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Figure 5. Dorsal view of A. estuariensis 
abdominal segments, showing characteris-
tic banding pattern.

Figure 6. Dorsolateral view of A. angulosus 
head, showing blue antennal fl agella (one 
indicated by arrow).

Figure 7. Eggs of A. angulosus (top) and 
A. heterochaelis (bottom) about halfway 
through embryonic development. Egg size: 
top, 0.71 x 0.60 mm; bottom, 1.12 x 1.03 
mm.

Figure 8. Stage II zoea larva of A. angulo-
sus. Total length = 2.56 mm.
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    The most signifi cant and consistent new characteristics separating A. an-
gulosus from the other two species are color of both pairs of antennal fl agella 
and length of the 2nd pair: blue-green and short, respectively, in A. angulosus 
(Fig. 6); tan (red-brown) and long, respectively, in A. heterochaelis and A. 
estuariensis (Figs. 4b  and 5). The proportion of antennal fl agellum length 
to carapace length was found to differ signifi cantly between A. heterochaelis 
and A. angulosus with means of 4.2 ± 0.7 and 3.2 ± 0.8, respectively (t = 
3.04, df = 18, P < .05). Alpheus estuariensis (3.4 ± 0.9, n = 3) was not in-
cluded in the length analysis due to low sample size.
    In general, shrimps kept in the laboratory gradually lost the overall dark 
coloration present at collection, becoming pale tan to virtually translucent 
(Fig. 4a). This “blanching” phenomenon was markedly greater in A. het-
erochaelis and A. angulosus than in A. estuariensis. However, even after 
extended periods in the lab, the antennae of all A. angulosus individuals 
retained their blue-green color, and those of A. heterochaelis and A. estuar-
iensis their tan color.

Development
    In the fall collection of A. angulosus, the pleopods of females were ob-
served to bear viable but numerically few eggs in various stages of embryonic 
development; A. heterochaelis females were not gravid in the fall. There was no 
obvious difference in egg number per female between the summer A. angulosus 
(FL) and A. heterochaelis (NC) populations. The number of eggs found on a 
given ovigerous female ranged from a few to over 200. Eggs of A. heterochae-
lis in the earlier stages were about twice as big as similarly developed eggs of 
A. angulosus (Fig. 7); this relationship persisted throughout later stages (e.g., A. 
heterochaelis, 1.53 x 1.21 mm, vs. A. angulosus, 0.75 x 0.60 mm). The eggs of 
both species contained green yolk, but there was one instance of brown-colored 
yolk in A. angulosus. Based on measurements of eggs attached to pleopods of 
A. estuariensis females preserved in the USNM collection, sizes at comparable 
stages are about 0.5 mm (early) and 0.9 x 0.7 mm (close to hatching).
    More often than not, the ovigerous females kept in the lab did not retain 
eggs on their pleopods, but a single live larva was found to have hatched 
from one of the A. angulosus eggs (fall collection). Although the larva was 
photographed (Fig. 8) and examined upon discovery, the fi rst instar was 
presumed to be missed since, in alpheids with extended larval development, 
it typically is only a matter of hours before the molt to the second instar oc-
curs (Knowlton 1973). The larva swam around for a few days after hatching, 
but did not survive past “Stage II.” Compared to descriptions and fi gures 
of A. heterochaelis larvae (Knowlton 1973), the two species at “Stage II” 
exhibited the following similarities: antennal scales with terminal segments, 
stalked compound eyes, three pairs of maxilliped exopods, visible rudiments 
of other thoracic appendages, telson with 7 + 7 plumose setae, and a median 
notch. Larval features of A. angulosus that were different include smaller 
size, the lack of pleopod rudiments on the abdomen, presence of a large red 
chromatophore at the base of the telson, less residual yolk, and possibly a 
more strongly notched telson. 
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Discussion

Habitats 
    Our collection data, albeit limited to four sites, are consistent with Mc-
Clure and Wicksten’s (1997) observation that, between Alpheus angulosus 
and A. heterochaelis, one or the other species was generally much more 
common at each of their sampling localities. In previous fi eld work (R.E. 
Knowlton, unpubl. data) at the Beaufort sites, A. angulosus was rarely found 
at DUML (one individual, compared to 19 A. heterochaelis), but was more 
abundant at DG (10 animals, vs. 30 A. heterochaelis), confi ned mainly to 
a small area of predominantly loose oyster shells over a rather sandy sub-
stratum; in contrast, A. heterochaelis was almost always under larger shell 
clumps partially embedded in mud (at both sites).

Morphology
    In our study, A. angulosus was found to be more diffi cult to distinguish 
visually from A. heterochaelis than from A. estuariensis. Alpheus angulosus 
is described as distantly related to A. heterochaelis and A. estuariensis, being 
more closely related to A. armillatus, which has a conspicuous banded color 
pattern (Mathews et al. 2002). However, since several species are currently 
confused with A. armillatus, and some of them are present in Florida and 
elsewhere along the southeastern US coast (Mathews 2006), the affi nities 
and actual distribution range presently remain undetermined.
    The main new morphological fi nding of our study is the difference in 
antennal fl agellum color and length between A. angulosus and the other two 
species. While freezing has been used to preserve coloration for description 
(McClure 1995), examination of live animals, preferably recently collected 
ones, reveals important taxonomic characters that are not likely to be dis-
torted. Especially among Alpheus spp., differences in coloration have been 
shown to be of systematic importance (Knowlton and Mills 1992).
    Previous morphological descriptions generally matched our findings 
(summarized in Table 1), but further clarification is desirable for functional 
use in identification. Antenna length and color, plus chela morphology, 
are probably the easiest means of identification of these three species. 
Chela morphology, which exhibits a certain degree of sexual dimorphism 
(McClure and Wicksten 1997), is especially useful if shrimp are found in 
mating pairs; thus, males and females of the same species can be compared 
to each other. 

Development
    The A. angulosus larva that hatched exhibited the “zoea” larval form 
typical of most species of Alpheus (Knowlton 1973), as well as caridean 
shrimp in general. Based on observations of larvae captured in plankton 
and/or reared in the laboratory, alpheid species have typically been shown 
to exhibit an extended period (circa 2–3 weeks) of larval development in-
volving at least 4, and probably more (about 9), instars (Knowlton 1970). 
In contrast, A. heterochaelis hatches as a larger (>l mm, regardless of 
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stage), more advanced larva that passes through only 3 instars in 4–5 days 
(Knowlton 1973). The smaller eggs and larva of A. angulosus (Table 1), 
however, are consistent with extended post-embryonic development, be-
ing the result of a shorter period of embryonic growth and morphogenesis; 
based on egg size, A. estuariensis also appears to demonstrate this pattern. 
The fundamental differences found between A. heterochaelis and A. angu-
losus with regard to egg size and pattern of larval development indicate 
strong differences in reproductive biology. Interspecies habitation of the 
same burrow has been observed for other species of snapping shrimp, and 
linked to facultative symbiosis with interspecific communication (Boltaña 
and Thiel 2001), but was not observed between males and females of dif-
ferent species in the present study. 

Conclusions
    Traditional taxonomic practices, such as careful observation of preserved 
adult specimens, are certainly of value in discerning some differences among 
species. But with regard to morphologically similar Alpheus spp., such as 
those described above, it becomes all the more important to consider addi-
tional characters (e.g., color) based on living animals in different ontogenetic 
phases, and to investigate ecological-behavioral features (e.g., habitat pref-
erences), some of which may be found to be unique enough to be helpful in 
locating and identifying particular species in the fi eld. The variety of features 
described here also are interrelated with each other (e.g., morphogenesis) and 

Table 1. Key morphological features differentiating the principal southeastern US Alpheus spp., 
based on this study and Christoffersen (1984), Knowlton (1973), McClure (1995), McClure and 
Wicksten (1997), and Williams (1984). Unless otherwise indicated, characters refer to adults.

Character                       A. angulosus A. estuariensis A. heterochaelis

Antennal fl agella:          Blue, short (Fig. 6) Tan, long  Tan, long (Fig. 4b)
   color, length                  (Figs. 4c, 5)
   (of 2nd ant.)                 

Base of rostrum             Widens into fl attened Triangular area  Triangular area 
                                        triangular area    lacking     lacking 
                                        on carapace (Fig. 3a)    (Fig. 3b)

Major chela:                  Present Absent Absent
   distoventral  
   merus spine

Minor chela:                  Short, broad (Fig. 4a) Long, very  Long, “balaeniceps” in 
   propodus and                 slender     male (Figs. 1, 4b)
   dactylus                          (Fig. 4c)

Uropods: color               Tan to pale blue Tan to pale blue Bright blue spots bordered
                                         (Fig. 2a)    with orange (Fig. 2b)

Egg size (regardless      Less than 1 mm  Less than 1 mm More than 1 mm (Fig. 7)
   of embryonic stage)       (Fig. 7)

Larva (1-day old):         2.5–2.6 mm, pleopods (Unknown) 4.6–4.8 mm, pleopods 
   total length, pleopod     absent (Fig. 8)     biramous but 
   development                    rudimentary 
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the ecological roles of the species, and are important considerations for re-
search involving complexes of superfi cially similar alpheid species.
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