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ABSTRACT Members of the phylum Arthropoda detect fluid flow and sound/particle vibrations
using sensory organs called sensilla. These sensilla detect sound/particle vibrations in the
boundary layer. In the present study, archived specimens from the United States National
Museum of Natural History were examined in an effort to extend our knowledge of the presence
of sensilla on the early post hatching developmental stages, first and second instars, of
pycnogonids. In the work presented here we look at three families, four genera and ten species
of early post hatching developmental stages of sea spiders. They are Family Ammotheidae,
Achelia cuneatis Child, 1999, Ammothea allopodes Fry and Hedgpeth, 1969, Ammothea
carolinensis Leach 1814, Ammothea clausi Pfeffer, 1889, Ammothea striata (Mobius, 1902),
Family Nymphonidae, Nymphon grossipes (Fabricius, 1780), N. australe Hodgson, 1902, N.
charcoti Bouvier, 1911, N. Tenellum (Sars, 1888) and Pycnogonidae, Pentapycnon charcoti
Bouvier, 1910. Electron micrograph images of these species were used to identify and describe
the sensilla present.

Most body organs such as mouthparts, the eye tubercle, appendages and spines are
proportionally much smaller in the early post hatching developmental stages compared to their
size in the adults, while the sensilla are comparable in size and shape to those found on the
adults. In the first instar of Pentapycnon charcoti sensilla are present, but not in the adult. The
sensilla have an external morphology homologous to the sensilla found on adult pycnogonids.
The sensilla shaft lengths are tens of microns and two to seven in number. It is only possible to
establish the presence of sound detecting sensilla. Their functionality remains to be established
in future experimental work. Theoretical detection ranges of 1 to 100 m and 10 to 1 kHz are
possible.
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Introduction

Members of the phylum Arthropoda detect sound energy using sense organs classed as
mechanoreceptors on the surface cuticle of the animal. These same sense organs may also detect
tactile signals and particle motion, fluid flow patterns and sound energy. The sensory inputs
from these mechanoreceptors assist the animals in the detection of prey organisms, potential
predators and mates [1-7]. Chemical sensory organs have also been described from the cuticle of
arthropods [4 & 8]. These sensory sensilla termed filiform hairs in insects, trichobrothria in

Ammothea
carolinensis
A. carolinensis

Fig. 1. The large image in the upper right is the 550 um long second post hatching stage of
Ammothea carolinensis Leach 1814 as seen in a ventral view. Pb= the proboscis; Ch= the
cheliphore(s); II= the second larval appendage or larval palps; IlI= the third larval appendage or
larval ovigerous appendage. The image on the left side shows two five (5) branched sensilla
found on the cheliphores. The bottom right image is the same sensilla as seen from a side view.

arachnids and peg sensilla in crustaceans have been described in the scientific literature for over
130 years [8-12]. Sensory sensilla have been reported for the early developmental stages of two
genera and four species of sea spiders [13 & 14].

Sea spider reproductive biology is unique among the invertebrates in several ways. Sexually
mature male and female spiders release their gametes into the aquatic environment where
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external fertilization occurs. The males then use special appendages called ovigerous
appendages to collect the fertilized eggs, which are carried by the male until they hatch. If the
newly hatched sea spiders receive any post hatching care it is provided by the male [15, 16 &
17]. There are six developmental patterns observed in the Pycnogonida [17 & 18]

Methodology

Archived specimens of pycnogonid early developmental stages from the collections of the
National Museum of Natural History, Smithsonian Institution were used in this study. Larvae
were recovered from the ovigers of adult male specimens. The specimens were critical point
dried and coated with gold alloy for the scanning electron micrographs. A Phillips Electron

-

Pentapycnon charcoti

Fig. 2. Images A shows a dorsal view of the 141 pm long the first post hatching stage of
Pentapycnon charcoti. Pb= the proboscis; Ch= cheliphore(s); II = Second larval appendages or
larval palps; III= the third larval appendages or larval ovigerous appendages. The sensilla are
found on the dorsal side of the body.

Microscope was used in this study. The length of the sensilla and diameter of the socket was
measured on the electron micrographs. A total of 48 images of 25 specimens were analyzed in
this study [18 & 19].

Results
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The mechanoreceptors found on the early post hatching developmental stages of 10 species
representing four genera and three families of sea spiders had socket diameters ranging from 1
um to 8 um; with shaft lengths ranging from 5 pm to 39 pm and 2 to 6 shafts (See Table 1).

Mechanoreceptors called sensilla were found on the cuticle of Family Ammotheidae, Achelia
cuneatis Child, 1999, Ammothea allopodes Fry and Hedgpeth, 1969, Ammothea carolinensis
Leach, 1814 (See Fig. 1), Ammothea clausi Pfeffer, 1889, Ammothea striata (Mobius, 1902),
Family Nymphonidae, Nymphon grossipes (Fabricius, 1780), N. australe Hodgson, 1902, N.
charcoti Bouvier, 1911 (See Fig. 3), N. Tenellum (Sars, 1888) and Pycnogonidae, Pentapycnon
charcoti Bouvier, 1910 (See Fig. 2). The sensilla were located on the cheliphores (See Fig. 1-3)
and dorsal surface) of the early post hatching stages of members of these three families, four
genera and eight species.

The external form of the mechanoreceptors is the same as those described in adult sea spiders
other chelicerates, crustaceans and insects [1-4, 8-13 & 22]. Electron micrographs showing the
morphology of the early post hatching stages of sea spiders and their mechanoreceptors are
provided in Figures 1-3.

Nymphon charcoti

Fig. 3. Nymphon charcoti First post hatching stage on the left. Ch= cheliphore(s); Pb=
proboscis. The scale bar is 200 um. The arrows show the bifurcated sensilla on the dorsal side
of the animal on the cheliphores and proboscis.

Discussion

The sensory organs on the early post hatching stages of sea spiders described in this study
are of the fluid flow type described in the literature. They are composed of hair-like projections
extending from a socket in the cuticle [9 & 10]. The hair-like shaft functions as a leaver
responding to viscous forces in the water. The movements of the base end of the shaft stimulates
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one or more neurons which, signals indicating the velocity, direction and acceleration of the
water particles [7]. The sensing of fluid particle motion, that is, acoustic vibrations occurs in the
boundary layer. The boundary layer in aquatic organisms is thinner than in air, on the order of
100 um resulting in sensilla 10s of um in length [20]. Homologous organs in crustaceans have
been shown to detect sound frequencies between 10 Hz and 1 kHz. The detection ranges vary
from approximately 1 m to 100 m [2 & 7]. Sea spiders have mechanoreceptors like those
described above with sensilla attached to bi-polar neurons [10, 12 & 21]. The size and form of
these sensilla are comparable to those found in adult specimens of sea spiders. Alexeeva et al.
[14] have shown that the bifurcated sensilla of Nymphon brevirostre early post hatching stages
have a bipolar neuron linked to the central nervous system. From this it may be inferred that at
the time of hatching these sensory organs are in fact functional [21]. The functionality of these
sensilla as mechanoreceptors is somewhat problematical due to the fact that at the time of
hatching embryonic development is still incomplete [22].

Species Socket Number of shafts  Shaft length
Achelia cuneatis 3um 4 16 um
Ammothea allopodes 1.0 ym 6 9 um
Ammothea carolinensis 1.0 um 5 8 um
Ammothea clausi 4.0 ym 2 39 um
Ammothea glacialis 8.0 um 5 5.0 um
Ammothea striata 3.6 um 4 10 um
Nymphon australe 5.0 um 2 16 um
Nymphon charcoti 4.0 um 2 36 um
Nymphon grossipes 2.6 um 2 39 um
Pentapycnon charcoti 2.0 um 2 16 um

Table 1. Showing the socket diameter, number of shafts and shaft length of mechanoreceptors
found on early post hatching developmental stages of pycnogonids.

The developing body structures such as appendages and the other sense organs like the eyes
are proportionally small in the early developing stages. The mechanoreceptors, by comparison,
are formed in the size and shape found in the adults [20]. Whether such sensory sensilla are
functional in detecting sound energy in the form of particle vibrations is not yet established.
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