae,  by  the  presence  of two  accessory  structures  on the  dorsal  surface  of the

haptor  and  hamuli  with  a sclerotized  accessory  piece  on  each  hamulus.  Specimens  of D. gardneri  n. gen.,  n.  sp.  were  found  on  the  gills of  4 of

18  individuals  of  R.  steindachneri  (22%)  but  were  not present  on  Rhinobatos  glaucostigma  Jordan  and  Gilbert  (1 individual),  Urotrygon  rogersi

(Jordan  and  Starks)  (2), Narcine  entemador  Jordan  and  Starks (3),  Aetobatus  narinari  (Euphrasen)  (1)  or Dasyatis  longa  (Garman)  (3). This is

the  third  genus  and  the  fourth  species  of a monogenean  recorded  from  Rhinoptera  and  the  second  member  of Euzetiinae  from  Mexico  and  from

the  neotropics.  Keys  to  the  subfamilies  of  Monocotylidae  and  to  the  species  of Euzetiinae,  as well  as a hypothesis of phylogenetic relationships

between  Heterocotylinae,  Decacotylinae,  and Euzetiinae  are  provided.

All  Rights  Reserved  © 2015  Universidad  Nacional  Autónoma  de México,  Instituto  de  Biología.  This  is  an  open  access  item distributed  under  the

Creative  Commons  CC License  BY-NC-ND  4.0.
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Resumen

Se describe  Denarycotyle  gardneri  n.  gen.,  n.  sp.  (Monogenea:  Monocotylidae)  parásito  de las  branquias  de  la  raya,  Rhinoptera  steindachneri

(Myliobatidae),  de  Acapulco,  Guerrero,  México.  El género  se  incluyó  en  Euzetiinae  por  presentar  un haptor  con  1  lóculo central,  1  lóculo  adicional

en  cada  lado  del  lóculo  central  y  10 lóculos  periféricos.  Sin embargo,  el  género  que  se describe  ahora  se distingue  de Euzetia  –único  género

incluido  hasta  ahora  en  Euzetiinae–  por  la presencia  de 2 estructuras  accesorias  en la  superficie  dorsal  del  haptor,  y  hamuli  con  una  pieza accesoria

esclerotizada  presente  en  cada  uno  de  los  hamulus.  Los  ejemplares  de  Denarycotyle  gardneri  n.  gen.,  n.  sp.  fueron  recolectados  de 4 de 18 ejemplares

de  R.  steindachneri  (22%),  pero no  se encontraron  en Rhinobatos  glaucostigma  Jordan  y Gilbert  (1 ejemplar),  Urotrygon  rogersi  (Jordan  y  Starks)

(2),  Narcine  entemador  Jordan  y  Starks (3),  Aetobatus  narinari  (Euphrasen)  (1),  ni  en Dasyatis  longa  (Garman)  (3).  Este  es el  tercer  género  y

cuarta  especie  de  un  monogéneo  registrado  para Rhinoptera  y  es el  segundo  miembro  de Euzetiinae  en México  y el  neotrópico.  Se  presentan  una
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clave  para  las subfamilias  de  Monocotylidae  y  las  especies  de  Euzetiinae,  y  una  hipótesis  de las  relaciones  filogenéticas  entre  Heterocotylinae,

Decacotylinae  y Euzetiinae.

Derechos  Reservados  © 2015  Universidad  Nacional  Autónoma  de  México,  Instituto  de Biología.  Este  es  un artículo  de acceso  abierto  distribuido

bajo  los  términos  de la  Licencia  Creative  Commons  CC BY-NC-ND  4.0.
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Introduction

During  a collaborative  study  of  the helminths  of  marine

fishes of the southern  Pacific  coast of  Mexico, specimens

of a  monogenean  generally  similar to  members  of  Euzetia

Chisholm  and  Whittington,  2001 were  collected  from  the gills

of Rhinoptera  steindachneri  Evermann  and Jenkins,  1891.

Similar to Euzetia,  these  specimens  had 10  peripheral  loculi

and an  additional  loculus  on  either  side  of  the central loculus;

however, the  central  loculus  was  reduced  in  size,  with the

additional loculi  on either  side  of  central  loculus  in  contact with

each  other. Further  study  revealed  that  the specimens  had two

accessory structures  on  the dorsal  surface  of  the haptor,  also

lacking in  Euzetia.  Considering  these  characters,  among  others

mentioned  below,  a  new  genus  is created;  the  description  of  the

new  genus  and species is provided  herein  and the  subfamily  is

emended to accommodate  this  species.  The  key  of  Chisholm,

Wheeler, and  Beverley-Burton  (1995)  to the subfamilies  of

Monocotylidae  is revised  to  include  Euzetiinae Chisholm  and

Whittington, 2001,  and a key  to  the  genera  and species of

this subfamily  is provided.  Based  on  the characteristics  of

members  of  Heterocotylinae,  Decacotylinae,  and  Euzetiinae,

a phylogenetic hypothesis is presented  for the relationships  of

the three  subfamilies  and the  new  taxa  described  herein.

Materials  and  methods

Eighteen  specimens  of  Rhinoptera  steindachneri  were col-

lected  in  coastal  marine waters  in  Bahía  de Acapulco,  Guerrero,

Mexico (Playa  Las  Hamacas:  16◦51′10.80′′ N, 99◦53′59.02′′ W)

between February  and June, 2011.  The  external body surface

of each stingray  was  examined  using  a  magnifying  glass and

each  gill  arch was  excised,  placed  in  a Petri  dish  with  seawa-

ter, and  examined  using  a  stereomicroscope.  Monogeneans  were

removed from  gill lamellae  and transferred  temporarily  to  dishes

containing  seawater.  When  all worms  had been  collected they

were killed  with  hot water,  fixed  with  Alcohol–Formalin–Acetic

Acid  (AFA)  at room  temperature  for  at  least  12 h,  and  trans-

ferred  for  storage  to  70%  ethyl alcohol.  Specimens  were  stained

with Gomori’s  trichrome, Mayer’s  carmalum,  or  Delafield’s

hematoxylin, dehydrated in  an  ethanol  series,  cleared in  methyl

salicylate, and  mounted  in  Canada  balsam.  Specimens  were

examined  using  a  compound photomicroscope  equipped  with

normal  light and  differential  interference  contrast  microscopy

(DIC or Nomarski)  optics  and  drawings  were  made with  the

aid of a drawing  tube. Measurements  were made using  an

ocular micrometer;  all  measurements  are  given  in  microme-

ters as  the  mean  followed in  parentheses  by  the  range  and the

number  of  structures  measured.  Terminology  for  structures  of

the haptor follows  Chisholm  et al.  (1995),  and Chisholm  and

Whittington  (1998a,  2001).  Specimens  were  deposited  in  the

Colección Nacional  de  Helmintos,  Instituto  de  Biología,  Uni-

versidad Nacional  Autónoma de  México,  Ciudad  de  México,

México (CNHE);  the  Harold  W.  Manter  Laboratory, Division  of

Parasitology, University  of  Nebraska  State Museum,  Lincoln,

Nebraska (HWML).  Material examined  for this  study included:

Decacotyle  floridana  (Pratt,  1910)  Chisholm  and Whitting-

ton, 1998 (CNHE-327,  4368,  4369;  USNPC-49447;  36968;

39582; 87548; 90354);  D.  lymmae  (Young,  1967)  Chisholm  and

Whittington,  1998 (HWML-1386;  USNPC-61747);  D.  octona

(Young, 1967) Chisholm  and  Whittington,  1998 (HWML-

1389; USNPC-61759;  87549);  D.  tetrakordyle  Chisholm  and

Whittington,  1998  (USNPC-87550);  and Euzetia  lamothei

Pulido-Flores  and Monks,  2008 (CHNE-6067;  6068,  HWML-

48817, 48818,  CHE  P-6-00056).  Other  species  of  stingrays were

collected in the  same  locality  but  were  negative for  the species

described herein:  Rhinobatos  glaucostigma  Jordan  and  Gilbert,

1883 (1  individual),  Urotrygon  rogersi  (Jordan  and Starks, 1895)

(2), Narcine  entemador  Jordan  and  Starks,  1895  (3),  Aetoba-

tus cf. A.  narinari  (Euphrasen,  1790)  (1), and Dasyatis  longa

(Garman,  1880)  (3).

Description

Monocotylidae  Taschenberg,  1879  Euzetiinae  Chisholm  and

Whittington,  2001 (emended)  Type-genus:  Euzetia

Chisholm and  Whittington,  2001

Revised  diagnosis

Monocotylidae  (sensu  Chisholm  et al.,  1995). Haptor with

one central  loculus,  one  additional  loculus  on  either  side  of cen-

tral loculus,  and  10  peripheral  loculi.  Marginal  valve  present.

Sclerotized  sinuous  septal  ridge  and septal  sclerites  absent.

Hamuli with  distinct  handle  and  guard.  Fourteen hooklets  dis-

tributed in  marginal  valve.  Unsclerotized  accessory  structures

present  or absent on  dorsal  surface  of  haptor.  Eye-spots  present

in  form  of  dispersed  pigment  granules.  Intestinal  caeca  with-

out diverticula,  ending  blindly  in posterior  portion of  body.

Testis single. Male  copulatory  organ sclerotized;  accessory  piece

absent. Two  spherical internal  chambers  (sensu  Chisholm  &

Whittington,  2001;  Pulido-Flores  &  Monks,  2008)  of  ejacu-

latory  bulb  present or  absent.  Vaginal  pore  unarmed,  single,

opening on  left side  of  body  at level  of  common  genital  pore;

vagina not  sclerotized.  Common  genital  pore unarmed.  Parasites

of  Rhinopteridae.
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Remarks

The  revised  diagnosis  follows  Chisholm  and Whittington

(2001) with  the  following  emendations:  unsclerotized  accessory

structures  are  present  or  absent  on the  dorsal  surface  of  haptor

and internal  chambers  are present or  absent  in  the ejaculatory

bulb. Chisholm  and Whittington  (2001)  noted  the  resemblance

of members  of  Euzetiinae  (at  that  time,  only  Euzetia  occultum

Chisholm  and  Whittington,  2001  was  assigned  to  the  sub-

family) with  members  of  Decacotylinae  Chisholm,  Wheeler  and

Beverley  Burton,  1995 in  having  10 peripheral  loculi.  The  dis-

covery  of  the  new  genus  described  below  reinforces  this  shared

similitude. The  presence of  dorsal  unsclerotized  haptoral  acces-

sory structures  in  Euzetiinae  also  suggests  a  close  relationship

between the  two  subfamilies.  These  structures,  called  dorsal hap-

toral  protuberances  (dhp)  by  Chisholm  et al.  (1995)  and dorsal

unsclerotized  haptoral  accessory  structures  (dhas)  by  Chisholm

and Whittington  (1998b), are features  shared with  members

of Decacotylinae  and Heterocotylinae  Chisholm,  Wheeler  and

Beverley Burton,  1995.

Denarycotyle  n. gen. (Fig. 1A–C)

Diagnosis

With  characters  of  the  subfamily  Euzetiinae  as  emended

above.  Mouth  surrounded  by  distinct  ridges. Haptor with  one

central  loculus  and 10  peripheral  loculi  (Fig.  1A);  one addi-

tional loculus  on  either  side  of  central  loculus,  in  contact with

each other  anterior  to central  loculus.  Two  unsclerotized  acces-

sory structures  present  on  dorsal  surface of  haptor  associated

with posteriormost  loculi.  Hamuli  with  accessory  sclerotized

piece (asp)  (Fig.  1C).  Ejaculatory  bulb  without  spherical internal

chambers  (Fig. 1B).

Taxonomic  summary

Type-species. Denarycotyle  gardneri  n.  gen.,  n.  sp.

Etymology. The  generic  epithet refers  to the 10  peripheral

loculi, to  draw  attention  to  the similarity  with  members  of  Deca-

cotylinae.

Remarks

The  only  monocotylid  reported  to  have  an  accessory  piece

on the  hamuli  that is sclerotized  (asp,  sensu  Young,  1967)

is Troglocephalus  rhinobatidis Young,  1967  (Dasybatotremi-

nae). However,  the shape  is different  (Chisholm  et al., 1995;

Young, 1967). The  accessory  sclerotized  piece (asp;  sensu

Young,  1967)  of  the hamuli of  members  of the  new  genus

is a single-pointed  structure  that  is  narrowly  semicrescentic

(Fig.  1C)  (see Clopton,  2004  for a  comprehensive  discussion

and tables  of  standard  terminology  for  shapes);  the  asp  of

T. rhinobatidis  is not concave,  but  blade-like with  more than

one  point  on  the posterior end of  the  structure  (Chisholm

et al., 1995;  Young,  1967). Species  of  Euzetia  do not  have

hamuli with  an  asp.  Members  of  Euzetia  possess  a  hap-

tor with  one central  loculus,  with  an  additional  loculus on

either  side,  and 10 peripheral  loculi,  features  also  shared  with

Denarycotyle n.  gen.,  although  the three  central loculi  are

of  different  shapes in  each.  In  Euzetia, the three loculi  are

approximately the same  size  and  shape, and the two additional

loculi are entirely  lateral  to  the central  loculus  (Chisholm  &

Whittington,  2001;  Pulido-Flores  &  Monks,  2008). In  contrast,

in  Denarycotyle  n.  gen., the  central  loculus  is smaller  than  the

loculi  on  either  side  of  the central  loculus,  and in  contact with

each other  anterior  to  the central  loculus  (Fig.  1A). Members

of  Euzetia  have  two internal  chambers  in  the  ejaculatory  bulb,

a feature  not present in  the new  genus  (Fig.  1B).  A suite of

three characters,  the presence  and shape  of  the  accessory  scle-

rotized piece on  the hamuli,  the presence of  two  unsclerotized

accessory  structures  on  the dorsal  surface  of  the  haptor,  and

the absence  of  internal  chambers  in  the ejaculatory  bulb  distin-

guish  Denarycotyle  n.  gen.  from  Euzetia,  the  only  other genus

currently assigned to  the subfamily.

Denarycotyle  gardneri n.  sp.  (Fig. 1A–C)

Diagnosis. Measurements  based  on  10 specimens.  Body

(excluding haptor)  439  (390–490,  n =  10)  long by 178  (155–210,

n =  10) wide  at level  of  anterior  margin  of testis.  Haptor  very

broadly elliptoid,  185  (60–225,  n =  10) long  and 235  (215–270,

n =  10) wide,  with  one  central loculus  and 10 peripheral  loculi

(Fig.  1A); one  additional  loculus  on  either  side  of  central  locu-

lus,  larger  in size  than  central  loculus,  in  contact with  each

other anterior  to  central loculus.  Two  unsclerotized  accessory

structures present on  dorsal  surface  of  haptor,  associated  with

posteriormost  loculi  (Fig.  1A). Marginal  valve  with 14 hooklets,

9  (7–10,  n =  18)  long  distributed  as  illustrated  (Fig.  1A).  Hamuli

with  accessory  sclerotized  piece,  41  (38–45,  n =  16) long,  with

handle 14  (13–20,  n =  15)  long, associated  with  posterolateral

septa (Fig.  1A). One  anterior  gland  present  on  each  side,  lateral

to  pharynx,  ascending  ducts connected  by  a  lateral  commis-

sure located anterior  to  mouth,  ducts continuing  to  openings  on

anterior  margin  of  head; contents  of  glands  not observed.  Antero-

median  gland  not  observed. Eye-spots  in  form  of dispersed

pigment  granules  located anterodorsal  to  pharynx  (Fig. 1B).

Mouth ventral,  subterminal,  anterior  and  posterior muscular

ridges  present around  mouth;  esophagus  absent  (Fig.  1A).  Phar-

ynx muscular  64  (55–80,  n  =  9)  long,  54  (45–65,  n =  9) wide,

with 6–8  transversal  muscular  packets  (Fig.  1A and B). Intestinal

ceca  without  diverticula, extending  laterally  to  posterior  portion

of  body proper, not confluent  posteriorly.  Cecal  bifurcation  129

(115–162,  n =  9)  from anterior  end  of  body. Testis single,  spher-

ical  to  oval, 112  (80–170,  n =  9)  long  and  114  (95–148,  n  =  9)

wide (Fig.  1A and B).  Vas deferens  arising  from  left side  of  testis,

enlarged  to  form  spherical  reservoir,  60  (47–80,  n = 9)  long by

18 (17–20,  n = 9)  wide, leading  to  a  smaller  reservoir curved

toward left side  of body; loosely  coiled  narrow  duct  ascending

dorsally, posterior  to  genital  pore,  to  connect  to  seminal  vesicle.

Seminal  vesicle  74 (53–107,  n =  9)  long  by  42  (33–50, n  =  9)

wide (Fig.  1A and B), connected  to  spherical  ejaculatory  bulb,

19 (16–23,  n =  9)  long  and 20 (18–23,  n  =  9)  wide,  by  short,  nar-

row duct  (Fig.  1B).  Chambers  within ejaculatory  bulb  absent.

Accessory  glands  associated  with  ejaculatory  bulb  not observed.

Male copulatory organ short  sclerotized tube  19 (15–22, n  =  7)

long and 3  (3–4,  n  =  7)  wide (Fig.  1B);  accessory  piece absent.
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Figure 1. Line drawings of Denarycotyle gardneri n.  gen.,  n. sp.  (A) holotype, ventral view; (B) detailed view of male and female reproductive systems, ventral view

(CNHE-9558); and (C) hamuli (r,  right; l, left). Scale bars: A,  B = 50 �m; C = 20 �m. Abbreviations: ar, anterior ridge; asp, accessory sclerotized piece; cgp, common

gonopore; dhas, dorsal haptoral accessory structure; e, eyespots as dispersed pigment; eb, ejaculatory bulb; h, hooks; ha, hamulus; i, intestine; m, mouth; mco, male

copulatory organ; mg, Mehlis’ gland; mv, marginal valve; o, ovary; oot, oötype; p, pharynx; s,  spherical reservoir; sr, seminal receptacle; sv, seminal vesicle; t, testis;

tvd, transverse vitelline duct; v, vagina; vp, vaginal pore.

Ovary  elongate, V-shaped,  with  lateral arm  of “V”  encircling

right intestinal  cecum  dorsoventrally  and  narrowing to  form

oviduct.  Longitudinal  length  of ovarian mass 94 (81–116,  n =  9)

(Fig.  1B).  Oviduct  receives duct  from  seminal  receptacle  and

common  vitelline  duct  and joins  oötype  (Fig.  1B).  Mehlis’  gland

not prominent  (Fig.  1B).  Oötype  115  (95–150,  n  = 9)  long  and 40

(30–55,  n  =  9)  wide,  opening  medially at  unarmed  common  gen-

ital pore. Vaginal  pore  unarmed,  opening  ventrally on left  side

slightly  posterior to  common  genital pore  located  137  (122–160,

n =  6) from anterior  end of  body.  Vagina  muscular,  unsclero-

tized, in  shape  of  an  elongate sack, 35  (30–40,  n  =  8)  long  and

11 (8–17,  n =  8) wide.  Proximal  portion  of  vagina  connected
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to  seminal  receptacle  by  a  narrow  duct. Seminal  receptacle 39

(32–45, n =  9) long  and 21  (15–32,  n =  9) wide (Fig.  1B).  Vitel-

larium extending  from level  of  posterior  portion  of  pharynx  to

posterior of  body  proper.  Transverse  vitelline  duct  common,  aris-

ing from  dorsal  vitelline  glands to  join  oviduct. Egg  tetrahedral,

side  length  40 (n =  1)  by  52  wide (n  =  1)  (egg measured  within

oötype); short  appendage  present  at one pole.

Taxonomic  summary

Type  host.  Rhinoptera  steindachneri  Evermann  and  Jenkins,

1891  (Myliobatidae).

Type locality.  Playa  Las Hamacas,  Acapulco,  Guerrero,  Méx-

ico (16◦51′10.80′′ N,  99◦53′59.02′′ W).

Prevalence and  intensity.  4  of  18  (22%)  individuals  of

Rhinoptera steindachneri  infected  (mean  intensity  = 11.5).

Specimens deposited.  Holotype  CHNE-9558;  paratypes

CHNE-9559 (six  specimens),  paratypes  HWML-75364  to

75367 (four  specimens).

Site  of  infection.  Gills.

Etymology.  The specific  epithet honors Dr.  Scott Lyell  Gard-

ner, Harold  W. Manter  Laboratory  of Parasitology,  University

of Nebraska-Lincoln,  Lincoln,  Nebraska,  U.S.A.  for his years

of friendship,  both personal  and professional,  and his help in

obtaining  the grant  that  gave  the authors  the opportunity  for  this

study.

Remarks.

Of  the Monocotylidae,  only  representatives  of  Euzetia,  Deca-

cotyle Young, 1967 and Denarycotyle  n. gen.  have  a haptor  with

10 peripheral  loculi  (Fig.  1A) (Chisholm  &  Whittington,  1998b,

2001;  Pulido-Flores  &  Monks,  2008). Both Decacotyle,  type

genus  of  Decacotylinae,  and  Denarycotyle  n.  gen.  have  unscle-

rotized  accessory  structures  on  the dorsal  surface  of  the haptor.

The  presence  of  an  additional  loculus  on either  side  of  the cen-

tral loculus  in  Denarycotyle  and the  presence  of  an  accessory

sclerotized piece  on  the hamuli,  features  not  present  in Deca-

cotyle, clearly distinguishes  between  the  two  genera. The  new

species shares  lateral  loculi  (on either  side)  of  the central  loculus

with members  of  Euzetia,  type  genus  of  Euzetiinae,  but  it  can be

distinguished  by  having two unsclerotized  accessory  structures

on the dorsal  surface  of  the  haptor,  a sclerotized  accessory  piece

on each hamulus,  the  absence  of  the two internal  chambers  in

the ejaculatory  bulb,  features  which  are not present  in  Euzetia.

Furthermore,  in  the only  species of  Denarycotyle  n.  gen.  that  is

presently  known,  the  additional  loculi  on either  side  of  the  cen-

tral loculus  are  larger  than  the  central loculus,  and  they are  in

contact with  each  other anterior  to  the central  loculus  (Fig.  1A),

but in  Euzetia  the  three  loculi  are approximately  the  same shape

and  size, and  the central  loculus  completely  separates  the  loculi

on either  side  (Chisholm  &  Whittington,  2001;  Pulido-Flores  &

Monks,  2008).

Key to the subfamilies of the Monocotylidae.

1. Vagina double . . .  .  . . .  . . . . . . . . . . . . . . . . . . . .  . . .  . . .  . . .  .  . . .  .  . .  .  . .  .  .  .  . .  .  .  . .  .  . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . .  .  . . .  . . .  .  . .  .  .  .  . .  .  . . .  .  . . .  . . .  . . . . . .6

- Vagina single, opening on left ventral surface . .  .  . . . . .  . . . . .  .  . .  . .  .  . .  . . . . . .  .  . .  . .  .  . .  . .  .  . . . . .  . . .  . . .  . .  .  . .  . .  .  . .  . . .  . . . . .  . . .  . . .  . .  .  . .  . . .  . .  . . .  . . . . . .  . .  .  . .2

2. Haptor with 10 peripheral loculi .  . . . . . .  . . .  .  .  . . . . . .  .  .  .  . . .  . . . . . .  .  .  .  . . . . . .  .  .  . . . . . . . . .  .  . .  . . . . . .  .  .  .  . . . . . .  . .  .  . .  . . . .  . .  .  .  .  . . . . . .  .  .  .  . . . . . .  . . .  .  .  . . . . .3

- Haptor with seven, eight or nine peripheral loculi . . . . . . .  .  . . . . .  . .  .  .  . . . .  .  .  . .  . . .  . . .  . . . . .  .  .  . . . .  .  .  . . . . . .  .  .  . . . . . . . .  . . . . .  .  .  . . . . . .  .  .  . . . .  .  .  .  .  . . . . .  .  .  .  . .4

3. Haptor with one central loculus and  without one additional loculus on either side of central loculus (Chisholm & Whittington, 2005) .  .  . . . .  . . . Decacotylinae

- Haptor with one central loculus and one additional loculus on either side of the central loculus . . . .  .  .  .  . . .  .  . .  . . . .  . .  .  . . . .  . .  . . . . .  . .  . . . .  .  .  .  . . Euzetiinae

4. Dorsal surface of  haptor armed with accessory structures . . .  . .  .  . .  . . .  . . .  . .  .  . .  . . . . . . . . .  .  . .  . . .  . . .  . . .  . .  . . .  . . . . . .  .  .  .  . . .  . . .  . . Heterocotylinae

- Dorsal surface of haptor without accessory structures . .  .  . . .  .  . . . .  . .  . .  . .  . .  . . . .  . . . . . .  .  . . . .  . . . .  . .  . .  . . . .  .  . . . .  . . . .  . .  . .  . . . .  . . . . . . .  . .  . .  . .  . 5

5. Septa of haptor armed with numerous small sclerites; haptoral papillae present, armed with numerous small sclerites .  . .  . .  .  . . . . .  .  . . . . .  .  . Monocotylinae

- Septa of haptor without numerous small sclerites; haptoral papillae usually absent (present but unarmed in  Dasybatotrema Price, 1938) . . . .  Dasybatotreminae

6. Haptor with seven peripheral loculi (rarely with numerous, irregular, unevenly distributed loculi; Dictyocotyle Nybelin, 1941) (Nybelin, 1941); ejaculatory bulb

with two distinct spherical chambers (Chisholm, Hansknecht, Whittington, & Overstreet, 1997); testis follicular . . . .  .  . . .  . .  .  .  . .  . . .  .  . .  . . . . . .  Calicotylinae

- Haptor with three to  seven peripheral loculi (rarely with numerous, irregular, unevenly distributed loculi; Cathariotrema Johnston and Tiegs, 1922) with

numerous, irregular, unevenly distributed loculi); marginal loculi  present; ejaculatory bulb without two spherical chambers; testis single, rounded (Chisholm &

Whittington, 1999) .  .  . .  .  .  .  .  .  .  . . . . . . . . . . .  . . . . .  .  .  .  .  .  .  .  . . .  .  .  . . . . . .  .  . . . .  .  .  .  .  .  .  .  . . .  . .  . . . . . . .  . . . .  .  .  .  .  .  .  . . . . Merizocotylinae

Key to the genera and  species of the Euzetiinae.

1. Unsclerotized accessory structures on the dorsal surface of the haptor; hamulus with  accessory sclerotized piece; internal chambers in the ejaculatory bulb

absent .  .  .  . . . .  . .  .  . . .  .  . .  . . .  . . . . . . .  . .  .  . .  .  . . . . . .  . .  .  . . .  .  . .  .  . .  . . . . . .  .  . .  .  . . . . . .  . . .  . .  .  . . .  .  . .  . .  .  . (Denarycotyle n. gen.) D. gardneri n. gen., n. sp.

- Accessory structures on the dorsal surface of haptor absent; hamulus without sclerotized accessory piece; ejaculatory bulb with two internal

chambers . . .  .  .  . . .  . . .  . . .  .  . .  .  . . .  . . .  . . .  .  . . . . .  . . .  .  . . .  . . .  . . .  .  . .  .  . . .  . .  .  . .  .  . . .  . . . . .  .  .  . .  . . .  . . .  .  . . .  . . .  (Euzetia)  2

2. Male copulatory organ sclerotized, in form  of small funnel; vas deferens sigmoid; vaginal chamber present .  . . .  . E. lamothei Pulido-Flores and Monks, 2008

- Male copulatory organ sclerotized, short, tubular; vas deferens narrow, loosely coiled; vaginal chamber absent . .  . .E. occultum Chisholm and Whittington, 2001
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Discussion

Since  the formal  conception  of  Monocotylidae  by

Taschenberg  (1879)  (at  the  subfamilial  level),  the  interest  in  the

group has  grown.  Price  (1938), Dawes  (1946),  and  Sproston

(1946) recognized  Monocotylidae  as  a  family  with  five  sub-

families,  three  of  which, Monocotylinae  Taschenberg,  1879,

Calicotylinae  Monticelli,  1903,  and Merizocotylinae  Johnston

and Tiegs,  1922,  are still  considered  to be part  of  the family,

with Dasybatotreminae  Bychowsky,  1957  as  a  later  addition

(Bychowsky,  1957). In  the  only  comprehensive  cladistic  anal-

ysis of  the phylogenetic relationships  of  putative members  of

the family  using  morphological  characters,  Chisholm  et al.

(1995) recognized  the aforementioned  subfamilies  and  pro-

posed the  addition  of  Decacotylinae Chisholm,  Wheeler,  and

Beverly-Burton,  1995  and  Heterocotylinae  Chisholm,  Wheeler,

and Beverly-Burton,  1995.  However, that  study  did  not  resolve

the relationships  between  the subfamilies.  Subsequently,  Euzeti-

inae Chisholm  and Whittington,  2001,  was  added  as  a  seventh

subfamily (Chisholm  &  Whittington,  2001); members  of  Euzeti-

inae have  not been  included  in  any  formal analysis  to  date.

Recently studies  using  molecular  data  have  not been  able  to

determine  completely  these relationships,  but  the interpretations

of those  data  suggest  that  Heterocotylinae  and Decacotylinae

are closely  related  (Chisholm,  Morgan, Adlard,  &  Whittington,

2001; Fehlauer-Ale  &  Littlewood,  2011;  Olson & Littlewood,

2002). Members  of  the two subfamilies  share some structural

features (Chisholm  &  Whittington,  1996,  1998b; Chisholm

et al., 1995);  among  these,  the presence  of  accessory  structures

on the dorsal  surface  of  the haptor  is a putative  synapomor-

phy. Presence  or  absence  of  sclerotization  of  the dorsal  haptoral

accessory structures  (dhas)  has been  used  to distinguish  between

members  of  the  two  subfamilies,  but  recent  work  (Chisholm,

2013; Vaughan  &  Chisholm, 2010a,  2010b) has  cast  doubt  on

the ability to recognize  sclerotization  in  some  structures.

Chisholm  et al. (1995)  did not explain why  they  considered

the dorsal  protuberance  with  no  evident  sclerotization  to  not  be

homologous  with the  dorsal  haptoral  accessory  sclerites  (dhas),

which also  are rounded  protuberances  on  the  dorsal haptor

of some  species  of  Heterocotylinae  (Chisholm  &  Whittington,

1996, 1998b); the dhas  also  is referred  to  as  a dorsal  haptoral

“bump” in  some works  (Chisholm, 1995).  In  many  species of

both subfamilies  the  dhas  are  broadly  to  narrowly  rounded,

although some  are  spine-like  (Vaughan  &  Chisholm,  2010a,

2010b). The  similarity  between the rounded  forms  of  dhas  sug-

gests that  they  are homologous,  with sclerotization  being  a

separate character  (Fig.  2).

The presence  and  form  of  oral  ridges  were  used  by

Domingues  and  Marques  (2011) as  diagnostic  characters  in  a

phylogenetic analysis.  Oral  grooves  and oral  ridges,  in  several

forms, have  been illustrated  and described  by  many  authors

(Chisholm,  1994,  1995,  2013;  Chisholm  &  Whittington,  1995,

2000;  Domingues  &  Marques,  2007,  2011;  Domingues,  Pancera,

& Marques,  2007;  Santos,  Santos,  Cunha, &  Chisholm, 2012;

Vaughan  & Chisholm,  2009,  2010a, 2010b;  Vaughan,  Chisholm,

& Christison,  2008;  Whittington,  Barton,  & Lester,  1989), but  a

complete interpretation  is still  lacking.

Euzetiinae

Euzetia
Denarycotyle

n. gen.Heterocotylinae Decacotylinae

HGFE

D

C

B

A

Figure 2. Characters supporting the relationship between Heterocotylinae,

Decacotylinae, and Euzetiinae, and assignment of Denarycotyle n. gen. to

Euzetiinae: (A) characters plesiomorphic for these taxa as given in Chisholm

et al. (1995);  (B) presence of dorsal haptoral accessory structures (dhas); (C) 10

peripheral loculi; (D) additional loculus on each side of the central loculus; (E)

seven to nine peripheral loculi and the presence of sclerotization of the dhas; (F)

presence of internal chambers in the ejaculatory bulb and secondary absence of

dhas; (G) additional loculi larger than the central loculus and the presence of an

accessory structure each hamulus; and (H) secondary absence of sclerotization

of the dhas.

Domingues  and Marques  (2011)  listed  12  species  of

Potamotrygonocotyle Mayes, Brooks  and Thorson, 1981  (Het-

erocotylinae)  that  have  sclerotized oral  ridges  and Chisholm

(2013) listed  an additional  12  species  that  have  muscular  oral

ridges.  However,  Chisholm  (2013)  commented  on  the  difficulty

of  distinguishing  between  oral  ridges  that  are muscular  and

those that  are sclerotized.  This  argument  was  supported  by  cit-

ing studies  of  sclerotized  structures  in  monocotylids  carried out

by Vaughan  and Chisholm  (2010a,  2010b) in  which  proteolytic

digestion  of  the  haptor  of  specimens  of  H.  tokoloshei  Vaughan

and Chisholm, 2010 and N.  robii  Vaughan and Chisholm,  2010,

in  which  the  degree  of  digestion  of  the sinuous  ridge  on  the septa

was equal to  that  of  other non-sclerotized  parts  of  the  haptor;  this

was interpreted  as  casting doubt  on  the determination  of  pres-

ence of  sclerotized structures  using  microscopy.  In  spite  of  this,

we used microscopy  (with  DIC  illumination)  as  the  basis  for our

characterization of  the oral  ridges of  D.  gardneri n.  gen., n.  sp.

as muscular  and to  characterize  the  accessory  sclerotized piece

on the hamuli as  sclerotized.

Studies  of  morphological  and of  molecular  data  separately

have supported  the value of  the  number  of  haptoral  loculi  in the

recognition  of  taxa  within  the  family  (Chisholm,  2013;  Chisholm

&  Whittington,  1998a;  Chisholm  et al.,  1995,  2001;  Fehlauer-

Ale &  Littlewood,  2011;  Olson &  Littlewood,  2002). These

features  are  useful  for  distinguishing  between  the subfamilies

and are important  for differentiation  of  the assigned  genera.

Of the  seven  subfamilies,  Decacotylinae  and Euzetiinae  have

10  peripheral  haptoral  loculi  (see  key).  Members  of  Euzetiinae

are distinguished  by  the  presence  of  an additional  loculus  on

either  side  of  the central loculus.  In  light  of these  characters,
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and  others  included  in  previous  studies mentioned above,  the

presence of  dorsal  haptoral  accessory  structures  is a  puta-

tive synapomorphy  for Heterocotylinae,  Decacotylinae,  and

Euzetiinae  (dhas  secondarily  absent  in  Euzetia).  Members  of

Heterocotylinae  have  7–9  peripheral  loculi; having  10 periph-

eral loculi  is  a  synapomorphy  for  Euzetiinae  and Decacotylinae.

Euzetiinae is  distinguished  from  Decacotylinae  by  the additional

loculus on each side  of  the central loculus  and two cham-

bers in the ejaculatory  bulb,  features  absent  in  Decacotylinae

(Chisholm  & Whittington,  2001;  Pulido-Flores  &  Monks,  2008).

Denarycotyle n. gen.  is  assigned  to  Euzetiinae  because  it shares

having  10  peripheral  loculi  and  an  additional  loculus  on each  side

of the central  loculus.  Denarycotyle  n.  gen.  can  be  distinguished

from Euzetia  by the absence  of  chambers  in  the  ejaculatory  bulb,

presence  of  dhas,  and the additional  loculi  being  much  larger

than  the  central  loculus.  This  hypothesis is presented  in  Fig.  2.

Chisholm  and  Whittington  (2001)  created Euzetiinae  to

accommodate Euzetia  occultum,  the  first  monocotylid  to  be

described  from  the  gills  of a  species of  Rhinoptera  Cuvier  (on  R.

neglecta Ogilby,  1912  from  Australia).  Later,  E.  lamothei from

R. bonasus  (Mitchill,  1815)  from Campeche,  Gulf  of  México,

was the second  member  of  Euzetia,  to  be  described  (Pulido-

Flores & Monks,  2008). Denarycotyle  gardneri  n.  gen.,  n. sp.,

parasite  of the gills  of R. steindachneri  from  the Pacific  coast of

México,  is  the  third published  record  of  a monocotylid  collected

from stingrays  of this  genus.

Acknowledgments

The authors  thank  all those who made  possible  the exam-

ination of specimens,  especially  Scott  L.  Gardner,  Curator,

and Gabor  R.  Racz,  Collection  Manager,  at the  HWML. Mary

Hanson  Pritchard,  Affiliate  of the  HWML,  provided  access  to

literature in  the  laboratory  archives.  Part of  this  manuscript  was

prepared during  a research  visit  to  the HWML,  which  provided

office and  laboratory  space,  access  to  computers,  the  reprint

collection, and microscopes.  Several reviewers  provided  com-

ments. This  study  was supported  by funds  from  the Patronato

Universitario (Gerardo  Soza Castelán,  President), Universi-

dad Autónoma  del  Estado de Hidalgo  (UAEH),  the Consorcio

de Universidades  Mexicanas  (CUMEX)  and  the  Programa  de

Mejoramiento del Profesorado  (PROMEP)  (Project  title-Red

temática: Calidad  ambiental  y desarrollo  sustentable).

References

Bychowsky, B. E. (1957). Monogenetic trematodes: their systematics and phy-

logeny. English translation from the Russian by P. C.  Oustinoff, edited by

W.J. Hargis Jr (1961). Washington, DC: American Institute of Biological

Sciences.

Chisholm, L. A. (1994). A review of Neoheterocotyle (Monogenea: Monocotyl-

idae). Journal of  Parasitology,  80,  960–965.

Chisholm, L. A. (1995). A redescription of Heterocotyle pastinacae Scott, 1904

(Monogenea: Monocotylidae) from Dasyatis pastinaca (Dasyatididae), with

a neotype designation. Systematic Parasitology, 30,  207–211.

Chisholm, L. A. (2013). Septesinus gibsoni n. g., n. sp.  (Monocotylidae: Hete-

rocotylinae), from the gills of Himantura walga (Dasyatidae) off  Sarawak,

Borneo. Systematic Parasitology, 84,  255–264.

Chisholm, L. A., Hansknecht, T. J., Whittington, I. D., & Overstreet, R. M.

(1997). A revision of the Calicotylinae Monticelli, 1903 (Monogenea: Mono-

cotylidae). Systematic Parasitology, 38, 159–183.

Chisholm, L. A., Morgan, J.  A., Adlard, R. D., & Whittington, I.  D.  (2001).

Phylogenetic analysis of the Monocotylidae (Monogenea) inferred from 28S

rDNA sequences. International Journal for Parasitology, 31, 1537–1547.

Chisholm, L. A., Wheeler, T. A., & Beverley-Burton, M.  (1995). A phylogenetic

analysis and revised classification of the Monocotylidae Taschenberg, 1879

(Monogenea). Systematic Parasitology,  32,  159–191.

Chisholm, L. A., &  Whittington, I. D. (1995). A revision of Dendromonocotyle

Hargis, 1955 (Monogenea: Monocotylidae) with a  description of a new

species from Pastinachus sephen (Forsskål) (Myliobatiformes: Dasyatidi-

dae) from the Great Barrier Reef Australia. Journal of  Natural History,  29,

1093–1119.

Chisholm, L. A., & Whittington, I.  D. (1996). A revision of Heterocotyle (Mono-

genea: Monocotylidae) with a description of Heterocotyle capriocornensis

n. sp. from Himantura fai (Dasyatididae) from Heron Island, Great Barrier

Reef, Australia. International Journal for Parasitology,  26,  1169–1190.

Chisholm, L. A., & Whittington, I. D.  (1998a). Morphology and development

of the haptors among the Monocotylidae (Monogenea). Hydrobiologia, 383,

251–261.

Chisholm, L. A., & Whittington, I. D.  (1998b). Revision of Decacotylinae

Chisholm, Wheeler & Beverley Burton, 1995 (Monogenea: Monocotyli-

dae), including the synonymy of Papillicotyle Young, 1967 with Decacotyle

Young, 1967 and a description of a  new species from  Australia. Systematic

Parasitology, 41, 9–20.

Chisholm, L. A., & Whittington, I.  D.  (1999). A revision of the Merizocotylinae

Johnston and Tiegs, 1922 (Monogenea: Monocotylidae) with description of

new species of Empruthotrema Johnston and Tiegs, 1922 and Merizocotyle

Cerfontaine, 1894. Journal of Natural History, 33, 1–28.

Chisholm, L. A., & Whittington, I. D. (2000). Heliocotyle ewingi sp. n.  (Monoge-

nea: Monocotylidae) from the gills of Myliobatis australis (Myliobatididae)

from Tasmania, Australia. Folia Parasitologica (Praha),  47, 100–104.

Chisholm, L. A., & Whittington, I.  D. (2001). Euzetia occultum n. g.,

n. sp. (Euzetiinae n. subf.), a monocotylid monogenean from the gills

of Rhinoptera neglecta (Rhinopteridae) from Moreton Bay, Queensland,

Australia. Systematic Parasitology,  48, 179–183.

Chisholm, L. A., & Whittington, I.  D.  (2005). Decacotyle cairae n. sp.  (Mono-

genea: Monocotylidae) from the gills of Pastinachus sp. (Elasmobranchii:

Dasyatidae) from the  South China Sea off Sarawak, Borneo, Malaysia. Sys-

tematic Parasitology,  61,  79–84.

Clopton, R. E. (2004). Standard nomenclature and metrics of plane shapes for

use in gregarine taxonomy. Comparative Parasitology,  71,  130–140.

Dawes, B. (1946). The Trematoda with special reference to  British and other

European forms. Cambridge: Cambridge University Press.

Domingues, M. V., & Marques, F. P. L. (2007). Revision of Potamotrygono-

cotyle Mayes, Brooks & Thorson, 1981 (Platyhelminthes: Monogenoidea:

Monocotylidae), with descriptions of four new species from the gills of

the freshwater stingrays Potamotrygon spp. (Rajiformes: Potamotrygonidae)

from  the La Plata river basin. Systematic Parasitology,  67, 157–174.

Domingues, M.  V., &  Marques, F. P. L. (2011). Phylogeny and taxonomy of

Potamotrygonocotyle Mayes, Brooks & Thorson, 1981 (Monogenoidea:

Monocotylidae) with a description of four new species. Journal of

Helminthology, 85,  353–380.

Domingues, M. V., Pancera, N.  C. M., & Marques, F. P. L. (2007).

Monogenoidean parasites of freshwater stingrays (Rajiformes: Pota-

motrygonidae) from the Negro River, Amazon, Brazil: Species of

Potamotrygonocotyle (Monocotylidae) and  Paraheteronchocotyle (Hex-

abothriidae). Folia Parasitologica, 54, 177–190.

Fehlauer-Ale, K. H., &  Littlewood, D. T. J. (2011). Molecular phylogeny of

Potamotrygonocotyle (Monogenea, Monocotylidae) challenges the validity

of some of its species. Zoologica Scripta, 40,  638–658.

Nybelin, O. (1941). Dictyocotyle coeliaca n. g. n. sp. ein Leibeshöhlebe-

wohnender monogenetischer Trematode. Göteborgs Kungliga Vetenskaps-

och Vitterhets-Samhälles handlingar, Series B,  1–19.

Olson, P. D., &  Littlewood, D. T. J. (2002). Phylogenetics of the

monogenea-evidence from a medley of molecules. International Journal

for Parasitology,  32,  233–244.

http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0005
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0010
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0015
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0020
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0025
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0030
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0035
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0040
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0045
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0050
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0055
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0060
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0065
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0070
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0075
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0080
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0085
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0090
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0095
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0100
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0105
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0110
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0115


G.  Pulido-Flores et  al. /  Revista Mexicana de Biodiversidad 86 (2015) 582–589 589

Price, E. W.  (1938). North American monogenetic trematodes. II. The fam-

ilies Monocotylidae, Microbothriidae, Acanthocotylidae and  Udonellidae

(Capsaloidea). Journal of  the Washington Academy of Science,  28, 109–126.

Pulido-Flores, G., & Monks, S. (2008). A new species of Euzetia (Monogenea:

Euzetiinae) on the gills of Rhinoptera bonasus (Rhinopteridae) from Ciudad

del Carmen, Campeche, México. Revista Mexicana de Biodiversidad,  79,

83S–88S.

Santos, C. P., Santos, A.  L., Cunha, R., & Chisholm, L. A. (2012). A new species

of Heterocotyle Scott, 1904 (Monogenea: Monocotylidae) from the gills of

Dasyatis guttata (Dasyatidae) in  southwestern Atlantic waters off Rio de

Janeiro, Brazil. Systematic Parasitology, 81,  65–70.

Sproston, N. G. (1946). A synopsis of the monogenetic trematodes. Transactions

of the Zoological Society of  London,  25, 185–600.

Taschenberg, E. O.  (1879). Zür systematik der  monogenetischen Trematoden.

Zeitschrift für die Gesammten Naturwissenschaften (Berlin), 52,  232–265.

Vaughan, D. B., & Chisholm, L. A. (2009). Three Dendromonocotyle species

(Monogenea: Monocotylidae) reported from captive rays, including D. lot-

teri sp. n. from Himantura gerrardi (Elasmobranchii: Dasyatidae) in  the

public aquarium at the Atlantis resort, Dubai. Folia Parasitologica,  56,

99–106.

Vaughan, D.  B., &  Chisholm, L. A. (2010a). Heterocotyle tokoloshei sp.

nov. (Monogenea, Monocotylidae) from the gills of Dasyatis brevicau-

data (Dasyatidae) kept in captivity at Two Oceans Aquarium, Cape Town,

South Africa: Description and  notes on treatment. Acta Parasitologica, 55,

108–114.

Vaughan, D. B., &  Chisholm, L. A. (2010b). A new species of Neoheterocotyle

Hargis, 1955 (Monogenea: Monocotylidae) from the gills of Rhinobatos

annulatus Müller & Henle (Rhinobatidae) off the southern tip of Africa.

Systematic Parasitology,  77,  205–213.

Vaughan, D. B., Chisholm, L. A., & Christison, K.  (2008). Overview of South

African Dendromonocotyle (Monogenea: Monocotylidae), with  descriptions

of 2 new species from stingrays (Dasyatidae) kept in public aquaria. Zootaxa,

1826, 26–44.

Whittington, I. D., Barton, D. P., &  Lester, R. J. G. (1989). A redescription of

Calicotyle australis Johnston, 1934 (Monogenea, Monocotylidae) from a

new host, Rhinobatos batillum (Batiformes, Rhinobatidae), from Moreton

Bay, Queensland. Systematic Parasitology, 14,  145–156.

Young, P. C.  (1967). A taxonomic revision of the subfamilies Monocotyli-

nae Gamble, 1896 and Dendromonocotylinae Hargis, 1955 (Monogenoidea:

Monocotylidae). Journal of  Zoology,  153,  381–422.

http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0120
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0125
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0130
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0135
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0140
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0145
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0150
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0155
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0160
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0165
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170
http://refhub.elsevier.com/S1870-3453(15)00058-5/sbref0170

	Denarycotyle gardneri n. gen., n. sp. (Monogenea: Monocotylidae: Euzetiinae), from the gills of Rhinoptera steindachneri (...
	Introduction
	Materials and methods
	Description
	Monocotylidae Taschenberg, 1879 Euzetiinae Chisholm and Whittington, 2001 (emended) Type-genus: Euzetia Chisholm and Whitt...
	Revised diagnosis
	Remarks

	Denarycotyle n. gen. (Fig. 1A–C)
	Diagnosis
	Taxonomic summary
	Remarks
	Denarycotyle gardneri n. sp. (Fig. 1A–C)
	Taxonomic summary


	Discussion
	Acknowledgments
	References


