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a  b  s  t  r  a  c  t

Bio-adhesion  is  a common  and  crucial  process  in  nature  and  is  used  by  several  different  species  for  cam-
ouflage,  prey  capture,  hatching  or to avoid  drifting.  Four  genera  of cephalopods  belonging  to  four  different
families  (Euprymna,  Sepiolidae;  Idiosepius,  Idiosepiidae;  Nautilus,  Nautilidae;  and  Sepia,  Sepiidae)  produce
glue for  temporary  attachment.  Euprymna  species  live  in  near-shore  benthic  habitats  of  the  Indo-Pacific
Ocean,  are  nocturnal  and  bury  into  the  seafloor  during  the  day. The  animals  secrete  adhesives  through
their  epithelial  glands  to  completely  coat themselves  with  sand.  In  cases  of  danger,  they  instantaneously
release  the  sandy  coat  as a  sinking  decoy  to  deflect  predators.  Earlier  morphological  investigations  have
shown  that  the  adhesive  gland  cells  of  Euprymna  scolopes  are  scattered  on the  dorsal  epidermis.  It  has
been  proposed  that neutral  mucopolysaccharides,  secreted  by  one  gland  type  (goblet  cells),  are  respon-
sible  for  adhesion,  whereas  the release  of  the glue  could  be caused  by acidic  mucoproteins  produced
by  ovate  cells  in  the ventral  epidermis.  The ultrastructural  re-investigation  of the  Euprymna  epithelium
in  this  study  has indicated  the  presence  of  a new  gland  type  (named  flask  cell),  exclusively  located  in
the  dorsal  epithelium  and  always  neighboured  to the  known  goblet  cells.  Based  on  our  histochemical
observations,  the  secretory  material  of  the ovate  cells  does  not  display  a  strong  reaction  to  tests  for  acidic

groups,  as  had  been  previously  assumed.  Within  the  dermis,  a  large  muscle  network  was found  that  was
clearly  distinctive  from  the normal  mantle  musculature.  Based  on  our  data,  an antagonistic  gland  system,
as previously  proposed,  seems  to  be unlikely  for Euprymna  scolopes.  We  hypothesize  that  the  adhesive
secretion  is formed  by  two  gland  types  (goblet  and  flask  cells).  The  release  of  the sand  coat  may  occur
mechanically,  i.e.  by  contraction  of the  dermal  mantle  muscle,  and  not  chemically  through  the ovate cells.

©  2016  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Many organisms are remarkable in their ability to secrete spe-
ialised permanent or reversible adhesives that operate in hugely
iverse environments, for different purposes and under different
onditions (see respective chapters in Smith and Callow, 2006; von
yern and Grunwald, 2010). These biological adhesives show good

erformances underwater, on rough, dry or dirty substrates, and
ver a wide range of temperatures. Within a few seconds, some
rganisms can adhere permanently for the rest of their lives, while

∗ Corresponding author at: Ludwig Boltzmann Institute for Experimental and Clin-
cal  Traumatology, Austrian Cluster for Tissue Regeneration, Donaueschingenstrasse
3,  1200 Vienna, Austria.

E-mail address: vByern@freenet.de (J. von Byern).

ttp://dx.doi.org/10.1016/j.zool.2016.08.002
944-2006/© 2016 Elsevier GmbH. All rights reserved.
others use temporary adhesives to enable locomotion, prey capture
or protection. 500 million years of evolution have optimised these
glues (von Byern et al., 2010a) for the needs and requirements of
the organisms producing them. There is a high diversity of bioadhe-
sives in the marine and terrestrial kingdoms (e.g., algae − Dimartino
et al., 2016; platyhelminths − Lengerer et al., 2016; echinoderms
− Flammang, 2006; insects − Betz, 2010; Gorb and Koch, 2014;
molluscs − Sagert et al., 2006; Smith, 2006, 2010; Silverman and
Roberto, 2010; and vertebrate species such as hagfish – Fudge et al.,
2010; or salamanders – von Byern et al., 2015; to mention just a few
of them) and within the last years many have been characterized
in detail on a morphological, chemical and/or molecular level. But

despite this progress, we still know very little about the composi-
tion, production, secretion and mechanical properties of the vast
majority of these bioadhesives.

dx.doi.org/10.1016/j.zool.2016.08.002
http://www.sciencedirect.com/science/journal/09442006
www.elsevier.com/locate/zool
http://crossmark.crossref.org/dialog/?doi=10.1016/j.zool.2016.08.002&domain=pdf
mailto:vByern@freenet.de
dx.doi.org/10.1016/j.zool.2016.08.002
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In cephalopods, four genera belonging to four different families
Nautilus sp., Nautilidae; Sepia sp., Sepiidae; Euprymna sp., Sepioli-
ae; and Idiosepius sp., Idiosepiidae) are known to produce glue in
n adhesive area on the mantle or on the tentacles (von Byern and
lepal, 2006; Cyran et al., 2010). The adhesive substances of these
nimals are used in different ways and studies of their mechanisms
llow comparisons among them.

Idiosepius possesses only a small area on the dorsal mantle that is
nvolved in adhesion. The animals attach themselves to sea grass or
lgae for camouflage and/or prey capture (Sasaki, 1921; Moynihan,
983; Suwanmala et al., 2006; Cyran et al., 2008, 2011). Adhesion

n four Sepia species (S. tuberculata, S. pulchra, S. typica,  S. papillata)
s mainly induced mechanically by a defined dermal structure on
he ventral mantle (Scott, 2005). Additionally, chemical substances
ecreted from this adhesive area might be used to increase the
trength of attachment (Boletzky and Roeleveld, 2000; von Byern
t al., 2011). In Nautilus the adhesive structures only occur on the
igital tentacles. They are used to hold prey and to attach to the
ubstratum or to other individuals during mating (von Byern et al.,
012). Euprymna scolopes spends much of its life buried in sand;

t has developed a special technique to attach sand grains to its
orsal mantle and head using adhesives. It rakes sand over itself to
orm a “sand coat” (Singley, 1982; Shears, 1988). This sand coat acts
s camouflage on the matching substratum during the day when
he animals remain buried in the sandy seafloor. When threatened,
he animals instantaneously release the sand to deflect predators
Singley 1982, 1983; Shears, 1988). The morphological study by
ingley (1982) showed that three types of gland cells (intersti-
ial, ovate and goblet cells) occur in this dorsal adhesive region,
hereas two of them (interstitial and ovate cells) are also present

entrally. Singley (1982) presumed a so-called duo-gland adhesive
ystem (Hermans, 1983) to be responsible for adhesion and release
n E. scolopes, in which one cell type (goblet cells) produces neutral

ucopolysaccharides (as demonstrated by PAS staining) for adhe-
ion. The ovate cells, on the other hand, secrete basic proteins which
ecome acidic in contact with sea water, causing a release of the
lue from the epithelium. In an earlier publication (Klinger et al.,
010), we provided basic information on the glandular structure
f Euprymna and indicated some morphological and histochem-
cal differences to the results of Singley (1982). In addition to the
hree cell types described by Singley (1982), we found an additional
landular cell type (previously only called cell type 4 by Klinger
t al. (2010), renamed in the present study as flask cells) that was
rominent in the dorsal mantle epithelium. Based on this finding
e suggest a mechanism of adhesion and release that differs from

he proposed duo-gland hypothesis.
With the present research article, we provide a detailed ultra-

tructural and histochemical description of the epithelial gland
ystem of Euprymna as a basis for other researchers working in
his field. Characterization of the Euprymna adhesive secretion sys-
em will improve our knowledge of the adhesive mechanisms in
ephalopods and allow a more detailed comparison of their func-
ion and usage within cephalopods and other mollusk groups.

. Materials and methods

Adult specimens of E. scolopes were collected in the waters off
he coast of Manoa, Hawaii with the permission of Dr. Heinz Gert
e Couet from the University of Hawaii, Manoa, USA.

.1. Preparation and fixation
Following the guidelines published by Fiorito et al. (2015) the
nimals were anesthetized with 3% (v/v) ethanol–seawater solu-
ion until they showed no sign of ventilation and reaction to an
y 120 (2017) 73–82

external stimulus and then immediately decapitated. The dor-
sal and ventral mantle as well as the arms were fixed in an
acetic–alcohol–formalin (AAF) mixture (Böck, 1989) for 3 h at 25 ◦C
or in Carnoy solution (Kiernan, 1999) for 3 h at 25 ◦C for histologi-
cal and histochemical analyses. For ultrastructural studies, tissue
samples were preserved in 2.5% glutaraldehyde with a sodium-
cacodylate buffer (0.1 M,  pH 7.4, plus 10% sucrose) for 6 h at 25 ◦C.

2.2. Histology, histochemistry, immunocytochemistry

Both the Carnoy- and AAF-fixed materials were cleared three
times at 20 min  each, in methylbenzoate as well as in benzene, and
infiltrated overnight with paraffin. Sections (5–7 �m thick) were
cut, mounted on glass slides with Ruyter solution (Ruyter, 1931)
and dried at room temperature before use.

The histochemical analyses were carried out according to von
Byern et al. (2012) using Azan trichrome staining to provide an
overview of the glandular system and structural details. Periodic
acid–Schiff (PAS) staining (McManus and Mowry, 1960) was used
to detect the presence of neutral hexose sugar units. Control and
blocking of PAS was  tested by prior treatment in dimedone for 3 h
(Bulmer, 1959), by borohydride reduction and phenylhydrazine for
3 h, acetylation for 2 and 9 h, and acetylation–deacetylation for 24 h
(Kiernan, 1999).

Proteins were detected using three methods: Alcian Blue 8GX
(McManus and Mowry, 1960) at pH 1.0 and 2.5 for 2 h at 20 ◦C;
Biebrich Scarlet (0.04%) for 1 h at 20 ◦C in phosphate buffer at pH
6.0 (Spicer and Lillie, 1961); and Laskey’s glycine buffer at pH 8.0,
9.5 and 10.5 (McManus and Mowry, 1960) as well as Toluidine Blue
O (in 0.2 M acetate buffer at pH 5) according to Mulisch and Welsch
(2010).

The immunocytochemical analysis of the muscles and nerve
fibers was carried out on 100 �m thick vibratome sections prepared
with a microtome (Leica VT 1200S; Leica Microsystems, Wetzlar,
Germany) and incubated with 2.5% Alexa Fluor TRITC-conjugated
phalloidin (R415; Invitrogen, Carlsbad, CA, USA) and 1:100 diluted
acetylated � tubulin (T-6793; Sigma–Aldrich, St. Louis, MO,  USA)
with FITC-labeled secondary antibody M308012 (Invitrogen) (see
protocol in Wollesen et al., 2008, 2009) and observed with a con-
focal laser scanning microscope (TCS SP5X; Leica Microsystems).

Carbohydrates were characterized enzymatically on paraffin
sections (5–7 �m thick) using the following lectins (50 mg/ml;
incubated for 30 min  at room temperature): FITC-labeled con-
canavalin agglutinin (ConA), specific for a-D-mannose/a-D-
glucose; Texas Red labeled peanut agglutinin (PNA), specific
for lactose/�-galactose; TRITC-labeled soybean agglutinin (SBA),
specific for N-acetyl-D-galactosamine; FITC-labeled wheat germ
agglutinin (WGA), specific for N-acetyl-D-glucosamine; TRITC-
labeled Galanthus nivalis lectin (GNA), specific for mannose; and
FITC-labeled Ulex europaeus agglutinin (UEA), specific for �-L-
fucose. All lectins were diluted with the respective buffers as
specified by the manufacturer (EY Laboratories, San Mateo, CA,
USA). Inhibition was  carried out by incubating diluted fluorescent-
labeled lectin with 0.2 M inhibitory carbohydrate for 60 min  at
room temperature before application to the sections. Autofluo-
rescence was  controlled by incubating sections in buffer solution
without fluorescent-labeled lectin.

2.3. Ultrastructure

Glutaraldehyde-fixed samples were washed three times for
30 min  in buffer solution at room temperature and stored for fur-

ther processing. For post-fixation, the samples were immersed for
1.5 h in 1% osmium tetroxide in 0.1 M sodium cacodylate buffer
(same pH as above) and dehydrated in a graded series of ethanol.
For transmission electron microscopy (TEM) examination, the sam-
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Fig. 1. (A) The epidermis of Euprymna scolopes (here, on the ventral side of the
mantle) shows strong reactivity for N-acetyl-D-glucosamine (wheat germ agglutinin
−  WGA) while the dermis is unreactive. Around the ovate cells (oc) and in the region
of  the basal lamina (bl), lectin-labelled granular aggregations could be observed.
(B)  The secretory content of the ovate cells (oc) as well as the secreted material
(sm) show a strong affinity to concanavalin agglutinin (ConA) which is specific for
a-D-mannose/a-D-glucose. (C) A strong reactivity for �-L-fucose (Ulex europaeus
J. von Byern et al. / Z

les were embedded in epoxy resin; ultrathin sections (50–70 nm)
ere mounted on copper slot grids coated with formvar in dioxane,

tained with uranyl acetate and lead citrate, and examined in two
EMs (Zeiss Libra 120 and Zeiss EM 902; Carl Zeiss AG, Oberkochen,
ermany).

. Results

The epidermis consists of a columnar epithelium with a
icrovilli layer on the surface and an undulated basal region. The

orsal mantle epidermis is about 34–60 �m thick, while the man-
le epithelium on the ventral side measures up to 43 �m and the
pithelium on the fins is around 13–25 �m thick. Beneath the
.3 �m thick basal lamina there are several differently orientated
uscle layers. The dermis has a thickness of around 78–90 �m,

nd no size differences could be measured between the dorsal
nd ventral sides. Incubation with wheat germ agglutinin (WGA),
nd peanut (PNA) and soybean agglutinin (SBA) revealed strong
eactivity to N-acetyl-D-glucosamine in the epidermis but not the
ermis. Additionally, granular aggregations of labelled lectin could
e observed around the ovate cells as well as at the basal lam-

na (Fig. 1A). The control without lectin and incubation with the
ppropriate sugar was negative. All other applied lectins showed
o reactivity with the epithelium layer.

Ultrastructural observations showed that four different types
f gland cells (interstitial, ovate, goblet and flask) are present in
he dorsal mantle epithelium (Fig. 2) and the interstitial and ovate
ells are also present ventrally. All types span the whole width of
he epithelium and release secretory material to the tissue surface.

The interstitial cells are polymorphic and occur throughout the
ntire mantle, but are less frequent ventrally. These cells repre-
ent the dominant cell type and separate ovate from goblet cells
n the adhesive region. The apical surface of the cells is covered
y a dense layer of 1.3–1.5 �m long microvilli (Singley, 1982:
.5–0.6 �m)  (Fig. 3A). Their nuclei are located either at the basal or
pical end of the cell and are spherical to ovate-shaped. Numerous
rganelles, especially mitochondria but also rough endoplasmic
eticulum (RER) and Golgi bodies, are evenly distributed. Mito-
hondria are often present between the longitudinally oriented
laments along the cell membranes. The cells possess small vesicles
300–500 nm in diameter) (Fig. 3B) containing material of varying
lectron density. Singley (1982) did not demonstrate any secretion
y these cells, but our observations show evidence of (rare) exo-
ytosis (Fig. 3B). The small size of these vesicles, however, masks a
lear positive histochemical reaction as was observed in the other
ell types. The chemical nature and function of the secretory con-
ent has not yet been characterized.

The ovate cells appear the largest of all the gland cells and are
vate to sac-like. They occur in the adhesive dorsal as well as in the
entral mantle epithelium and on the bases of the fins. The surface
f the cells is covered with microvilli with a length of 0.8–2 �m.
urrounding the nucleus, various amounts of RER and a few Golgi
odies could be observed within the cytoplasm. A reticulum of
–8 nm long filaments occurs within the peripheral cytoplasm. This
eticulum becomes rearranged and tightly packed during secretory
ctivity. However, these filaments produce deep folds in the plasma
embrane from the apical end toward the basal end of the cell.
vate cells contain a fine granular secretory material of uniform
ppearance, which flattens the nucleus against the basal surface.
ells appear in different stages of activity and three phases can be
istinguished: (i) with very dense secretory material accumulated
n the centre of the cell (Fig. 3C), (ii) with loose secretory mate-
ial evenly distributed over the entire cell area (Fig. 3D), or (iii)
ompletely empty after releasing the entire secretory material. It
emains uncertain whether the ovate cells “refill” themselves with
agglutinin − UEA) could be observed dorsally in the secretory material (sm) of the
goblet cells (white arrowheads) as well as the ovate cells (oc). Scale bars = 25 �m.

secretory material or induce apoptosis. They show a direct release
of (secretory) material through an opening in the cells’ apical sur-
face.

The secretory content of the ovate cells appears to consist of
highly sulfated proteins; the granules are unreactive for sugars (PAS
negative) but remain strongly reactive for basic proteins (Biebrich
Scarlet staining at pH 6.5 and 8.5 but only weakly reactive at pH 9.5
and 10.5) (Fig. 3E). The secreted material at the outer surface and the
cell bases also showed a weak reaction for acidic proteins (Alcian
Blue at pH 1.0 and stronger at pH 2.5) (Fig. 3F). Although the ovate
cells do not stain for sugars histochemically (PAS negative), the
secretory material nevertheless reacts positively to lectin labeling:
incubation with Ulex europaeus agglutinin (UEA) and concanavalin
agglutinin (ConA) (Fig. 1B and C) revealed a strong presence of �-L-

fucose and a weaker presence of a-D-mannose/a-D-glucose in the
glandular content and secreted material ventrally and dorsally. The
bright spot at the tip of the secretory content (present with UEA
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Fig. 2. Schematic drawing of the dorsal region of the mantle epithelium of Euprymna scolopes showing the various glandular cell types: interstitial cells (in), ovate cells (oc),
goblet  cells (go) and the newly found flask cells (fc). While the nucleus (nu) of the ovate cells is mostly flattened against the basal cell pole, in the other three types it usually
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ppears spherical to ovate. The epithelium is bordered by a dense microvilli layer (m
ermal muscle region. In the interstitial cells, longitudinal filaments (fi) could be obs
r  as a central compact core as shown here. Image re-produced with permission by

nd ConA only) within the cell cavity is caused by an aggregation
f the material, presumably during fixation and embedding; this
ould also be observed at the ultrastructural level. All other applied
ectins showed no reaction with the secretory material.

The goblet cells represent the third cell type and are restricted
o the dorsal mantle and the fin base. Often, this cell type occurs in
roups, but always interspersed among interstitial cells. The cells
ave a round shape in cross section and taper towards the apical
ole. Towards the apex, the cell membranes have many folds, dis-
laying a branching profile in longitudinal section. The microvilli
f goblet cells are shorter than those of ovate cells, with a length
f approximately 0.7 �m.  Spherical to ovate, the nuclei occur at
he basal end and are girded by organelles such as a RER and mul-
iple Golgi bodies and mitochondria. The Golgi apparatus release
lectron-lucent vesicles from the basal region toward the apical
urface of the cell. These vesicles become more electron-dense as
hey approach the apical cell pole. They are membrane-bound, have

 diameter of 0.8–1 �m and always have a uniform appearance
ith a homogenous density and spherical shape (Fig. 4A). Espe-

ially in actively secreting cells, various microtubules are oriented
long the longitudinal axes of the goblet cells and often appear in
lose proximity to the secretory granules. The secretory process
f the goblet cells is distinguished from the way interstitial and
vate cells secrete. Instead of a direct release of secretory material
hrough an opening in the surface, goblet cells pinch off the most
pical part of the cell content, including cytoplasm and secretory
esicles (Fig. 3B). During active secretion, granules break up into
maller units.

Histochemical observations confirm the data of Singley (1982)
hat the secretory material of the goblet cells contains neutral
ugars (positive PAS reaction) (Fig. 4D) and some basic proteins
Biebrich Scarlet at pH 6.0–10.5). As shown for the ovate cells, the
ecretory content of the goblet cells also reacted positively for �-L-
ucose (lectin Ulex europaeus agglutinin UEA) (Fig. 1C) only; all other
ested lectins showed no positive affinity. The secreted material in
he dorsal region also showed a strong affinity for �-L-fucose; how-
ver, it remains unclear whether one or both gland types (goblet
nd/or ovate) produced this secretion (Fig. 1C).

The newly described flask cells occur only in the dorsal epithe-
ium and are always tightly adjacent to a goblet cell. As shown in
he goblet cells, the vesicles of this new cell type are also spherical,

embrane-bound and contain electron-dense secretory material

Fig. 4A and C). These vesicles are evenly distributed within the cell
nd have a diameter of 0.2–0.4 �m.  Tubuli inside the cell transport
hem to the surface for subsequent secretion. This cell type is elon-
ated yet more slender than the goblet cell and has a rounded base;
 the outer surroundings and a basal cell layer (ba) and basal membrane (bm) to the
. The secretory material (sm) in the ovate cells appears either uniformly distributed
er et al., 2010.

therefore we named this cell type flask cells. Typically, microvilli
are absent at the surface of the cell, but the surface area is covered
with glycocalix. The elongated nuclei as well as the cell organelles
(mitochondria, RER and Golgi apparatus) are located at the basal
end. In contrast to goblet cells, but similar to ovate cells, this cell
type releases secretory material through a small opening on the
surface (Fig. 4C).

Similar to the secretory material of the interstitial cells, the gran-
ules of the flask cells are also too small for a clear histochemical
and immunocytochemical characterization. Further investigations
are necessary to gain more information about the reactivity of the
secretory material to the specific tests.

Within the dermis, a prominent muscle network could be
observed above the chromatic elements (Fig. 5A and B). The mus-
cles pass longitudinally and transversely through the mantle and
come close to the basal membrane. This dermal muscle is dis-
tinct from the normal mantle muscle; nevertheless, connections
between both muscle systems could be observed.

4. Discussion

Singley (1982) was  the first and, until now, the only author to
investigate ultrastructurally and histochemically the epithelium
of E. scolopes. According to this author, three different cell types
(interstitial, ovate and goblet cells) are present in the E. scolopes
epithelium (Table 1). The goblet cells are restricted to the dorsal
adhesive region while the interstitial and ovate cells also occur in
the ventral area. Apart from their location, the two distinct gland
types (ovate and goblet cells) also clearly differ in their appear-
ance and chemical composition (Table 1). According to Singley
(1982), the adhesion of the sand particles is caused by the neutral
mucopolysaccharides secreted by the goblet cells, while the bond-
ing release is caused by the secretory material of the ovate cells.
This glandular material consists of basic proteins, which, through
the influence of the surrounding sea water, are transformed into
highly acidic mucoproteins. Singley (1982) thus suggested that
acidic groups are present yet masked in the unsecreted material
of the ovate cells. He assumed that both adhesion and the bonding
break in Euprymna are based on a duo-gland adhesive system, as
shown for other interstitial organisms such as Turbellaria (Tyler,
1976), Gastrotricha (Boaden, 1968; Teuchert, 1977) and Archian-

nelida (Martin, 1978).

Based on the re-examination of the epithelium of Euprymna in
the present study, several deviations and new details of the adhe-
sive region can be added to Singley’s findings from 1982.
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Fig. 3. (A) and (B) Electron microscope image of the interstitial cells with vesicles (black arrows) within the cells and after exocytosis. The secretory material of the ovate
cells  (oc) appears either (C) as a compact, electron-dense core or (D) fine-grained, electron-lucent and tightly filling the cell lumen. The glandular content of the ovate cells
as  well as the secreted material (sm) react positive for (E) basic proteins at pH 8.5 (Biebrich Scarlet staining) and slightly positive for (F) acidic proteins (Alcian Blue reaction
at  pH 1.0). Besides, the goblet cells (arrowhead in E) also stain slightly for basic proteins. Scale bars in A = 2 �m, B = 1 �m,  C = 20 �m,  D = 5 �m,  E and F = 25 �m. (E) and (F)
reproduced with permission by Klinger et al. (2010).
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ig. 4. (A) Goblet cells (go) and the newly found flask cells (fc) always appear nex
ytoplasm and secretory vesicles is pinched off during secretion. (C) Release of the
taining confirms the presence of carbohydrates in the goblet cells (black arrowhea

While Singley (1982) did not demonstrate any secretion by the
nterstitial cells, our observations demonstrated mild exocytosis.
his secretory process might be essential in forming the glycocalix,

hich covers the microvilli and their interspaces at the apical sur-

ace of the cells. The present study also detected microvilli on the
pical surface of the ovate cells, whereas Singley (1982) reported a
ack of a microvilli layer.
ach other. (B) In the goblet cells the most apical part of the cell content including
tory material from the goblet cells (black arrowheads) and the flask cells. (D) PAS
ale bars in A and B = 2 �m, C = 5 �m and D = 20 �m.

The present re-characterization, however, shows some slight
histochemical differences to the descriptions in Singley (1982)
concerning the evacuating ovate cells. According to this author,

the glandular material of the ovate cells performs a shift from
basophilia (Biebrich Scarlet staining) to acidophilia (Alcian Blue
staining) induced by the surrounding sea water. This secreting
ovate cell type was referred to as “evacuating ovate cells”, solely
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Table  1
Comparison of the results from Singley (1982) and the present study (highlighted in grey) showing morphological similarities and differences between all gland types present
in  Euprymna skin. N.D. = not detected.

Interstitial cell Ovate cell Evacuating ovate cells Goblet cell Cell Type 4

Singley (1982 ) Present  Stud y Singley (1982 ) Present  Stud y Singley (1982 ) Present  Stud y Singley (1982 ) Present  Stud y Singley 
(198 2) Present  Stud y

Location
dorsal and  

ventral 
epithelium

dorsal and  
ventral 

epithelium

dorsal and  
ventral 

epithelium

dorsal and  
ventral 

epithelium

Same 
characteristics 
as for the ovate 

cell s

Cell type not 
detected in this 

stud y

dorsal 
epithelium dorsal epithelium

Not present 
in Singley 

(198 2)

dorsal 
epithelium

Shape N.D. polymorphic ovate ovate to sac-
like

rounded at the 
base, taper 

toward apical 
end

elonga te pear-
shaped, infolded 

laterally

elongate pear-
shap ed

Gimmick thick and thin 
filaments

thick and thin 
filaments

5-8 nm thick 
filaments

peripheral 
filaments microtubules microtubules 

along cell axes

Arr ang ement N.D. sing ular N.D. sing ular N.D. sing ular
always in close 

vicinity to 
goblet cell

Sec retory 
Con tent

small 
membrane 

bound vesicles 
but no 

exocy tosis

vesicles and  
exocy tosis

Fine granu lar 
appearance

fine granules, 
partial release 

of granules

granules ø 
0.5-0.7 µm, 

partial 
secretion

granules ø 0.5-
1.3 µm, partial 

release of 
gran ules

granules ø 0.2-
0.4 µm, partial 

release of 
gran ules

Histochemistry N.D. epitheli um = 
++ lectin WGA

++ proteins (pH 
6.0)

++ proteins (pH 
6.0)

++ proteins (pH 
9.5)

++ neutral 
suga rs

++ neutral 
suga rs undetermined

+ proteins (pH 
8.5)

++ proteins (pH 
+ proteins (pH 

1.0) ++  proteins (pH 

b
n
p
B
o
f
W
t
s
t
w
o

i
w
t
f

g
t
o
e
a
e
n
w

4

n
s
(
(
b
c

9.5) 1-3)
++ lectin UEA

ased on the chemical modification of the secretory material but
ot because of morphological modifications (Singley, 1982). In the
resent study the pH shift (determined by Biebrich Scarlet, Alcian
lue and Toluidine Blue O staining) in the secreted material of the
vate cells was not observed, the secretory material at the cell sur-
ace only showed a very weak staining reaction for acidic proteins.

e cannot exclude that our samples did not reach the same stage as
hose of Singley (1982), i.e. the secretions were not exposed to the
ea water long enough to cause the pH shift. In the present study,
he slight positive staining of the secreted mucus of the ovate cells
ith Alcian Blue is also evident; nevertheless, we assume that the

vate cell secretory content is a mixture of basic and acidic proteins.
The present morphological and histochemical studies show sim-

lar results for the secretory material of the goblet cells compared
ith those of Singley (1982). Although goblet cells showed no reac-

ion in tests for basic and acidic proteins, there was a strong reaction
or sugars in both studies.

In addition to Singley’s (1982) characterization of three known
land types, we found a new cell type in the Euprymna epithelium
hat we called flask cell. The fact that this gland type could only be
bserved tightly adjacent to the goblet cells in the adhesive dorsal
pithelium indicates a strong involvement in adhesive production
nd formation. It can be refuted that this cell type only represents an
arly developmental stage of the goblet cells as this gland type does
ot only appear in different animals but also in different regions
ithin the specimens.

.1. Comparison with other adhering cephalopods

A detailed overview of all gland types in both the adhesive and
ormal epithelia for all four cephalopod genera (Nautilus sp., Sepia
p., Euprymna sp. and Idiosepius sp.) can also be found elsewhere

Cyran et al., 2010). Summarizing the studies of all four genera
Table 2), the adhesive system of Euprymna,  with its proposed dou-
let gland type system (goblet and flask cells), shows the highest
ongruence with that of Sepia. Although in Sepia the adhesive area is
located ventrally on the mantle, it likewise possesses a gland type
with large granules (type 1, ∅ 1–1.5 mm,  positive reaction to PAS
and Biebrich Scarlet, negative lectin staining) and another gland
type with smaller granules (type 2, ∅ 50–250 nm,  positive reaction
to PAS and Biebrich Scarlet, negative lectin staining) (von Byern
et al., 2010b, 2011). Regarding their appearance, the Euprymna
gland types are elongate and pear-shaped, similar to those of Sepia
(Cyran et al., 2010).

Although the adhesive organ of Idiosepius is located on the dorsal
mantle side, as in Euprymna,  and involves two  related gland types,
in Idiosepius they are differently arranged but uniformly distributed
within the adhesive epithelium: around 8–15 columnar cells (gran-
ules: ∅ 1 �m,  positive reaction to PAS, Biebrich Scarlet, and the
lectins SBA (N-acetyl-D-galactosamine), PNA (lactose/�-galactose),
UEA (�-L fucose)) are aggregated around a central sensory cell.
The second gland type, the granular gland (granules: ∅ 2–5 mm,
positive reaction to PAS and Biebrich Scarlet, specific for Con A
(mannose), SNA (N-acetylneuraminic acid) and SBA (N-acetyl-D-
galactosamine) lectins) is, in contrast, solitary (Cyran et al., 2008;
von Byern et al., 2008; Cyran and von Byern, 2010). Regarding gland
appearance, the Euprymna goblet cells resemble the Idiosepius
columnar gland more closely than the granular gland, but there is
no counterpart to the Euprymna flask cells in the Idiosepius adhesive
system.

In Nautilus there are likewise two  PAS-positive gland types:
(1) columnar cells (granules: ∅ 1 mm,  lectins UEA (�-L-fucose)
and WGA  (N-acetyl-D-glucosamine)); (2) gland type 1 (granules:
∅ 1.5–1.8 mm,  lectin UEA) are present in the oral side of the digi-
tal tentacles, however, the gland types are neither aggregated nor
arranged but appear singularly (von Byern et al., 2010a, 2012). On
the aboral side, only one gland type (goblet cells) is present, which
has granules of the same size and content (PAS reaction, lectin UEA)

as the other two gland types (von Byern et al., 2010a, 2012). As
in Idiosepius,  no counterpart to the Euprymna flask cells could be
observed in Nautilus either.
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Table  2
Overview of the secretory gland types present in the four glue-producing cephalopod species Euprymna spec., Idiosepius spec., Sepia tuberculata and Nautilus spec. Cells which
occur  exclusively in the adhesive epithelium are highlighted in grey.

Euprymna scolopes Idiosepius spec .

Prese nt Stud y Cyran et al. (20 10)

Interstitial Ovate Goblet cell s Cell Type 4 Interstitial Goblet Sacc ular Columnar Granular

Location Dorsal and ventral 
mantle epithelium

Dorsal and ventral 
mantle epithelium

Adhesive dorsal 
mantle epithelium

Adhesive dorsal 
mantle epithelium

Dorsal and  
ventral mantle 

epitheli um

Dorsal and  
ventral mantle 

epitheli um

Dorsal and  
ventral mantle 

epitheli um

Adh esive 
dorsal mantle 

epitheli um

Adh esive 
dorsal mantle 

epithelium

Shape polymorphic ovate to sac-like
elongate pear-

shaped, infolded 
laterally

elongate pear-
shap ed polymorphic cylindrical sac-to balloon-

shap ed
elongate pear-

shap ed cylindrical

Organelles mitochon dria, rER, 
Golgi rER, Golgi Golgi, rER, 

mitochondria
mitochon dria, rER, 

Golgi
Golgi network, 
cytoskeleton rER rER, filament rER, Golgi rER, Golgi

Gimmick Thick an d thin 
filaments

periph eral 
filaments

microtub ules 
along cell axes - lon gitud inal 

bundles - lateral 
filaments - -

Arr ang ement sing ular sing ular sing ular always in close 
vicinity to goblet sing ular sing ular sing ular aggrega tes of 

8-15 cells sing ular

Secretory 
Con tent

Small membrane 
bound vesicles

Fine granular 
appearance

granules ø 0.5-1.3 
µm

granules ø 0.2-0.4 
µm glyc ocali x fine-grained 

material
fine-grained 

material
granules ø 1 

µm
granules  ø 2-5 

µm

Histochemistry Epithelium = ++ 
lectin WGA

++ proteins (pH 
6.0)

++ neutral sug ars und etermined -
+ neutral sug ar   
++ protein (pH 

6.0-10 .5)
-

++ neutral 
sugar          

+ protein (pH 
6.0-10 .5)

++ neutral 
sugar         

++ protein (pH 
6.0-10 .5)

+ proteins (pH 
1.0)

+ proteins (pH 
1.0)

UEA

Sec retory 
release exocy tosis partial release of 

gran ules
Partial release of 

gran ules
partial release of 

gran ules exocy tosis

release of 
entire 

secretory 
con tent

? partial release 
of  gran ules

partial release 
of  gran ules

o
i
d
c

n
t

Interstitial and ovate cell counterparts are also present in the
ther cephalopods (Table 2). In Euprymna,  Idiosepius and Sepia,
nterstitial cells are present in the adhesive and non-adhesive epi-
ermis, presumably involved in glycocalix formation. Interstitial

ells are lacking in the epithelium of Nautilus.

The Euprymna ovate cells are similar in location (adhesive and
on-adhesive epithelium), appearance and fine grained material
o the goblet cells of Sepia and the saccular-shaped glands in
Idiosepius.  However, there are histochemical differences between
the three gland types. The Sepia ovate cells react positively to PAS
and Alcian Blue and the lectins SBA (N-acetyl-D-galactosamine)
and GNA (mannose) (von Byern et al., 2010b, 2011). The saccular-

shaped glands of Idiosepius remain unreactive to sugars, proteins
and lipids (von Byern et al., 2008; Cyran and von Byern, 2010). In
Nautilus two gland cells (gland types 2 and 3) appear in the non-
adhesive region; however, both gland types consist of granules (∅
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Fig. 5. (A) Azan staining of the dorsal Euprymna skin showing the thick muscle bun-
dles  (white arrowheads) located in the dermis layer above the chromatophores (red
hashtag). Small fibers (white asterisks) from the muscle bundles pass through the
dermis towards the epidermis. (B) Immunocytochemical labelling with phalloidin
i
c
d

1
r

4

s
H
i
m
o
i
t

d
t
t
(
l
f
e
B
1
S
s

ndicates the presence of a dense musculature network in the dermis above the
hromatophores (white hashtag). Small fibers (white asterisks) pass through the
ermis towards the epidermis. Scale bars = 50 �m.

.3–2 �m),  are positive to PAS and Alcian Blue staining and are
eactive to the lectins UEA and WGA  (von Byern et al., 2010a, 2012).

.2. Attachment mechanism

The present re-characterization of the epithelium of Euprymna
peaks against an antagonistic system (i.e. duo-gland system;
ermans, 1983), as suggested by Singley (1982). The ovate and

nterstitial cells presumably do not play a major role in bond for-
ation, and bond breaking caused by acidic mucoproteins from the

vate cells could not be confirmed. Both cell types are also present
n the non-adhesive mantle tissue and are likely to produce mucus
o cover and protect the animal’s surface.

The fourth cell type seems to be too small to be the sole pro-
ucer of a sufficient amount of secretory material for adhesion or
o discard the thick sand coat. A synergistic two-component sys-
em, as proposed for other cephalopods, involving both cell types
goblet and flask cells) in adhesive production seems to be more
ikely for Euprymna.  In Idiosepius,  two gland types stain positively
or neutral sugars and basic proteins and contain granules of differ-
nt sizes (Cyran et al., 2008; von Byern et al., 2008; Cyran and von

yern, 2010). In Sepia the granules of one gland cell (gland type
) likewise react for sugar and basic proteins (PAS and Biebrich
carlet staining), while the secretory material of gland type 2 con-
ists of smaller granules and presumably of acidic proteins (Alcian
 120 (2017) 73–82 81

Blue staining) (von Byern et al., 2010b, 2011). In Nautilus both
gland types react positively for neutral sugars, although one gland
type contains granules of around 1 �m in diameter and the other
gland type contains granules of 1.5–1.8 �m (von Byern et al., 2010a,
2012).

The dense dermal muscle network described for Euprymna in
the present study may  be involved in breaking the bond of the
sand coat through simple muscle contraction and release. The ani-
mal  would be able to react faster than with a chemically induced
release. Furthermore, a release process using the dermal muscula-
ture system would allow better control. Yet, this option was never
mentioned by Singley (1982). Such a mechanically effected glue
release also seems to be the primary mechanism in Nautilus and
Sepia (von Byern et al., 2011, 2012). In Idiosepius the absence of
an explicit mantle musculature beneath the adhesive area (Cyran
et al., 2008; von Byern et al., 2008) speaks against such a release
mechanism; instead, a detachment by animal movement is more
likely (Suwanmala et al., 2006).

In summary, the present study on the adhesive epithelium in E.
scolopes suggests that the bonding of the sand coat occurs chemi-
cally through a combination of the secretory content of the goblet
and flask cells. Instead of a chemical release by the ovate cells, the
release of the glue is effected mechanically, induced by the dermal
musculature.

Acknowledgments

We would like to thank Dr. Heinz Gert de Couet from the Univer-
sity of Hawaii in Manoa, USA, for his guidance and support during
this study. This work was funded by the Austrian Science Founda-
tion FWF  (Project No. P 21135-B17) and by the Rupert Riedl Prize
2009 for L.K.

References

Betz, O., 2010. Adhesive exocrine glands in insects: morphology, ultrastructure,
and adhesive secretion. In: von Byern, J., Grunwald, I. (Eds.), Biological
Adhesive Systems: From Nature to Technical and Medical Application.
Springer Verlag, Vienna, pp. 111–125.

Boaden, P.J.S., 1968. Water movement – a dominant factor in interstitial ecology.
Sarsia 34, 125–136.

Böck, P., 1989. Romeis Mikroskopische Technik, Urban und Schwarzberg;
München.

Boletzky, S., Roeleveld, M.A.C., 2000. Ventral adhesion to hard substrates: a
thigmotactic response in sepiid cuttlefish (Mollusca, Cephalopoda). Vie Milieu
50, 59–64.

Bulmer, D., 1959. Dimedone as an aldehyde blocking reagent to facilitate the
histochemical demonstration of glycogen. Stain Technol. 34, 95–98.

Cyran, N., von Byern, J., 2010. Characterization of the adhesive systems in
cephalopods – Idiosepius.  In: von Byern, J., Grunwald, I. (Eds.), Biological
Adhesive Systems: From Nature to Technical and Medical Application.
Springer Verlag, Vienna, pp. 61–66.

Cyran, N., Klepal, W.,  von Byern, J., 2008. Ultrastructural characterization of the
adhesive organ of Idiosepiidae Voss, 1962 (Mollusca, Cephalopoda). In: Faber,
A., Weiss, R., Fuchs, D. (Eds.), 3rd International Symposium on Coleoid
Cephalopods Through Time. Musée National d’ı́Histoire Naturelle Luxembourg,
Luxembourg, pp. 97–98.

Cyran, N., Klinger, L., Scott, R., Griffiths, C., Schwaha, T., Zheden, V., Ploszczanski, L.,
von Byern, J., 2010. Characterization of the adhesive systems in cephalopods.
In: von Byern, J., Grunwald, I. (Eds.), Biological Adhesive Systems: From Nature
to Technical and Medical Application. Springer Verlag, Vienna, pp. 53–86.

Cyran, N., Klepal, W.,  von Byern, J., 2011. Ultrastructural characterization of the
adhesive organ of Idiosepius biserialis and Idiosepius pygmaeus (Mollusca,
Cephalopoda). J. Mar. Biol. Ass. U.K. 91, 1499–1510.

Dimartino, S., Savory, D.M., Fraser-Miller, S.J., Gordon, K.C., McQuillan, A.J., 2016.
Microscopic and infrared spectroscopic comparison of the underwater
adhesives produced by germlings of the brown seaweed species Durvillaea
antarctica and Hormosira banksii. J. R. Soc. Interface 13, 201510883.
Fiorito, G., Affuso, A., Basil, J., Cole, A., de, G.P., D’Angelo, L., Dickel, L., Gestal, C.,
Grasso, F., Kuba, M.,  Mark, F., Melillo, D., Osorio, D., Perkins, K., Ponte, G.,
Shashar, N., Smith, D., Smith, J., Andrews, P.L., 2015. Guidelines for the care and
welfare of cephalopods in research – a consensus based on an initiative by
CephRes, FELASA and the Boyd Group. Lab. Anim. 49 (2 Suppl), 1–90.

http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0005
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0010
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0020
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0025
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0030
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0035
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0040
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0045
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0050
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0055


8 oolog

F

F

G

H

K

K

L

M

M

M

M

R

S

S

S

S

S

S

S

S

the central nervous system of the cephalopod mollusc, Idiosepius notoides. Acta
Biol. Hung. 59 (Suppl), 111–116.

Wollesen, T., Loesel, R., Wanninger, A., 2009. Pygmy squid and giant brains:
mapping the complex cephalopod CNS by phalloidin staining of vibratome
2 J. von Byern et al. / Z

lammang, P., 2006. Adhesive secretions in echinoderms: an overview. In: Smith,
A.M., Callow, J.A. (Eds.), Biological Adhesives. Springer-Verlag, Heidelberg, pp.
183–206.

udge, D.S., Hillis, S., Levy, N., Gosline, J.M., 2010. Hagfish slime threads as a
biomimetic model for high performance protein fibres. Bioinspir. Biomim. 5,
035002.

orb, S.N., Koch, K., 2014. From sticky to slippery: biological and
biologically-inspired adhesion and friction. Beilstein J. Nanotechnol. 5,
1450–1451.

ermans, C.O., 1983. The duo-gland adhesive system. Oceanogr. Mar. Biol. Ann.
Rev. 21, 283–339.

iernan, J.A., 1999. Histological and Histochemical Methods: Theory and Practice,
3rd  ed. Butterworth-Heinemann, Oxford.

linger, L., von Byern, J., Cyran, N., 2010. Characterization of the adhesive systems
in  cephalopods – Euprymna.  In: von Byern, J., Grunwald, I. (Eds.), Biological
Adhesive Systems: From Nature to Technical and Medical Application.
Springer Verlag, Vienna, pp. 54–61.

engerer, B., Hennebert, E., Flammang, P., Salvenmoser, W.,  Ladurner, P., 2016.
Adhesive organ regeneration in Macrostomum lignano. BMC  Dev. Biol. 16, 20.

artin, G.G., 1978. A new function of rhabdites: mucus production for ciliary
gliding. Zoomorphologie 91, 235–248.

cManus, J.F.A., Mowry, R.W., 1960. Staining Methods: Histological and
Histochemical. Paul Hoeber Inc., New York.

oynihan, M.,  1983. Notes on the behavior of Idiosepius pygmaeus (Cephalopoda:
Idiosepiidae). Behavior 85, 42–57.

ulisch, M.,  Welsch, U., 2010. Romeis Mikroskopische Technik. Spektrum
Akademischer Verlag, Heidelberg.

uyter, J.H.C., 1931. Eine einfache Methode für das Aufkleben von
Zelloidin-Paraffinschnitten. Z. wissenschaftl. Mikrosk. u. mikroskop. Technik
48,  226–227.

agert, J., Sun, C., Waite, J.H., 2006. Chemical subtleties of mussel and polychaete
holdfasts. In: Smith, A.M., Callow, J.A. (Eds.), Biological Adhesives.
Springer-Verlag, Heidelberg, pp. 125–143.

asaki, M.,  1921. On an adhering habit of a pygmy cuttlefish, Idiosepius pygmaeus
Steenstrup. Annot. Zool. Jap. 10, 209–213.

cott, R., 2005. Ventral Attachment in Sepia Species. In: Ph.D. Thesis. University of
Cape Town, South Africa.

hears, J., 1988. The use of a sand-coat in relation to feeding and diel activity in the
sepiolid squid Euprymna scolopes. Malacologia 29, 121–133.

ilverman, H.G., Roberto, F.F., 2010. Byssus formation in Mytilus. In: von Byern, J.,
Grunwald, I. (Eds.), Biological Adhesive Systems: From Nature to Technical and
Medical Application. Springer Verlag, Vienna, pp. 273–283.

ingley, C.T., 1982. Histochemistry and fine structure of the ectodermal epithelium
of  the sepiolid squid Euprymna scolopes. Malacologia 23, 177–192.
ingley, C.T., 1983. Euprymna scolopes. In: Boyle, P.R. (Ed.), Cephalopod Life Cycles,
vol I. Species Accounts. Academic Press, New York, pp. 69–74.

mith, A.M., 2006. The biochemistry and mechanics of gastropod adhesive gels. In:
Smith, A.M., Callow, J.A. (Eds.), Biological Adhesives. Springer-Verlag,
Heidelberg, pp. 167–182.
y 120 (2017) 73–82

Smith, A.M., 2010. Gastropod secretory glands and adhesive gels. In: von Byern, J.,
Grunwald, I. (Eds.), Biological Adhesive Systems: From Nature to Technical and
Medical Application. Springer Verlag, Vienna, pp. 41–51.

Smith, A.M., Callow, J.A., 2006. Biological Adhesives. Springer-Verlag, Heidelberg.
Spicer, S.S., Lillie, R.D., 1961. Histochemical identification of basic proteins with

Biebrich Scarlet at alkaline pH. Stain Technol. 6, 365–370.
Suwanmala, J., von Byern, J., Nabhitabhata, J., 2006. Observation of Idiosepius

pygmaeus (Cephalopoda, Idiosepiidae) at Klong Bangrong, Phuket Island,
Thailand. Phuket Mar. Biol. Center Res. Bull. 67, 49–51.

Teuchert, G., 1977. The ultrastructure of the marine gastrotrich Turbanella cornuta
Remane (Macrodasyoidea) and its functional and phylogenetical importance.
Zoomorphology 88, 189–246.

Tyler, S., 1976. Comparative ultrastructure of adhesive systems in the Turbellaria.
Zoomorphology 84, 1–76.

von Byern, J., Grunwald, I., 2010. Biological Adhesive Systems: From Nature to
Technical and Medical Application. Springer Verlag, Vienna.

von Byern, J., Klepal, W.,  2006. Adhesive mechanisms in cephalopods: a review.
Biofouling 22, 329–338.

von Byern, J., Rudoll, L., Cyran, N., Klepal, W.,  2008. Histochemical characterization
of  the adhesive organ of three Idiosepius spp. species. Biotech. Histochem. 83,
29–46.

von Byern, J., Schwaha, T., Ploszczanski, L., Cyran, N., 2010a. Characterization of the
adhesive systems in cephalopods - Nautilus. In: von Byern, J., Grunwald, I.
(Eds.), Biological Adhesive Systems: From Nature to Technical and Medical
Application. Springer Verlag, Vienna, pp. 66–73.

von Byern, J., Scott, R., Griffiths, C., Zheden, V., Cyran, N., 2010b. Characterization of
the  adhesive systems in cephalopods - Sepia. In: von Byern, J., Grunwald, I.
(Eds.), Biological Adhesive Systems: From Nature to Technical and Medical
Application. Springer Verlag, Vienna, pp. 73–86.

von Byern, J., Scott, R., Griffiths, C., Micossi, A., Cyran, N., 2011. Characterization of
the  adhesive areas in Sepia tuberculata (Mollusca, Cephalopoda). J. Morphol.
272,  1245–1258.

von Byern, J., Wani, R., Schwaha, T., Grunwald, I., Cyran, N., 2012. Old and sticky −
adhesive mechanisms in the living fossil Nautilus pompilius (Mollusca,
Cephalopoda). Zoology 115, 1–11.

von Byern, J., Dicke, U., Heiss, E., Grunwald, I., Gorb, S., Staedler, Y., Cyran, N., 2015.
Morphological characterization of the glue-producing system in the
salamander Plethodon shermani (Caudata, Plethodontidae). Zoology 118,
334–347.

Wollesen, T., Loesel, R., Wanninger, A., 2008. FMRFamide-like immunoreactivity in
sections and whole-mount preparatations. J. Neurosci. Meth. 179, 63–67.

http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0060
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0065
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0070
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0075
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0080
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0085
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0090
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0095
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0100
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0105
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0110
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0110
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0110
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0110
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0110
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0110
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0110
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0115
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0120
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0125
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0130
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0135
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0140
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0145
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0150
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0155
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0160
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0165
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0165
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0165
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0165
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0170
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0175
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0180
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0185
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0190
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0195
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0200
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0205
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0210
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0215
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0220
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0225
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0230
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235
http://refhub.elsevier.com/S0944-2006(16)30083-6/sbref0235

	Deloney softagar
	Fidopiastis aminopeptidase
	/content/jb/vol195/issue14/pdf/3298.pdf
	Characterization of a Vibrio fischeri Aminopeptidase and Evidence for Its Influence on an Early Stage of Squid Colonization


	Fido ROV-based trackng
	PNAS-2014-Pankey-E4736-42
	von Byern 2017 adhesive
	Characterization of the adhesive dermal secretion of Euprymna scolopes Berry, 1913 (Cephalopoda)
	1 Introduction
	2 Materials and methods
	2.1 Preparation and fixation
	2.2 Histology, histochemistry, immunocytochemistry
	2.3 Ultrastructure

	3 Results
	4 Discussion
	4.1 Comparison with other adhering cephalopods
	4.2 Attachment mechanism

	Acknowledgments
	References


	Lee embryology


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




