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ABSTRACT 

PALEOBIOLOGY OF AGNOSTID TRILOBITES: 

FUNCTIONAL MORPHOLOGY, GROWTH, AND EVOLUTION 

by 

Linda Anita Ritterbush 

Master of Science in Geology 

Agnostid trilobites are a group of Cambro-Ordovician arthropods 

having unique features of morphology, function, growth, and evolution. 

Middle Cambrian agnostids from western Utah appear to have been pel

agic filter-feeders capable of independent locomotion and defensive 

enrollment. The specially-modified hypostoma was probably adapted 

for the creation and exploitation of turbulence during feeding. Re

duction in number of appendage pairs may have resulted in increased 

reliance on labral secretions and appendage modification for feeding. 

A quantitative analysis of shape changes during ontogeny reveals that 

agnostids display the least degree of ontogenetic change among Cam

bro-Ordovician groups. Evolutionary rates in agnostids appear to 

differ significantly from those of other trilobites. Rates of gen-
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eric origination among agnostids were low during the Late Cambrian 

and Early Ordovician--an effect attributable to freer gene flow 

among pelagic populations. The question of which taxon is closest 

phylogenetically to the agnostids has not been adequately answered. 

Previous hypotheses suggesting a close evolutionary relationship 

between agnostids and eodiscids are inadequate because the similari

ties upon which these models have been based are especially 

susceptible to convergence or parallelism. The search for taxa 

sharing derived traits with agnostids should be broadened to include 

the entire spectrum of early arthropods. 
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INTRODUCTION 

Trilobites have figured prominantly in the recent surge of in

terest in paleobiology. Because they were remarkably complex animals 

appearing early in invertebrate history, knowledge of their biology 

is useful for studies of interrelationships among arthropod groups, 

and for evolutionary studies in general. One unique group, however, 

has been somewhat neglected in paleobiology studies. The Cambro~ 

Ordovician agnostid trilobites formed a cosmopolitan group known pri

marily for its biostratigraphic utility. But their distinctive mor

phologies make them promising subjects for paleobiologic study. 

This thesis explores some selected features of agnostid paleo

biology. The three categories selected for study represent crucial 

biological facets which have either been largely ignored (as evolu

tionary rates) or which have been incompletely or inadequately tre

ated (functional morphology and growth). This paper is divided into 

four major sections. The Introduction section summarizes previous 

work, describes the collection of material for the present study, de

fines descriptive morphologic terms used in this paper, and presents 

new morphologic information on some agnostid species from western 

Utah. The Functional Morphology section integrates the various 

unique characteristics of agnostid shape in a unified functional in

terpretation. The Growth section focuses on comparison of shape 

changes during the ontogeny of agnostid trilobites to that of other 
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trilobite groups. Finally, the Evolution section compares evolution

ary rates of agnostids to those of other Cambro-Ordovician trilobites, 

and evaluates current theories on the phylogenetic relationships of 

agnostids. 

ACKNOWLEDGMENTS 
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graduate committee. Dr. Richard Squires provided direction and en

couragement throughout the project. Dr. William Lumsden and Dr. 
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discussions. I extend special thanks to George Davis and Dr. Squires 
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PREVIOUS WORK 

Functional Morphology 

Previous work on agnostid functional morphology has concentrated 

on mode-of-life interpretations. Some such interpretations--such as 

Lamont•s (1967) theory that the enrolled forms mimicked pebble shape-

have been poorly documented. Other attempts have failed to attract 

widespread support. These include Bergstrom•s (1972) theory that 

agnostids were parasitic, and Lochman•s (1940) contention that they 

were infaunal. The presently-prevailing consensus, stated by Howell 

and Resser (1934), Opik (1961) and Robison (1972b), casts agnostids 

as pelagic, oceanic animals feeding on microplankton. Robison 

(1964a, l972b) further suggested that locomotion could have been 

accomplished by clapping cephalon and pygidium together, in a manner 
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analogous to valve clapping in Pecten. He did not, however, support 

the idea in the form of a functional morphology interpretation. 

Growth 

The earliest studies on trilobite growth were conducted by 

Barrande (1852) and Beecher (1895). Raw (1925) summarized early 

work on growth and ontogeny. More recent work was comprehensively 

reviewed by Whittington (1957). 

A few authors have specifically addressed agnostid growth. Al

though Barrande (1852) described growth stages in the agnostid 

Trinodus elspethi, subsequent work has been limited. Robison (1964a) 

qualitatively described ontogenetic changes in Peronopsis inter

stricta. Hunt (1967) used bivariate plots to distinguish the nine 

molt stages of Trinodus elspethi, and Ritterbush (1978) used cluster 

analysis to distinguish a minimum of six molt stages in Peronopsis 

interstricta. 

Evolution 

Relative to functional morphology and growth, far less is known 

about agnostid evolutionary patterns. Although agnostids are included 

in various schemes of trilobite evolution (Cisne, 1974; Bergstrom, 

1972; Eldridge, 1977; Jell, 1975), agnostid evolution~~ has 

not been treated. Robison's (1975) statements that agnostid evolu

tion fits the model of punctuated equilibrium, and that agnostid 

species "seem to have longer stratigraphic ranges" than other trilo

bites, are the only contributions thus far to evolutionary rate and 

evolutionary mode in agnostids. 
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MATERIALS 

Middle Cambrian agnostid trilobites were collected from two lo

calities, both within the Middle Cambrian Wheeler Shale of the House 

Range in western Utah, in June, 1977. The collection from the 

Wheeler Amphitheater is referred to hereafter as the WA collection; 

that from Marjum Pass is referred to as the MP collection (Fig. 1,2). 

Walcott (1908) designated the Wheeler Amphitheater as the type sec

tion for the Wheeler Shale. The locality and its fauna, famous for 

its abundance of the "rock shop" trilobite Elrathia kingi was thor

oughly studied and described by Robison (l964a,b). The Marjum Pass 

section and its fauna were briefly mentioned by Robison (1964a) and 

Hanks (1962). 

The stratigraphy, biostratigraphy, and paleogeography of the re

gion are well known. The lithology and thickness of the Wheeler 

Shale and other formations exposed in the House Range were described 

by Walcott (1908), Deiss (1938), Wheeler (1948), Wheeler and Steele 

(1951), and Robison (1960, 1964 b,c). The north-south trending House 

Range is located in the eastern Great Basin. Low-angle thrust faults 

and high-angle normal faults cut a thick sequence of alternating 

limestones and shales of Late Precambrian to Ordovician age. Accord

ing to Stewart and Suczek (1977), the section represents sediments 

that accumulated along the western margin of the craton following 

Late Precambrian rifting. Sedimentation varied laterally from an 

inner belt of detrital deposits to a middle carbonate belt, to an 

outer detrital belt. The alteration between shale of the Wheeler 

Shale and limestones of the underlying and overlying formations repre-
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sents oscillation of the boundary between the carbonate belt and the 

outer detrital belt (Stewart and Suczek, 1977). In the House Range, 

the Wheeler Shale is underlain (most commonly conformably) by the 

Swasey Limestone and overlain (most commonly conformably) by the Mar

jum Formation (Robison 1960, 1964b). Agnostid-bearing Wheeler Shale 

beds are within the Bathyuriscus fimbriatus Subzone of the Bolaspi

della Assemblage Zone of Robison (1964a). 

Fossil preservation differs at the two localities. At Wheeler 

Amphitheater, recrystallization has resulted in abnormal thickening 

(to about 2mm) of the original carapace. This commonly obscures de

tail on the depositional underside, which is usually the ventral side. 

The upper surface is typically reasonably well preserved, although 

details such as glabeller nodes may be obscured. Partial pyritiza

tion has occurred in some specimens. Many agnostid specimens weather 

out whole, as do I· kingi specimens. Specimens from the Marjum Pass 

section are more poorly preserved. In most cases, thickening has 

occurred and many specimens weather out. A few MP specimens are 

slightly pyritized, and a few have not been thickened by recrystalliz

ation and are thin and translucent. 

Composition of the agnostid faunas is also different at the two 

localities. The WA collection is dominated by Peronopsis interstric

ta but includes less common Baltagnostus eurypyx, Peronopsis fallax, 

and Ptychagnostus cf. richmondensis. Identification of MP specimens 

is complicated by poor preservation. The fauna is restricted in di

versity, and may be monospecific. I have referred these individuals 

to Ptychagnostus~- They may be conspecific with Robison's Ptychag-
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nostus ~··or they may represent a smaller geographic variant of 

Ptychagnostus richmondensis. The problem of geographic variation in 

f. richmondensis is unresolved and merits further study. The size 

range in agnostids at Wheeler Amphitheater extends from small (0.8 

mm) meraspids (immature forms) to large (1 em) holaspids (adult 

forms). The meraspids are remarkably well represented (an unusual 

characteristic of trilobite assemblages). The MP collection, by con

trast, exhibits strong bias against small speciments; all recogniz

able individuals are holaspids. 

METHODS 

The methods used to obtain and analyze the basic data are des

cribed here. Analytic methods are further discussed in the appro

priate following chapters. 

Collection 

The WA collection consists of approximately 300 individuals from 

a one-meter interval within the Wheeler Sale at Wheeler Amphitheater 

(Fig 1). The MP collection (about 200 individuals) was made at five 

stratigraphic intervals within the Wheeler Shale at Marjum Pass (Fig 

1). In addition, a large collection from this section was taken 

from the abundant 11 float 11 at this locality. 

Analysis 

A comparison of ontogenetic shape changes between agnostids and 

other trilobite groups is discussed in the Growth section of this 

paper. Differences in shape change were established using a shape 
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quantification program by Huffman et al. (1978), which was modified 

for use on the Cyber 174, a time-sharing computer system operated by 

the California State Universities. 

Statistical methods employed in the Evolution section of this pa

per closely follow the technique proposed by Raup and Marshall (1980) 

for distinguishing significant differences in evolutionary rates. 

The critique of previous phylogenetic theories about agnostids adopts 

some of the methods of cladistics (Eldridge, 1979). 

The functional morphology approach in this paper conforms pri

marily with the 11 paradigm 11 approach of Rudwick (1964). 

DESCRIPTIVE MORPHOLOGY 

General Morphology 

Agnostids are morphologically distinctive. Figure 3 shows mor

phologic features important to this paper. Terms are a combination 

of those suggested by Palmer (1955) and Robison (1964a). Agnostids 

lack dorsal eyes and facial sutures. They invariably have two thor

acic segments. The glabellar lobe of the cephalon shows less annula

tion than its does in eodiscids and most polymerids. Most genera 

have a single transverse glabellar furrow, whereas some have a second, 

non-transverse pair of glabellar furrows. A triangular basal glabel

lar lobe is commonly well developed. An anterior node is prominant. 

The pygidial axial 11 node, 11 found in many genera, commonly extends in

to a posteriorly-directed spine. Spines may also be present at pos

terior corners of the cephalon, along the axis of thoracic segments, 
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and at the posterior margins of the pygidium (Harrington, 1959; 

Bergstrom, 1972; Robison, l964a; Palmer, 1955; Opik, 1961; Hunt, 

1967). 

Muscle Scars 

Muscle scars on agnostids, also unique, deserve special atten

tion. Because they are infrequently preserved, they have been de

scribed in detail only once (Palmer, 1955). The two anterior pairs of 

cephalic muscle scars (Fig. 4) are unusually large and ovate, where

as the second pair are elongate and arcuate. The remaining pairs 

(two pairs on the cephalon, three pairs on the pygidium) are smaller, 

globular in shape, and close to the midline--in short, more typical 

of trilobite appendage muscular attachment sites (see Eldridge's 

(1971) depiction of appendifers of Greenops boothi.) To date, no ex

planation has been offered for the anomalous appearance of the two 

anterior pairs. 

Hypo stoma 

The agnostid hypostoma also merits description. In trilobites 

the hypostoma is a calcified labrum which covered the mouth ventrally 

just as the labrum does in recent arthropods (Harrington, 1959). The 

agnostid hypostoma, long thought to be either non-existent or non

mineralized, was first described by Robison (1972a). Although many 

polymerids and the eodiscids have simple, shield-like hypostomas, 

the hypostoma described by Robison is highly modified (Fig. 5,6). 

The anterior and posterior wings are exceptionally long and curve 

gently inward; the posterior pair are elongated in cross-section. 
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Figure 4. Location of muscle scars in agnostid species de
scribed by Palmer (1955). All are dorsal views. 
Dark andstippled areas are muscle scars. 
a) cephalon of Pseudoagnostus convergens 
b) cephalon of same species, to show location of 
glabellar furrows. c) pygidium of Pseudoagnostus 
communins d) pygidium of Geragnostus tumidosis 
(a-d after Palmer, 1955) 
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a 

Figure 6. The eodiscid hypostoma, showing shape and 
position. a) broken hypostoma in Pagetia, ventral 
view; after Opik, 1952 b) reconstruction of 
hypostoma of Pagetia, based on several individuals 
(after Jell, 1975.) 
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The body of the hypostoma is marked by a raised, subtriangular an

terior boss and two large subtriangular fenestrules. The only other 

original descriptive work on agnostid hypostomas to date is Jell •s 

(1975) depiction of a single, unattached hypostoma, and his atten

dant discussion. 

Even the limited literature on the agnostid hypostoma is some

what confusing, contradictory, and probably misleading. Based on 

many specimens with intact hypostomas from my WA and MP localities, 

resolution of several points of confusion is possible. These points 

include: l) the presence of open 11 fenestrules 11
; 2) conditions under 

which the hypostoma is preserved; 3) the in situ position of the 

hypostoma in agnostids; and 4) similarities and differences between 

agnostid and eodiscid hypostomas. 

1. open fenestrules 

Most, but not all, of Robison's (1972a) hypostoma specimens (most 

of which are silicified) exhibit open subtriangular fenestrules. 

Jell's (1975) single specimen has a 11 SOlid 11 hypostoma: the fenestrule 

areas, essentially identical in size and position to Robison's, are 

slightly depressed, mineralized areas. He therefore contended that 

the original hypostoma did not have open fenestrules, and that these 

areas had not been silicified in the agnostids in Robison's collec

tion. In my WA and MP collections, however, calcareous hypostoma 

specimens exhibit open fenestrules. Rarely, obvious secondary growth 

of calcite in the fenestrule area is present. It therefore appears 

that open fenestrules are a true reflection of agnostid hypostomal 

morphology, and not just an artifact of preservation. 
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2. preservation conditions 

The occurrence of calcite incrustations on many Wheeler Amphi

theater trilobites has been noted and discussed by Robison (l964a) 

and Bright (1959). A similar type of preservation occurs in MP 

agnostids. According to Bright (1959), the incrustations consist of 

fibrous calcite crystals which grew perpendicular to the trilobite 

carapace. Such a perpendicular pattern of crystal growth results in 

the incrustation surface reflecting the original surface rather 

clearly, although minor details may be obscured. According to Bright 

(1959), these changes are diagenetic, occurring after burial but be

fore lithification of the surrounding sediment. Gases from decaying 

organisms were trapped beneath the carapace, resulting in mineral 

precipitation on the underside of the carapace (between the carapace 

and the surface on which it came to rest). Whether the incrustation 

is found on the dorsal surface (in the morphologic sense) or the ven

tral surface of the trilobite carapace depends upon the position in 

which the dead animal came to rest. One resting right-side-up should 

have an incrustation on the ventral side; one resting upside-down 

would have an incrustation on the dorsal side. 

Robison (1964a) discussed this mode of preservation in reference 

to the fortuitous preservation of the hypostoma in agnostids. He 

found that most agnostids appeared right-side-up on the bedding plane, 

with just a few appearing ventral-side-up. Because all his hypo

stoma-bearing agnostids were preserved ventral-side-up, he concluded 

that the hypostoma was preserved only when the animal came to rest 

upside-down on the substrate. The hypostoma, he therefore concluded, 
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must have been 11 unattached 11
, merely held in place by tissue surround

ing the wings. 

These assertions are not entirely consistent with my field ob

servations. Although most hypostoma-bearing agnostids at WA were 

preserved ventral-side-up as observed by Robison (1964a), preser

vation at MP differed. At the latter locality, many weathered-out, 

hypostoma-bearing Ptychagnostus specimens have incrustations on their 

ventral sides, indicating that the hypostoma was preserved even when 

the animal came to rest right-side-up on the substrate. (Examples 

are in Plate 1, figures 1 and 2.) As mentioned above, the incrust

ation obscurs the finer features, such as the fenestrules of the hy

postoma. In a few cases (an example is in Plate 1, figure 3), badly

weathered dorsal-side-up specimens exhibit a hypostomal outline, in

dicating the presence of a hypostoma beneath the carapace. 

These observations detract from Robison's (1964a) preference for 

a tissue-supported hypostoma. My evidence, based on muscle scar pat

terns, supports a muscular connection between hypostomal wings and 

the underside of the carapace. 

3. life position 

The life position of the hypostoma may have functional and sys

tematic significance. Implications arising from its position are 

discussed in the Functional Morphology section. Robison (1972a) 

stated that the agnostid hypostoma hung beneath the first (anterior) 

glabellar lobe, which is the standard position in polymerids 

(Rasetti, 1952) and eodiscids (Opik, 1952; Jell, 1975). Robison 
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(1972a) photographed one individual of Peronopsis fallax where this 

appeared to be the case. Because most of his specimens were silic

ified and picked from acid residues, all the other described hypo

stomas were either entirely free from the carapace or obviously dis

placed and clinging to the cephalon. Jell (1975), having only an un

attached agnostid hypostoma, accepted the typical anterior placement 

from Robison (1972a), and used it for comparing agnostid and eodiscid 

features. Thus this position has become established in the litera

ture. As photographs of WA Peronopsis interstricta (Plate 1; figures 

4,5) and MP Ptychagnostus~- (Plate 1, figures 1,2) clearly show, 

the position reported by Robison is not supported by these specimens, 

all of which have associated, undisplaced (except for dorsal-ventral 

compression) hypostomas. The position of the hypostoma is identical 

in all these cases. Comparison with position of furrows (Plate 1, 

figures 6-8) demonstrates that the anterior wings extended to a po

sition slightly anterior of the junction between the axial furrow 

and the transverse glabellar furrow. The posterior wings were sit

uated close to the anterior apex of the basal glabellar lobe (and in 

Ptychagnostus, the second glabellar furrow.) This position is shown 

diagramatically in figure 7. Considerable evidence thus exists that, 

in at least some species, the hypostomas primarily underlay the sec

ond glabellar lobe (i.e., the area posterior of the transverse gla

bellar furrow). Whether or not this position was universal for ag

nostids is still uncertain. (Robison's single associated hypostoma 

may have been displaced.) 
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a 

Figure 7. 

c 

Position of hypostoma in agnostids from WA and MP. 
a) Peronopsis interstricta from WA; dorsal view 
of cephalon. b) P. interstricta, ventral view 
with hypostoma (from WA). c) Ptychagnostus~· 
from MP; dorsal view of cephalon d) Ptychagnostus 
!e· from MP, ventral view with hypostoma. 
e) Ptychagnostus~., dorsal view showing 
weathering hypostoma. (a-e drawn from photographs, 
Plate 1.) 
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A further observation about agnostid hypostomas and the muscle 

scars previously described is essential. The location of the four 

wings of the hypostoma (Fig. 7) and the four anomalous muscle scars 

on the cephalon of Pseudoagnostus convergens (Fig. 4) are strikingly 

similar. The anterior pair of muscle scars corresponds to the an

terior wing pair of the hypostoma. The elongation of the second 

pair of muscle scars corresponds to the elongated cross-section and 

11 inturned 11 angle of the posterior wings (Fig. 5). It is not known, 

of course, whether P. convergens had a hypostoma, or whether the 

hypostomal position I have just described was universal, or even com

mon. But the similarity of position certainly suggests that the mus

cle scars were places where muscles provided a connection between 

wings and carapace. Such well-developed muscles could also be used 

for labral manipulation (a subject addressed later, in the Functional 

Morphology section). 

4. Comparison between eodiscid and agnostid hypostomas 

Finally, a comparison between the agnostid hypostoma and that of 

eodiscids is instructive. The eodiscid hypostoma (Fig. 6) was des

cribed by Opik (1952) and Jell (1975). It is a simple, gently con

vex plate with short anterior wings--that is, identical with the more 

generalized polymerid hypostomas (Harrington, 1959; Robison, 1972a). 

Its position is likewise identical to that of most polymerids. In 

all these trilobites, the hypostoma completely undergirded the anter

ior region of the glabella; thus the anterior portion of the stomach 

and other organs were protected both ventrally and dorsally. Because 

Jell (1975) mistakenly regarded the agnostid hypostoma as 11 SOlid 11 
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(i.e., lacking open fenestrules), and because he followed Robison 

(1972a) in placing it anteriorly, he believed the eodiscid and ag

nostid hypostomas to be closely similar, restricting the differences 

to the longer wings and the anterior boss of the agnostids. His 

close comparison had strong implications. Agnostids have a simple 

dorsal carapace, with few observable features; therefore, any ven

tral features assume great importance in systematics and phylogenetic 

reconstruction. Jell used his version of hypostomal similarities as 

prime evidence for a close phylogenetic relationship between eodis

cids and agnostids. A correct view of hypostomal morphology and po

sition, then, mandates a review of eodiscid-agnostid relationships; 

this task is undertaken in the Evolution section of this paper. 

Anatomical Reconstruction 

Before proceeding with functional morphology it may be helpful to 

review what is known about agnostid soft-part anatomy. Knowledge of 

trilobite soft anatomy is mainly derived from X-ray photography of 

a few very well preserved polymerids and features of the inner sur

faces of the carapace in various trilobites. Summarizing from Berg

strom (1972), Eldridge (1971), Cisne (1975), and Opik (1961), the 

major features are the following: 1) A tubular pharynx leads from a 

mouth (covered with the hypostoma) upward and anteriorly to the an

terior of the stomach. 2) A stomach beneath the anterior part of 

the glabella is divided into two parts by a constriction. In agnos

tids, the constriction coincides with the transverse glabellar furrow 

(Opik, 1961). 3) A simple tubular gut extends through the length of 
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the axial region. 4) A hepatopancreas ( 11 liver 11
) lies beneath the 

glabella. In agnostids, this extends into the rest of the region be

neath the cephalon by intestinal diverticula. 5) The biramous appen

dages are usually considered 11 generalized", but are also known to 

show some limb specialization (Cisne, 1975; Whittington, 1977). A 

uniramous antenna pair may also be present. One biramous limb pair 

is associated with each thoracic segment. The cephalon may have up 

to five pair of biramous appendages, apparently attached at junctions 

between axial and glabellar furrows. (The fact that anterior hypo

stomal wings are also sometimes attached at such junctions may be due 

to their ori gina 1 deri va ti on from appendages; Bergs tram, 1972) . In 

cases where the number of cephalic limbs has been reduced, anterior 

limb pairs are lost first (Eldridge, 1971). Musculature is present 

for attachment of appendages, attachment and manipulation of the hypo

stoma, and support of the digestive tract. Small muscle scars along 

the axial furrow may correspond either to diminuative appendages 

(Eldridge, 1971), or visceral support (Bergstrom, 1972). 

To these general features I add the following interpretive points 

from the previous description of agnostid muscle scars. The three 

pairs of large, globular muscle scars on the pygidium described by 

Palmer (1955; figure 4 of this paper) are 11 typical 11 for scars corres

ponding to limb attachment sites (apodemes). Eldridge (1971) supports 

this interpretation for similar scar pairs on the pygidium of Greenops 

boothi. The two posterior pairs of scars on the cephalon are nearly 

identical in alignment and shape; thus it seems reasonable to regard 

them as appendage sites as well. The function of the tiny scars 
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along the axial furrow on the pygidium is equivocal, but the differ

ence in size between them and the larger scars suggests that they 

were most likely for visceral support. 

If this interpretation of limb attachment is correct, the appen

dages of an agnostid would be arranged as shown in figure 8. The 

anterior-most appendage pair would attach either beneath the poster

ior rim of the hypostoma, or immediately posterior of the rim. The 

exact position would depend on the curvature of the posterior wings, 

which apparently varies (Robison, l972a). In all trilobites, a pair 

of appendages was associated with each thoracic segment. Thus, the 

reduced number of thoracic segments along resulted in agnostids 

having many fewer limb pairs than most polymerids. The reduced num

ber of glabellar furrows also indicates limb number reduction. 
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Figure 8. Appendage reconstruction: lateral view of a 
species of Ptychagnostus, showing possible 
positions of mouth and appendages. 
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FUNCTIONAL MORPHOLOGY 

INTRODUCTION 

Ideas previously proposed for agnostid function and mode of life 

have not been conclusive. In particular, detailed work relating 

specific points of agnostid morphology to proposed functional models 

is lacking. A comprehensive picture fusing the various unique as

pects of agnostid morphology into a unified whole is needed. 

Rudwick (1964) applied the term 11 paradigm 11 to this sort of pic-

ture, and his paradigm concept has provided a framework for modern 

functional morphology work. 

Features especially characteristic of agnostids, and therefore 

worthy of functional interpretation, fall into three categories: 1) 

the distinctive features of the hypostoma; 2) those indicating limb 

reduction; and 3) obvious adaptations to enrollment. These categories 

are treated individually below. The 11 tools 11 I have chosen for inter

preting these traits are: 1) analogies with modern small, pelagic 

crustaceans, and 2) fluid dynamics. Both 11 tools 11 have a history of 

importance in the functional study of invertebrates by many workers 

(Balsam and Vogel, 1973; Chamberlain, 1971; Welch, 1978; LaBarbara, 

1977; Eldridge, 1971; Bergstrom, 1972). Before considering the three 

categories, however, a summary of previously established hypotheses 

relating to agnostid mode of life may be helpful. I also propose a 
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basic mode of locomotion for use in fluid dynamics interpretations. 

The consensus that agnostids were pelagic and oceanic has already 

been mentioned; this is based primarily on physical evidence (e.g., 

facies independence, cosmopolitanism). Robison (1975) has ably demon

strated size displacement which, given the small size of agnostids, 

was probably based on preferred sizes of particles in small-particle 

feeding. A type of filter-feeding might also be expected because 

agnostids were almost undoubtedly derived by neoteny, and some type 

of filter-feeding is employed by juveniles of most marine arthropods 

(Marshall and Orr, 1960; Hinton, 1979; Whittington, 1957). 

Some general features of locomotion also must be elucidated. 

Widely varying modes of locomotion have been suggested. Robison's 

(1964a) suggestion that agnostids lived enrolled and moved by valve

clapping like Pecten requires reevaluation. I have not adopted his 

mode here for the following several reasons: 1) Pectinid swimming re

sults in movement in the direction of valve opening because water is 

extruded from the beak area through the exhalent siphon (a type of 

"jet propulsion"; Clarkson, 1979). No arthropod has been known to 

have such a structure; and it is difficult to imagine any arthropod 

structure which could be modified for this purpose. 2) Pecten (and 

most "pectinids") has a shell which is quite streamlined in cross 

section (Fig. 9a). An enrolled agnostid differs considerably (Fig. 

9b), and streamlining is less evident. 3) Many agnostids are spinose. 

Spines or elongate projections may appear on the glabella, poster

olateral margins of the cephalon and pygidium, the thoracic segments, 

and the pygidial axis. These spines are invariably posteriorly di-
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Figure 9. 

BEAK 

'6 
a 

c 

Streamlining in Pecten and agnostids. a) simplified 
profile of Pecten b) profile of the agnostid 
Trinodus elspethi (after Jaekel, 1909) 
c) simplified outline of Pleuroctenium, a spinose 
agnostid (after Barrande, 1952). 
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rected. A spinose agnostid (Fig. 9c), when enrolled, would have 

spines extending in several directions, including the direction op

posing 11 0pen-end 11 movement. All such spines would complement body 

streamlining if the animal moved forward unenrolled. 4) Jell (1975) 

rejected an enrolled mode of life (i.e., living in a constant en

rolled state) for eodiscids, on the grounds that complete, sealed en

rollment (for which eodiscids seem to be adapted) would not provide 

for incoming and outgoing water flow. Agnostids were likewise adapt

ed for 11 Sealed 11 enrollment (see Robison's (1964a) description of vin

cular furrows), so the same objection applies. A small opening be

tween the cephalon and the first thoracic segment is present in an en

rolled agnostid; but, given basic trilobite anatomy, this area would 

have overlain the digestive tract (as a similar opening does in 

Limulus), and modification for water flow in and out seems unlikely. 

For these reasons, I prefer to assume that agnostids moved for

ward unenrolled rather than living enrolled or swimming by 11 Valve

clapping11. This seems appropriate for both spinose and non-spinose 

agnostids. 

One might question whether a trilobite with as few as six or 

seven limb pairs could accomplish normal locomotion. Many branch

iurans, however, propel themselves with four pair of simple, gener

alized limbs (Hessler, 1969), so such locomotion is certainly poss

ible. 

HYPOSTOMAL MORPHOLOGY 

What can be inferred from the peculiar morphology of the agnostid 
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hypostoma? Its unusual features are the raised, subtriangular boss 

and the two subtriangular open fenestrules. I contend that these 

features could be useful in creating and exploiting turbulence for 

feeding. This contention is supported by principles of fluid dynam

ics and by examples of similar strategies in other invertebrates. 

Fluid Dynamics: the creation of turbulence 

A few useful concepts from fluid dynamics which apply to the 

creation of turbulence are briefly summarized here. For more thor

ough and/or quantitative treatment, the interested reader is re

ferred to Tokaty (1971), Rouse (1938), and Vernard (1940). 

When a fluid passes over a solid object, the velocity at the 

boundary between the fluid and the object is zero. Between the 

boundary and the stream of freely moving fluid, there is a boundary 

layer over which a velocity gradient is developed. When this gradi

ent is sufficiently gentle, energy is transferred between layers in 

an orderly manner, and flow remains laminar. When, however, the 

gradient becomes too steep, energy must be transferred very rapidly, 

and turbulent eddies develop. This point at which such transition be

tween laminar and turbulent flow occurs is called the separation 

point. The location of this point on an object depends upon several 

factors--namely, the velocity of flow, shape of the object, viscosity 

of fluid, and roughness of the boundary. However, when the object is 

sharp-cornered or nearly sharp-cornered (such as a disk perpendicular 

to flow, or at rear corners of an object which is triangular in cross

section), separation always occurs at the corners, where moving flu-
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id suddenly encounters stalled fluid. As eddies formed at the sep

aration point decay and new eddies form, the zone of turbulence be

comes broader downstream (Rouse, 1938; Tokaty, 1971). Photographs of 

this process reveal eddies oriented as shown in figure 10. 

An Invertebrate Example: exploitation of turbulence 

An example useful for understanding exploitation of turbulence 

comes from crinoid studies. Welch (1978) conducted flume studies to 

determine feeding position in fossil crinoids. He found that, when 

oriented with the broad bottom of the calyx upcurrent and the feeding 

arms downcurrent, turbulence was created on the downcurrent side of 

the animal. The result was the "cornered object" turbulence phe

nomenon (Fig. 11). Turbulent eddies kept particles in suspension 

longer, thus allowing the arms more time to collect the particles, 

and thereby making more efficient use of currents. Some inverte

brates then, use turbulence to keep food particles in suspension 

longer while feeding. How might this apply to agnostids? 

The application to hypostomal morphology is simple. The apical 

boss is a cornered object. The anterior-posterior flow generated by 

forward movement of the animal would pass over and around the boss. 

At the two posterior apices of the boss, moving fluid would encounter 

stalled fluid and separation would occur (Fig. 12). Recall that 

turbulence created at separation points results in a broadening zone 

of turbulence downstream of the separation point. On the agnostid 

hypostoma, open fenestrules lie downstream of the separation points 

on the apical boss. Their triangular shape coincides with the wi-
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Figure 10. Creation of turbulence by flow passing a cornered 
boundary. a) from a photograph by Rouse, 1938 
b) from a photograph by Tokaty, 1971 
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turbulent eddies 

flow 

Figure 11. Exploitation of turbulence by a crinoid. 
(after Welch,l978). 
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Figure 12. 

l) 
flow 

separation points 

zones of 

turbulence 

eddies 

Creation and exploitation of turbulence in 
agnostids. a) zones of turbulence behind apical 
boss. b) eddy formation in zone of turbulence, 
extending over fenesture region. 
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dening zone of turbulence (Fig. 12). Recall, also, that the mouth 

in trilobites was above the posterior part of the hypostoma. It is 

reasonable to suppose, then, that turbulence created by flow over 

the boss was used for feeding. Of course, a mechanism for particle 

capture is still necessary; for this we turn to features in the next 

category. 

LIMB REDUCTION AND ITS CONSEQUENCES 

I have previously mentioned evidence for limb reduction in ag

nostids. What are the likely consequences of such reduction? How 

might these consequences have related to agnostid function? Two ex

pected trends associated with limb reduction are limb specialization 

and increased reliance on labral secretions. 

Limb Specialization 

Williston•s Rule is a long-standing generalization about limb 

reduction in arthropods which states that reduction in number of 

serial limb pairs is coupled with increasing specialization of func

tion in remaining limb pairs (Waterman, 1961). The phenomenon was 

an underlying premise in Flessa, et.al. •s (1975) study of limb tag

mosis in arthropods. In the branchiuran Daphnia, reduction of limb 

pairs has resulted in two anterior appendages being modified for 

filtering and four remaining pair of generalized limbs being used 

for locomotion (Cannon, 1933). In fact, modification of anterior 

limbs for filtering is extremely common in crustaceans (Jorgensen, 

1966; Marshall and Orr, 1960). Williston•s Rule is so universal that 
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we can virtually assume that such specialization accompanied limb 

reduction in agnostids. Modification for filtering is a strong 

possibility. 

Reliance on Labral Secretions 

Another consequence of limb reduction that may apply to agnos

tids is increased use of the labrum, especially labral secretions. 

Several examples come from recent crustaceans. In Daphnia, besides 

limb specialization, there is increased dependence on labral secre

tions. Glands beneath the labrum and surrounding the mouth secrete 

sticky fluid which retains food particles; particles caught by fil

tering limbs are transferred to the fluid, and the whole mass is 

drawn into the mouth and ingested (Cannon, 1933). Similar feeding 

activity is observed in the fairy shrimp Chirocephalus. In this case, 

a feeding current is partially generated by movement of the labrum, 

accompanied by secretions for trapping food (Cannon, 1928). In other 

cases, particles are caught in setae along the gnathobases of the 

limbs or margins of the labrum. Alternatively, these setae may be 

used to comb particles off of filtering limbs (Cannon, 1933). For 

recent filter-feeding crustaceans, then, limb reduction may be 

accompanied by a combination of dependence upon labral secretion, 

modified filtering limbs, and combing setae. 

In polymerid trilobite studies, such adaptations have occasion

ally been suggested. Cisne (1975) demonstrated limb specialization 

in Triarthus eatoni. Whittington (1977) proposed extreme limb mod

ification in Naraoia compacta, a possible trilobite or trilobitoid 
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with no thoracic appendages. Several authors have referred to use 

of setae in trilobite feeding (Bergstrom, 1972; Harrington, 1959). 

Eldridge (1971) argued for reliance on labral secretions by Greenops 

boothi--an argument based partly on anterior reduction of appendages. 

Agnostids are known to have had reduced limb numbers and to have 

had a highly modified labrum-hypostoma. Given the above precedents 

in trilobites and crustaceans, it is reasonable to conclude that ag

nostids used filtering limbs or setae (or both) to catch food par

ticles and that they used labral secretions to help ingest them. 

Recall that muscle scar patterns indicate that a pair of appendages 

may have been close to the posterior rim of the hypostoma. If limbs 

attached there, they would be ideally suited to modification for 

filtering or food transfer. Note, also, that this interpretation 

meshes well with the previous interpretation of turbulence exploi

tation. The zones of turbulence would pass over open fenestrules, 

where secretions could be extruded and withdrawn, and eventually en

counter either filtering limbs or setae along with the raised poster

ior rim. Thus limb reduction, along with hypostomal modification in 

agnostids, may reflect a whole complex or elegant adaptations for 

filter-feeding. 

ADAPTATIONS TO ENROLLMENT 

Other authors have noted features of agnostid morphology that 

seem to have been adaptations to enrollment (Robison, l964a, Hunt, 

1967). These features include an isopygous condition throughout the 

life cycle, 11 interlocking 11 ridges and furrows on cephalon and py-
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gidium, and truncation of the lateral ends of the thoracic segments 

to avoid interference with enrollment. It is clear that enrollment 

was important enough to agnostids to be consistently selected for; 

but I earlier rejected an enrolled mode of life because there was 

no compeling evidence for it and some evidence against it. What, 

then, was the adaptive significance of these features? 

Enrollment in various arthropods is almost always regarded as a 

defensive strategy. It is the defensive purpose, and not the exact 

type of enrollment, that is the basis of the comparison between en

rollment of trilobites and that of isopods (Bergstrom, 1972). Be

sides merely providing a protective enclosure (as in isopods), en

rollment can be part of adaptation for escape behavior. Fischer 

(1975) demonstrated that the extinct xiphosuran Euproops danae used 

enrollment and posteriorly-projecting cephalic spines to drop rapid

ly through the water column, probably for escape from predators. 

Modern decapods of the families Atasidea (lobsters and prawns) and 

Craridea (prawn-like forms) are known to flex their carapace rapid

ly, resulting in displacement of water and rapid thorax-first move

ment for escape; thoracic segments have been modified to permit such 

flexing (Waterman, 1961; Glaessner, 1969). An enrolled agnostid has 

an overall profile similar to a flexed lobster or enrolled xiphosur

an (Fig. 13). I suggest that enrollment in agnostids was a defensive 

adaptation, resulting in protection or lobster-like rapid escape 

(or both). Clearly, a protective or escape response can have ex

treme adaptive value, and could be solidly and rapidly acquired by 

intense selective pressure. This hypothesis seems to be a more 
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Figure 13. Comparison of "enrolled" arthropods. 
a} a non~spinose agnostid (after Jaekel,l909) 
b) a spinose agnostid (schematic composite) 
c) a flexed lobster (after Waterman, 1961) 
d) an enrolled xiphosuran (after Fischer, 1977). 
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parsimonious explanation for enrollment than 11 Valve-clapping 11
• 

FUNCTIONAL SUMMARY 

Agnostids were probably pelagic small-particle filter-feeders. 

They moved forward by motion of locomotory appendages; this motion 

resulted in an anterior to posterior current which was exploited 

for feeding. Flow separation occurred as water passed the corners of 

the apical boss on the hypostoma. The resulting zones of turbulence 

passed over open fenestrules, where food particles were either caught 

directly in labral secretion, or caught in filtering appendages 

and/or setae and transferred by a 11 COmbing 11 action to the secretions 

in the fenestrules. Labral secretions were withdrawn through the 

fenestrules to the mouth, where food was ingested. Agnostids en

rolled for protection or escape. 

A few disclaimers and predictions follow from this model. The 

first disclaimer is necessary because there are so few species whose 

hypostomas are known. Perhaps all agnostid species did not have fen

estrate hypostomas, and the described feeding functions may apply 

only to some, not all, agnostids. The second disclaimer is related 

to assumptions I adopted at the beginning of this section. Although 

I regarded the 11 enrolled mode of life 11 hypothesis as unlikely, it 

cannot be proven to be impossible. Therefore, it should be noted 

that many of the functional interpretations could still apply, even 

if I am incorrect about forward locomotion. 

Predictions resulting from the above model are interesting. If 

agnostid limbs are ever found preserved and are described, this pic-
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ture would predict that we would see considerable modification in 

some of them (especially the most anterior pairs). Also, if Robison 

(1975) is correct in asserting that size displacement indicates par

titioning of feeding habits--different sized species feeding on dif

ferent size ranges of particles--then the above picture of agnostid 

function would predict inter-specific variability in the size and 

location of features of the hypostoma. These differences might 

correspond to differing velocities of feeding currents resulting 

from differences in locomotive speed and differences in drag on 

carapaces of various size. 
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GROWTH 

PURPOSE 

A recurrent problem in paleontology is the expression of shape 

change during the growth of an organism. The two traditional tech

niques used to study shape change are: 1) descriptions of apparent 

morphologic changes during ontogeny, and 2) use of transformation 

grids. The methods have been applied to agnostids (Robison, 1972b) 

as well as other trilobites (Palmer, 1955; Whittington, 1957). Both 

of these techniques can convey interesting or useful information. 

Their primary drawback, however, is their inability to express dif

ferences in growth between different taxa; for this comparison, we 

need a quantitative measure of shape change during ontogeny. Cur

iously, paleontologists have not applied quantification schemes to 

the first technique, which would involve computing allometric growth 

coefficients for each growth stage, and demonstrating significant 

differences between them. Sneath (1967) attempted quantification of 

the second technique by applying trend analysis to transformation 

grids. His approach is well suited to organisms having a major fea

ture described by a curve (e.g., sutures of ammonoids), but is not 

suited to organisms best described by features which are not a part 

of a continuous curve (e.g., trilobites). Also, it does not allow 

for comparison of corresponding points between two different organ-
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isms (Huffman et al., 1978). 

What is needed, then, is a method of shape quantification which 

allows comparisons between taxa, and is suitable for trilobites. 

Huffman et al., (1978) described a technique and computer program for 

shape quantification wAich is suitable for use with map or fossil 

data. The program takes sets of corresponding points from two ob

jects, determines the 11 best fit 11 between the sets which minimizes the 

distance between corresponding points, and computes vector differ

ences between corresponding points after the best fit is achieved. 

This section describes an experimental application of this technique 

to a growth series of agnostid trilobites and representative trilo

bites from other groups. Quantitative comparisons are made between 

growth stages within each species so that these growth amounts can 

then be compared between taxa. 

DATA 

Recording Data 

Data for the growth series of Peronopsis interstricta were taken 

from photographs of individuals from my WA collection. A grid 

printed on acetate was placed over the photographs, and X and Y co

ordinates for each point recorded. (Note: a digitizer would be 

more efficient for larger data sets.) The same procedure was fol

lowed using illustrations from various authors (listed below) de

scribing growth stages in other trilobites. 

Because relatively few trilobite growth series have been de

scribed, it was not possible to use large samples of species from 
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different groups. Instead, representative species were chosen as 

follows: 

Agnostids: 1. 

2. 

Eodi sci ds: 

Olenell ids: 

Ptychopa ri ids: 

Corynexochidids: 

Choice of Points 

Peronopsis interstricta (from WA collection.) 

Pleuroctenium granulatem (stages from 
Whittington, 1957.) 

Pagetia prolata (stages from Jell, 1975.) 

Olenellus gilberti (stages from Palmer, 1957) 

Crassifimbra walcotti (stages from Palmer, 
1958.) 

Bathyuriscuc fimbriatus (stages from Robison, 
1967.) 

So that results could be compared between groups, and because 

there are no agnostid protaspids, the investigation was limited to 

growth during the meraspid and holaspid periods. Data for each 

species were recorded for early meraspid stages, late meraspid 

stages, and holaspid stages. 

Choice of Points 

To ensure that results between groups were comparable, the 

following conditions for points had to be met. 1) Points had to be 

comparable or analogous--that is, be present in all species. For 

example, all the species have a point that can be described as 11 the 

junction of the axial and first glabellar furrows 11
• All do not have 

a point described as 11anterior apex of basal lobe 11
• Because the dor-

sal surface of the agnostids has relatively few features, the number 

of coinciding points between groups is small. 2) Points had to be 
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selected whose locations were not affected by the addition of thor

acic segments. Therefore, points were confined to the cephalon. 

3) Ideally, points should have some potential functional or anatom

ical significance (furrow junctions are frequently limb attachment 

sites) or systematic importance (distance of glabella from anterior 

margin differentiates many groups). 

To meet these requirements, the following points were selected. 

Examples of locations of these points on the trilobite cephalon are 

shown in figure 14. 

Point 1: most anterior point of cephalon, measured along axis of the 

trilobite. 

Point 2: most anterior point of glabella, measured along axis of 

trilobite. 

Point 3: junction between axial furrow and first (most anterior) 

glabellar furrow. 

Point 4: point of maximum curvature between the posterior of the 

cephalon and the posterolateral cephalic spine (called the 

genal spine in non-agnostids). This is visually equivalent 

to the 11 armpit 11 under the genal spine. This point was cho

sen because it denotes the location of the spine without 

being subject to preservational bias. (For example, using 

the point of the posterior tip of the spine could be in

accurate if the spine had been partially broken, or dis

solved.) 

44 



a 

b 

~ ...... """'11:::~---1 

----~~-- 2 

t---.......,.-...... -+-- 3 
..___..__ 4 

--~--~----- 1 
~-~---2 

,__.,.__:M--- 3 

Figure 14. Location of points for growth study. 
a) a holaspid of Crassafrimbra walcotti 
(after Palmer, 1958) b) a late merasptd of 
Pagetia (after Jell, 1975). 
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METHODS 

The shape-quantification program by Huffman et al. (1978) was 

modified for use on a Cyber 174 computer (the NOS system at Cal

ifornia State University, Northridge) and the data were stored on 

computer files. 

The program accepts, as input, coordinates of the various points 

on two comparable objects of any size, in any orientation, measured 

at any distance from the origin. These comprise two sets of point 

coordinates: the "fixed coordinates" from the points on the first 

object, and the "measured coordinates" of the points on the second 

object. The program then calculates a new set of coordinates called 

the "adjusted coordinates". These represent the best fit of the mea

sured coordinates to the fixed coordinates, after adjustment has 

been made for scale and orientation, so that the best fit represents 

minimized distances between points. Appendix A outlines the steps 

in the mathematical solution of this best fit. For the growth series 

of each species investigated, the points from the early meraspid 

stage were the "fixed points'-'. Thus the two comparisons for each 

species in each table of appendix B represent change from early mer

apid to late meraspid, and cumulative change from early meraspid to 

holaspid. Each set of results lists fixed, measured, and adjusted 

coordinates for each point; the X- and Y- components of the vector 

between fixed points and adjusted points ("residuals" in the tables; 

positive or negative indicates direction) and the magnitude of the 

vector between fixed and adjusted ("vector"). 
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Statistics are also calculated to express the overall differ

ences between sets of points (formulas are in appendix A). The pro

gram calculates average X- and Y- components of vectors, standard 

errors of the X- and Y- components (square root of the sum of 

squares of components divided by the number of points) and the 

11 Standard error of position 11
, a combination of the X andY standard 

errors. This last statistic is the best indicator of overall change. 

To simplify the tables, I have output only this statistic. The 

11 Vector 11 magnitudes can be used to show at what point the most rel

ative change occurred in each species during each period. 

RESULTS 

Results of this experimental application, summarized in Table 

1, are interesting. In a few cases, they are counter-intuitive. 

For example, because both agnostids and eodiscids remain isopygous 

throughout the life cycle, have reduced thoracic segments, and are 

alleged to have been very closely related and to have shared the 

pelagic mode of life, we could expect them to have similar ontogen

etic 11 Styles 11
• But the results indicate that, whereas agnostids 

were conservative in overall change (less than 0.5; Table 1) 

throughout the life cycle, eodiscids underwent noticably large 

changes, comparable to those of the polymerids, between early mera

spid and holaspid periods. If we try to regard slow change during 

the meraspid stage only as a shared agnostid-eodiscid trait, we find 

that, for example, corynexochidids fit the pattern as well. It is 

also interesting to note that, in five of the six cases, the 
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Taxon 
Re12resented 

Agnostid 1. 

Agnostid 2. 

Eodiscid 

Corynexochi did 

Olenellid 

Ptychopa ri i d 

Tab 1 e 1 

SUMMARY OF RESULTS 
OF GROWTH COMPARISONS 

Overall 

early meraspid 
to late meras12id 

0.37 

0.28 

0.47 

0.26 

1. 91 

1.54 

Change* 

early meraspid 
to hols12id 

0.55 

0.63 

2.02 

1. 54 

2.41 

3.04 

* as measured by standard error 
of position; appendix A and B 
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largest adjustment in both periods occurs at point 3, the junction 

of the axial and glabellar furrows. Is there a functional signifi

cance to this coincidence? Point 3, as discussed in the previous 

section, was frequently an appendage attachment site; in agnostids, 

it was probably a hypostomal wing attachment site. Both such sites 

would require substantial modification with increasing body length 

of the trilobite. Alternatively, since it coincides with a stomach 

constriction in some trilobites, it could be related to volumetric 

increase of the anterior lobe of the stomach. 
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EVOLUTION 

Some aspects of trilobite morphology, function, and growth are 

especially distinct in agnostids. Because paleontology is an evo

lutionary science, it may also be interesting to determine whether 

agnostids displayed any uniqueness in their evolutionary patterns, 

and whether current models for the phylogenetic relationships of 

agnostids are in accord with 11 State-of-the-art 11 knowledge of agnos

tids and other early arthropods. In this section, therefore, I 

first examine agnostid evolution from the standpoint of evolutionary 

rates: were agnostid evolutionary rates significantly faster or slow

er than those of other Cambro-Ordovician trilobites? If so, what 

significance may we attach to this effect? In the second half of 

this section, I critique the existing model of agnostid origins, 

in light of recent morphologic and ontogenetic information (this pa

per and other workers) and recent information on Cambrian arthropods. 

EVOLUTIONARY RATES 

Most discussions of evolutionary rate have employed strictly 

qualitative terminology, chiefly that proposed by Simpson (1953). 

Thus, groups were either bradytelic, horotelic, or tachytelic, de

pending upon whether their evolutionary rates were slow, moderate, 

or fast. These terms are of limited use, however, because they do 

not establish whether a given fast or slow rate is statistically 
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significant. As Raup and Marshall (1980) ask, 11 Are bradytely and 

tachytely real phenomena, resulting from genetic or environmental 

differences between biological groups, or do the terms just describe 

the inevitable tails of a large frequency distribution? ... does each 

groups have its own •evolutionary metabolism•? 11 Raup and Marshall 

(1980) proposed a technique for evaluating the significance of high 

or low evolutionary rates, which they applied to Cenozoic mammalian 

genera. Their technique is applied here to trilobite genera to 

determine whether agnostids as a group differed significantly in 

genetic origination and extinction rates as compared to other Cambro

Ordovician trilobites. 

Data 

Stratigraphic ranges for trilobite genera were taken from 

Harrington (1959). Although the information is dated, it represents 

a 11 point in time 11 compilation of data and is internally consistent. 

Table 2 contains numbers of genera in each suborder present, origi

nating, or becoming extinct in each of the six stratigraphic inter

vals (Lower, Middle, Upper Cambrian; Lower, Middle, Upper Ordovician). 

Analysis 

A chi-square test was used to evaluate, for each suborder in each 

stratigraphic interval, whether the rate of origination (i.e., the 

percentage of genera present in each interval that originated in that 

interval) was significantly different from that of trilobites as a 

whole. For each individual case of one suborder in one interval, the 

null hypothesis states that no significant difference exists between 
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Table 2 

DATA ON lRIL.OIHlT GfNFRA EXISllNG, Olllf.INAfiNG, ANB BECOMING EXTINCT 
iN THE CAMBRO-OilOOVICIAN 

P " number of gener.-1 in eiJ1ch taxon pr·e~ent in interval; 0= number of genera In 

each taKon originating in interval; E = number of genera becoming extinct 

TAXON Sl RAT IGI~APUIC IN1TI\VAL 
ORDER: Subtwder Lc•wer •1iddle Upper Lower Middle Upper 

Cambrian Camhdan Cambrian Ordovician Ordov 1 c:i an Ordovician 
p 0 E p 0 E p 0 E. p 0 E p 0 E p 0 

AGNOSTIDA: Agnostina 3 3 3 33 26 29 22 IB 18 15 10 12 4 0 2 2 0 
Eodi scina to to 9 4 4 4 0 0 0 0 0 0 0 0 0 0 0 

REOLICIHOA: Olenell ina 59 59 59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Redl ichina 22 22 19 17 10 17 0 0 0 0 0 0 0 0 0 0 0 

CORYNEXOCHIDA * 18 18 14 61 57 57 6 2 6 0 0 0 0 0 0 0 0 

PTYCIIOPARIIDI\: 22 22 19 156 90 130 236 231 227 69 46 67 12 9 9 4 1 
Ptychopariina 0 () 0 0 0 0 11 ll 9 90 88 72 38 16 29 17 4 
1\saphina 0 0 0 0 0 0 5 15 5 27 27 15 40 27 17 30 7 
lllaenina 0 () 0 0 0 0 2 2 2 5 5 4 5 4 4 2 I 
llarpina 0 0 0 0 0 0 0 0 
Trinucleina 

0 15 15 11 36 32 29 9 2 

PHACOPIOA: 
Cheirurina 0 0 0 0 0 0 0 0 0 29 29 24 39 311 19 28 8 
Calymenina 0 0 0 0 0 0 0 0 0 6 6 3 14 11 7 11 4 
Phacopina 0 () 0 0 () 0 (I 0 0 9 9 0 22 13 6 21 6 

LICIIIOA * 0 0 0 0 0 0 0 0 0 4 4 1 9 6 4 9 4 

OllONTOPLE.UHIOA * () 0 0 1 1 0 3 2 3 1 1 0 8 7 2 8 2 
* Denotes Order having only one suborder in Cambro-O•·dovician; Data from lreatlse on Invert. Paleontology 

[ 

:? 
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0 
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0 

4 
17 
15 
2 
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20 
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the rate for that suborder in that interval and the rates for other 

trilobite suborders during that interval. A sufficiently high chi 

square value enables one to reject the null hypothesis and thus de

monstrate that the rate for that suborder is significantly high or 

low. For each case, chi square= (pG-0)2/pG(l-p), where G= number 

of genera in the suborder present during the interval; 0= number of 

genera in the suborder originating in the interval and p= unweighted 

mean extinction rate for all trilobite suborders during the interval. 

Calculation of p is described in greater detail by Raup and Marshall 

(1980, p. 13). Chi square for this equation is evaluated with one 

degree of freedom. The process was repeated identically for extinc

tion rates. The equation becomes chi square= (pG-E)2/pG(l-p), where 

E= number of genera in the suborder becoming extinct during the in

terval. The results, summarized in Table 3, show trilobite suborders 

in the Cambro-Ordovician which had high or low origination or ex

tinction rates significant at the 99% confidence level. Agnostids 

appear in the table twice, having exhibited significantly low orig

ination rates in the Late Cambrian and Early Ordovician. 

Interpretation 

Why should agnostids have had significantly low evolutionary 

rates? The debate over correlation between evolutionary rates and 

other factors--environmental stress, genic heterozygosity, stenotopy, 

population size--is too complex and lengthy to review here. In sep

arate reviews of these possible correlations, Kauffman (1978) and 

Boucot (1975) strongly supported an inverse correlation between the 
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Table 3 

SIGNIFICANTLY IIIGII OR LOW EVOLUTIONARY R/\fES IN CAMilHO-OROOVICIAN TRILOBilES 

TAXON 

Agnostida: 
Agn. 
Eod. 

Red lichida: 
Olen. 
Redl. 

Corynexochida 

Pt.ychopari ida: 
Pty. 
A sa. 
Ill. 
liar. 
Tr i. 

Phacopida: 
Che. 
Cal. 
Ph a 

Lichida 

Odontopleurida 

ORIGINAfiON 
LC MC UC LO MO 

low low 

low 
low low 

EXTINCTION 
uo LC MC UC LO MO uo 

high 

low high 

low low 

high 

low 

(J'1 
..j:>o 



rate of evolution and the size of the interbreeding population. 

Boucot (1975), supporting the premise in a book-length documentation 

of Ordovician-Silurian brachiopod evolution, hinted briefly at the 

relevance of the correlation to Cambrian agnostids. Even more re

levant to the topic of agnostid evolutionary rates are the studies 

of Hansen (1978, 1980) on evolutionary rates in Tertiary volutid gas

tropods. He found that volutid species with planktic larva speciated 

less frequently that non-planktics because of freer gene flow within 

geographically broad populations. The concept of gene flow in plank

tonic populations resulting in lower evolutionary rates and longer 

stratigraphic ranges for species was also supported by Jackson (1974) 

and Scheltema (1971). Hansen (1978, 1980) concluded that lower or

igination rates in planktic volutids contributed to the replacement 

of planktic by nonplanktic volutids by the end of the Tertiary. The 

relationship between planktonic existence (and resulting gene flow 

patterns) and speciation is difficult to demonstrate, and is still 

controversial. Therefore, the following interpretation of agnostid 

evolutionary rates, based on this premise, should be regarded as ten

tative. 

Agnostids are widely regarded as pelagic animals, with many gen

era and species being cosmopolitan (Robison, 1972b). The appreci

able gene flow within such widespread interbreeding populations would 

inhibit speciation, resulting in low origination rates and longer 

stratigraphic ranges for individual species. This conclusion does 

not, of course, imply that all families with lower evolutionary rates 

during the Cambro-Ordovician were planktic, nor that agnostids 
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evolved slowly only for this reason. As mentioned above, many fac

tors have been associated with lower or higher rates. I have sug

gested one which seems likely to have been significant for agnostids. 

It is interesting that tests for exceptional rates revealed no sig

nificantly high extinction rates for agnostids, but merely low orig

ination rates. This suggests, though it does not prove, that, rather 

than being "done in" by some significant environmental factor or fa

tal flaw of their own, the agnostids simply "fell behind" in the 

speciation stakes--and this could be a contributing factor to the 

decline and extinction of agnostids. 

THEORIES OF AGNOSTID PHYLOGENY 

A close relationship between agnostids and eodiscids has fre

quently been assumed, but seldom, if ever, carefully scrutinized. 

This has been true whether the particular worker(s) have attempted 

phylogenetic reconstructions (Whittington, 1979; Hahn and Hahn, 1975; 

Jell, 1975} or have taken a cladistic approach·(Eldridge, 1977, 197~. 

It is frequently stated that agnostids were phylogenetically derived, 

via a few simple modifications, from eodiscids in the latest Early 

Cambrian (Whittington, 1979; Eldridge, 1977}. In the only attempt 

to reconstruct such a derivation, however, Jell (1975} regarded much 

of the evidence as equivocal. (For example, he favored deriving the 

Ptychagnostid agnostids from the Neocobboldia eodiscid lineage, but 

admitted that their derivation from Quadragnostid agnostids was 

equally probable.) The recent, and more sophisticated, "cladistics" 

approach offers considerably more promise for unravelling problems 
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of agnostid relationships. Trilobite cladograms, however, have been 

constructed so as to uncritically accept the previously assumed ag

nostid-eodiscid connection (Eldridge, 1977; Hahn and Hahn, 1975 as 

interpreted by Eldridge, 1977). However, cladists have neglected to 

use cladistic techniques to test this assumption. 

In the remainder of this section, I use some of the techniques of 

cladistics to reevaluate agnostid relationships. I have not chosen 

this approach because of its "innate" superiority, but because the 

nature of the data (many diverse trilobite groups appearing nearly 

simultaneously in the Cambrian) does not formally permit phylogenetic 

trees or scenarios (sensu Eldridge, 1979) or stratophenetic analysis 

(sensu Gingridge, 1979). 

The conventional viewpoint holds that agnostids and eodiscids 

are more closely related to one another than either group is to any 

other trilobite group. This conclusion has been based, logically 

enough, on characteristics shared by eodiscids and agnostids. There 

are, however, reasons other than close phylogenetic relationship for 

such similarities. To summarize directly from Eldridge (1979): 

"In any instance, when comparing any two taxa, we may be 
dealing with (1) shared evolutionary novelties inherited 
from an immediate common ancestor and thus not to be found 
in any other taxon, (2) resemblances inherited from some 
more remote common ancestor such that one or more other taxa 
descended from the same ancestor may retain the same sim
ilarity, or (3) similarities due to parallelism and con
vergence. Only the first kind of similarity is valid evi
dence of close affinity between the two taxa." 

The task at hand, then, is to examine the similarities upon which 

the agnostid-eodiscid relationship has been based. If they are "type 

1" similarities, the special relationship is confirmed; but if they 

57 



are type 2 or type 3 similarities, it is rejected. 

Evaluating the Agnostid-Eodiscid Relationship 

Traditionally used agnostid-eodiscid traits are limited to the 

dorsal exoskeleton--an inevitable situation, since the ventral mor

phology (Robison l972a, Jell 1975, this paper) has only been recently 

discussed, and soft-part anatomy is unknown. The shared dorsal 

traits are the absence or near-absence of lateral eyes (some eodis

cids and all agnostids lack eyes), reduction or absence of facial 

sutures (some eodiscids and all agnostids lack facial sutures), the 

isopygous condition, and the extreme reduction in number of thor-

acic segments. Determining the "type" to which each of these simi

larities belongs is obviously difficult. Some progress can be made 

by classifying similarities into "kinds" of similarities which com

monly appear as parallel or convergent features in many animal groups. 

Hecht and Edwards (1976), for example, divided kinds of similarities 

into five categories based on their different "reliability" for in

dicating relationships rather than convergence or parallelism. (For 

example, a "loss" characteristic, like eye loss; is notoriously sub

just to parallelism, but an integrated functional complex is not.) 

Additionally, the reliability of a particular kind of similarity may 

be evaluated for the specific taxonomic group in question. Thus eye 

reduction or loss, since it apparently occurred independently and 

secondarily in several trilobite lineages (Clarkson, 1967), is a 

likely candidate for convergence, and an unlikely indicator of close 

relationship between major trilobite groups. 
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It is immediately evident that the first two eodiscid-agnostid 

similarities, eye loss/reduction and facial suture loss/reduction, are 

11 10SS 11 characteristics, and thus are inadequate grounds for a special 

evolutionary relationship. What of the other two features, isopyg

osity and thoracic segment reduction? First, recall that, to qualify 

as a type 1 similarity, shared features must be unique to the pair of 

taxa being compared, and not found among other taxa. Isopygosity 

appeared among many trilobite families (Harrington, 1959), and so is 

a suspect trait. Another danger is seizing upon similarities that 

could have resulted from separate events of neotony (Eldridge, 1979; 

Hecht and Edwards, 1976). Both isopygosity and loss of thoracic seg

ments are of this type, since juvenile stages of all trilobites have 

few thoracic segments, and many have 11 temporary 11 isopygosity (Whitt

ington, 1957; Robison, 1967). 

It is evident that eodiscid-agnostid similarities, when viewed in 

a cladistic framework, are inadequate evidence that the two groups are 

most closely related to each other. Still, there are similarities. 

It is tempting, if tenuous, to offer adaptive sequences for such sim

ilarities. I suggest a sequence something like the following. Iso

pygosity and thoracic segment reduction are adaptations to agnostid

style enrollment (Robison, l964a), and possibly a pelagic mode of life 

(Robison, l972b). (These are, in fact, the reasons why those features 

appear in many polymerid juveniles; Robison,l967.) If eodiscids, 

likewise, were pelagic animals for whom enrollment had adaptive value, 

isopygosity and segment reduction may have appeared in eodiscids as 
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adaptive responses to similar environmental conditions. The simil

arities would be a classic example of convergence. As for 11 10SS 11 

characteristics, mutations effecting the eyes are among the most com

mon mutations in arthropods (Clarkson, 1967), so relaxed selection or 

genetic drift could easily account for their occurrence in both 

groups. Seen in this light, agnostids and eodiscids share some char

acteristics, representing similar adaptive modification, while they 

have differences representing different adaptive modifications. The 

previously-discussed differences in hypostomal shape and position are 

probably of the latter type. (At the very least, posterior displace

ment of the hypostoma requires some indefinite period of agnostid 

evolution independent of eodiscids.) Spinosity, a classic pelagic 

adaptation (Bergstrom, 1972), is expressed differently in the two 

groups: axially in eodiscids, antero-laterally in agnostids. Anal

ternate, perhaps simpler, sequence is this: thoracic segment reduction 

occurred in both groups by two independent neoteny events. Other par

allel similarities (e.g., isopygosity, furro\'/S for tight enrollment) 

evolved as responses to the mechanical requirements on enrollment im

posed by thoracic segment reduction. 

Do agnostids share derived, unique characteristics with any other 

trilobite groups? Tentative results from the Growth section of this 

paper suggest that agnostids and corynexichidids are alike in onto

genetic 11 Style 11 during the meraspid stage, and eodiscids bear resem

blences in ontogenetic style to polymerids. Allometric growth resem

blences are ranked in category III (moderate reliability) in Hecht and 

Edwards' (1976) hierarchy of similarity kinds, so the subject merits 
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further study. At this point, however, these growth results are too 

incomplete to support any substantial conclusions. Of course, a 

search for shared, derived characteristics should continue. 

In terms of a cladogram, I have rejected the agnostid-eodiscid 

rela~ionship of figure 15a because the similarities are not shared, 

derived evolutionary novelties. At this point, we do not have ade

quate evidence to correctly construct a new cladogram. We have only 

a number of possibilities, one of which is shown in figure 15b. In 

phylogenetic terms, such an interpretation could mean that eodiscids 

and agnostids diverged independently from ancestral trilobite or 

arthropod stock. 

Agnostids and other Arthropods 

Eldridge (1977) stated that the validity of Jell's (1975) ag

nostid-eodiscid theory rested upon, 11 the necessary demonstration that 

agnostoids and eodiscoids (Miomera) are in fact related in some man

ner to polymerid trilobites and are not, e.g., simply to be regarded 

as a separate group of Paleozoic arthropods of uncertain affinities. 11 

Although I have regarded the agnostid-eodiscid connection as inade

quately demonstrated, the possible connection between agnostids and 

other arthropods is intriguing--especially in the light of recent dis

coveries about Cambrian arthropods. In the Burgess Shale, where ex

ceptional preservation accurately reflects faunal composition, non

trilobite arthropods outnumber trilobites by more than two to one 

(Whittington, 1979). With such diversity becoming evident, and with 

the exact definition of 11 trilobite 11 in flex (Whittington, 1979; 
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Figure 15. Cladograms of relationships between trilobites 
a} cladogram, slightly modified, from 
Eldridge, 1971 b) one po'ssible cladogram re
flecting trilobite relationships; positions 
of agnostids and eodiscids are revised. 
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Eldridge, 1977), Cambrian arthropods appear to represent a more-or

less continuous spectrum of forms (Manton and Anderson, 1979). Thus, 

the search for similarities between agnostids and other arthropods 

is appropriate to the current state of our knowledge about arthropods. 

Such a relationship, if established, would produce a cladogram like 

the one in figure 16. 

Figure 17 compares genal caeca of several arthropods. The ag

nostid pattern of inflated genal caeca is most like that of the non

trilobite arthropod Burgessia bella, and unlike the radiating cap

illary-like polymerid pattern. Eodiscids likewise have inflated 

caeca, but they emanate from the alimentary canal at a position near 

the posterior of the cephalon. In agnostids and~· bella, the caeca 

emanate from a different, more anterior position, behind the anterior 

lobe of the stomach. B. bella and the agnostids share another char

acteristic not found in eodiscids or polymerids: the anterior bi

furcation of the stomach. These similarities, however, may not qual

ify as 11 type 111 similarities. For example, Whittington (1979) sus

pected that anterior stomach bifurcation in agnostids represented re

tention of a primitive trait. If he is correct, the similarity would 

be a 11 type 211 shared, primitive trait. 

In addition to being a "shopping ground 11 for type 1 similarities, 

newly studies Cambrian arthropods provide further examples of simil

arities susceptible to parallelism or convergence. Naraoia compacta, 

which was either a trilobite or an arthropod of unknown affinities 

(Whittington, 1979), completely lacks thoracic segments and is essen

tially isopygous (Fig. 16e). These traits were previously regarded as 
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~ NON-TRIWBITE --I 
ARTHROPODS 

TRILOBITES 

Figure 16. Cladogram of relations among some arthropods, 
for a hypothetical case where agnostids and 
a non-trilobite arthropod share a derived 
characteristics. 
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Figure 17. 

------
------

e 

Genal prosopon of various arthropods (dorsal 
views.) a) the agnostid Di la nostus (after 
Opik, 1961) b) Burgessia bella after Opfk, 
1961) c) a polymerid trilobite, Olenellus 
(after Opik, 1961) d) an eodiscid (after 
Jell, 1975) e) isopygous condition in 
Naraoia compacta (after Whittington, 1979). 
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exclusively "miomerid" (agnostid-eodiscid). 

The situation may be summarized as follows. No one has ade

quately demonstrated which, if any, trilobite group is the "sister" 

group (i.e., possessing shared derived characteristics) of the ag

nostids. Similarities between agnostids and early arthropods of un

determined affinities indicate that the search for shared derived 

characteristics should be expanded to include the entire spectrum of 

early arthropods. 
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SUMMARY 

The agnostid hypostoma was fenestrate. It hung beneath the sec

ond glabellar lobe, in contrast to the more anterior position typical 

of eodiscids and polymerids. Its position, as described in this pa

per, coincides with the anomalous muscle scar patterns of the agnostid 

cephala described by Palmer (1955). Wings of the hypostoma were con

nected by musculature to the underside of the carapace. 

Agnostids were probably pelagic, oceanic filter-feeders. It is 

unlikely that they had an enrolled mode of life, but enrollment was an 

important defensive adaptation. The unique hypostoma was modified 

with an anterior boss to initiate turbulence. Fenestrules in the 

hypostoma, labral secretions, and, possibly, modified limbs were used 

to remove and ingest suspended particles. 

Changes during ontogeny can be quantified, so that comparisons 

between taxa can be made. Such analysis reveals that change during 

the meraspid period is least in the corynexochidids and agnostids, 

followed closely by eodiscids. Cumulative change to the holaspid 

period is far less in agnostids than in other groups, is moderate in 

corynexochidids, and is as great in eodiscids as in the olenellids and 

ptychopa ri ids. 

Evolutionary rates in agnostids were significantly different than 

those of other Cambro-Ordovician trilobites. Specifically, agnostids 
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exhibit low rates of generic origination during the Late Cambrian and 

Early Ordovician. This effect may be attributable to the fact that 

free gene flow in pelagic populations inhibits speciation. 

Cladistic analysis is helpful in evaluating the relationships 

between agnostids and other taxa. The agnostid-eodiscid similarities 

which have traditionally been regarded as evidence for close evolu

tionary relationship are particularly susceptible to convergence or 

parallelism. Similar adaptive requirements of enrollment and pelagic 

existence may account for these similarities. The search for taxa 

having shared, derived evolutionary novelties in common with agnostids 

should be broadened to include the 11 non-trilobite 11 arthropods. 

68 



REFERENCES CITED 

Balsam, W.L., and Vogel, L., 1973, Water Movement in archaeocyathids: 
evidence and implications of passive flow in models: 
J. Paleont. v.47, p. 979-984 

Barrande, J., 1852, Systeme Silurien ducertre de la Boheme, vol. I: 
935 pp., Praha, Paris 

Beecher, C.E., 1895, The larval stages of trilobites: Am. Geologist, 
v. 16' p. 166-1 97 

Bergstrom, Jan, 1972, Organization, life, and systematics of trilo
bites: Fossils and Strata no.2, p. 1-69 

Boucot, A.J., 1975, Evolution and Extinction Rate Control: 477pp., 
Elsevier, New York 

Bright, R.C., 1959, A paleoecologic and biometric study of the Middle 
Cambrian trilobite Elrathia kingii (Meek): J. Paleont. v.33, 
p. 83-98 

Cannon, H. G., 1928, On the feeding mechanism of the fairy shrimp, 
Chirocephalus diaphanus: Trans. Roy. Soc. Edin. v.55, p. 807-822 

Cannon, H. G., 1933, On the feeding mechanisms of the Branchiopoda: 
Phil. Trans. Roy. Soc. B, v.222, p. 267-352 

Chamberlain, J.A., 1971, Fluid Mechanics of the Ectocochliate cepha
lopod shell: an experimental study: Ph.D. Thesis, Univ. of 
Rochester, 312 pp., Rochester, New York (unpub.) 

Cisne, J.L., 1974, Trilobites and the origin of the arthropods: 
Science, v.186, p. 13-18 

-------------1975, Anatomy of Triarthrus and the relationships of the 
trilobites: Fossils and Stata no. 4, p. 45-64 

Clarkson, E.N.K., 1967, Environmental significance of eye-reduction in 
trilobites and recent arthropods: Marine Geol. v.5, p. 367-375 

------------------1979, Invertebrate Paleontology and Evolution: 
322 pp., Allen and Unwin, London 

69 



Deiss, Charles, 1938, Cambrian Formations and sections in part of the 
Cordilleran Trough: Geol. Soc. Amer. Bull., v.49, p. 1067-1168 

Eldridge, Niles, 1971, Patterns of cephalic musculature in Phacopina 
(Trilobita) and their phylogenetic significance: J. Paleont. 
v.45, p. 52-67 

--------------1977, Trilobites and evolutionary patterns, in 
Hallam, ed., Patterns of Evolution, p. 305-322, Elsevier, 
Amsterdam 

--------------1979, Cladism and common sense, in Cracraft and 
Eldridge, ed., Phylogenetic Analysis and Paleontology, p. 165-
233, Columbia Univ. Press, New York 

Fischer, D.C., 1977, Functional significance of spines in the Penn
sylvanian horseshoe crab Euproops danae: Paleobiology, v.3, 
p. 175-195 

Flessa, K.W., Powers, K., and Cisne, J.L., 1975, Specialization and 
evolutionary longevity in the Arthropoda: Palebiology, v.l, 
p. 71-81 

Gingerich, P.D., 1979, Stratophenetic approach to phylogeny recon
struction in Cracraft and Eldridge, eds., Phylogenetic Analysis 
and Paleontology, p. 41-78, Columbia Univ. Press, New York 

Glaessner, M.F., 1969, Addendum to Decapoda in Moore, ed., Treatise 
of Invertebrate Paleontology, Arthropoda-4, p. 626-627: Univ. 
of Kansas: Lawrence 

Hahn, G., and Hahn, R., 1975, Forschungsbericht uber Trilobitomorpha: 
Palaontol. A., v.49, p. 432-460 

Hanks, Keith, 1962, Geology of the central House Range area, Millard 
County, Utah: Brigham Young Univ. Geol. St., v.9, p. 115-136 

Hansen, T.A., 1978, Larvel dispersal and species longevity in Lower 
Tertiary gastropods: Science, v.199, p. 885-887 

------------1980, Influence of larval dispersal and geographic dis
tribution on species longevity in neogastropods: Paleobiology, 
v.6, p. 193-207 

Harrington, H.J., 1959, Trilobita, in Moore, ed., Treatise of Inver
tebrate Paleontology, Arthropoda 1, p. 38-116: Univ. Kansas 
Press: Lawrence 

Hecht, M.K., and Edwards, J.L., 1976~ The determination of parallel 
or monophyletic relationships: the proteid salamanders--a 
test case: Amer. Nat., v. 110, p. 653-677 

70 



Hessler, R.R., 1969, Branchiura in Moore, ed., Treatise of Inverte
brate Paleontology, Arthropoda 4, p. 203-205: Univ. Kansas: 
Lawrence 

Hinton, D.J., 1979, the mouthparts and digestive tract in the larval 
stages of Homarus americanus: Can J. Zool. v.57, p. 1413-1423 

Howell, B. F., and Resserv, C.W., 1934, Habitats of the agnostian 
trilobites: Proc. Geol. Soc. Amer. 1933, p. 360-361 

Huffman, Tod., Christopher, R.A., and Hazel, J.E., 1978, Orthogonal 
mapping: a computer program for quantifying shape differences: 
Computers and Geosciences, v.4, p. 121-130 

Hunt, A.S., 1967, Growth, variation, and instar development of an ag
nostid trilobite: J. Paleont. v.41, p. 203-208 

Jackson, J.B.C., 1974, Biogeographic consequences of eurytopy and 
stenotopy among marine bivalves and their evolutionary signifi
cance: Amer. Nat. v.l98, p. 541-560 

Jaekel, 0., 1909, Uber die Agnostiden: A. Dtsch. Geol. Ges. v6., p. 
380-401 

Jell, P.A., 1975, Australian Middle Cambrian eodiscoids with a re
view of the superfamily: Paleontograph. A. v.l50, p. 1-97 

Jorgensen, C.B., 1966, Biology of Suspension Feeding: 358 pp., 
Pergamon Press, Oxford 

Kauffman, E.G., 1978, Evolutionary rates and patterns among Cretac
eous Bivalvia: Phil. Trans. Roy. Soc. Lond. B v.284-304 

LaBarbera, Michael, 1977, Brachiopod orientation to water movement 1. 
Theory, laboratory behavior, and field orientation: Paleobiology, 
v.3, p. 270-287 

Lamont, A., 1967, Environmental significance of eye reduction in tri
lobites and recent arthropods: additional remarks: Marine Geol. 
v.5, p. 377-378 

Lachman, Christina, 1940, Fauna of the basal Bonneterre Dolomite 
(upper Cambrian) of southeastern Missouri: J. Paleont. vl4, p. 
1-54 

Manton, S.M. and Anderson, D.T., Polyphyly and the evolution of the 
arthropods in House, ed., The Origin of Major Inverteberate 
Groups: 516JPp., Academic Press: New York 

Marshall, S.M., and Orr, A.P., 1960, Feeding and nutrition in Water
man, ed., The physiology of Crustacea, vol. I p. 230-258; 

71 



Academic Press: New York 

Opik, A.A., 1952, The hypostoma of Pagetia: J. Paleont. v26, p272-274 

------------1961, Alimentary caeca of agnostids and other trilobites: 
Paleontology v.3, p. 410-438 

Palmer, A.R., 1955, Upper Cambrian Agnostidae of the Eureka District, 
Nevada: J. Paleont, v.29, p. 86-101 

------------1957, Ontogenetic development of two olenellid trilo
bites: J. Paleont. v.31, p. 105-128 

------------1958, Morphology and ontogeny of a Lower Cambrian Ptycho
paroid trilobite from Nevada: J. Paleont. v.32, p. 154-170 

Rasetti, France, 1952, Ventral cephalic sutures in Cambrian trilo
bites: Amer. Jour. Sci., v.250, p. 885-892 

Raup, D.M. and ~1arshall, L.G., 1980, Variation between groups in ev
olutionary rates: a statistical test of significance: Paleo
biology, v.6, p.9-23 

Raw, Frank, 1925, The ontogenies of trilobites, and their signifi
cance: Am. Jour. Sci. v214, p. 7-35 

Ritterbush, L.A., 1978, Paleobiology of Peronopsis interstricta, 
{Agnostida, Trilobita): S. Cal. Academy of Sci. Abst., 1978 
no. 23, p. 12 

Robison, R.A., 1960, Lower Middle Cambrian stratigraphy of the east
ern Great Basin: Intermontain Assoc. Pet. Geol. Eleventh Ann. 
Fl. Conf. p. 43-52 
.·· 

------------1964a, Late Middle Cambrian faunas from western Utah: 
J. Paleont. v.38, p. 510-566 

------------1964b, Middle upper Cambrian boundary in North America: 
Geol. Soc. Amer. Bull., v.75, p. 987-994 

------------1964c, Upper Middle Cambrian stratigraphy of \IJestern 
Utah: Geol. Soc. Amer. Bull., v.75, p. 995-1010 

------------1967, Ontogeny of Bathyriscus fimbriatus and its 
bearing on affinities of Corynexochid trilobites: J. Paleont. 
v .41' p. 213-221 

------------1972a, Hypostoma of agnostid trilobites: Lethaia v.5 
p. 239-248 

72 



---------------1972b, Mode of life of agnostid trilobites: Inter
national Geol. Cong. 24th Session, Sect. 7, p.33-40 

---------------1975, Species diversity among agnostid trilobites: 
Fossils and Strata 4, p.219-226 

Rouse, Hunter, 1938, Fluid Mechanics for Hydraulic Engineers: 422pp., 
Dover, New York 

Rudwick, M.J.S., 1964, The inference of function from structure in 
fossils: Brit. J. Phil. Sci. , v.l5, p.27-40 

Scheltema, R.S., 1977, Dispersal of marine invertebrate organisms: 
paleobiogeographic implications: in Dauffman and Hazel, eds., 
Concepts and Methods in Biostratigraphy, p.73-108 

Simpson, G.G., 1953, The Major Features of Evolution: 412pp., Col
umbia Univ. Press, New York 

Sneath, P.H.A., 1967, Trend-surface analysis of transformation 
grids: Jour. Zool. Soc. London, v.l51, p.65-122 

Stewart, J.H., and Suczek, C.A., 1977, Cambrian and latest precam
brian paleogeography and tectonics in the western United 
States, in Stewart, Steves, and Fritsche, eds., Paleozoic 
Paleogeography of the Western United States: 502pp., Soc. 
Econ. Paleont. Miner., Los Angeles 

Tokaty, G.A., 1971, Fluidmechanics: 24lpp., Foulis and Co., 
Oxforshire 

Vernard, J.K., 1940, Elementary Fluid Mechanics: 570pp., Wiley and 
Sons, New York 

Walcott, C.O., 1908, Nomenclature of some Cambrian Cordilleran for
mations: Smithsonian Misc. Coll., v.53, p.l79-182 

Waterman, T.H., 1961, The Physiology of Crustacea: 68lpp., Academic 
Press, New York 

Welch, J.R., 1978, Flume study of simulated feeding and hydrodynamics 
of a Paleozoic stalked crinoid: Paleobiology, v.4, p.89-95 

Wheeler, H.E., 1948, Late Pre-Cambrian--Cambrian stratigraphic cross 
section through souther Nevada: Univ. Nevada Bull., v.XLII 
no.3, 63pp 

-------------and Stele, Grant, 1951, Cambrian sequence of the House 
Range, Utah, in Intermountain Assoc. Pet. Geol. Guidebook to 
the Geology oy-Utah: no.6, p.29-37 

73 



Whittington, H.B., 1957, The ontogeny of trilobites: Biol. Rev. 
v.32, p. 421-469 

-------------------1977, The Middle Cambrian trilobites Naraoia, 
Burgess Shale, British Columbia: Roy Soc. Lonq. Phil. Trans. 
v.280, p. 409-443 

-------------------1979, Early arthropods, their appendages and 
relationships, in House, ed., The Origin of Major Invertebrate 
Groups: 516pp.,~cademic Press, New York 

74 



APPENDIX A 

SOLUTION FOR 11 BEST FIT 11 AND FORMULAS FOR STATISTICS USED IN 

GROWTH STUDY 

The following explanation of the best fit solution and stat

istical formulas used in the growth section of this paper is summar

ized from Huffman, et.al. (1978). 

The program takes a set of points (called 11measured points 11
) and 

finds the 11 best fit 11 of this set on another 11 fixed set 11 of points. 

The 11 best fit 11 is defined as the case where the least-squared dis

tances between corresponding points on the two sets are minimized. 

The measure point set must be transformed to a set (the adjusted 

points) having new X and Y coordinates, but without distorting the 

shape represented by the measured points. Operations performed on the 

measured set without distortion are: 1) rotation (rotating the shape 

in the X-Y plane); 2) translation (movement in X andY directions un

til objects are superimposed); 3) scaling (multiplication by a con

stant to change size). The new adjusted points may be found by 

alterating the measured points by addition of constants (c for the 

X-axis and c for theY-axis), and multiplying by a scale factor (A) 

and sin or cos of the angle of rotation (B). A pair of adjust coor

dinates (X,Y) would be found from measured coordinates (X 1 ,V 1
) by 
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X = c1 +.\cos X' sin ev• 

y = c 2 + ,\Sin X I + cos e y I 

To solve the problem with the computer, the equations are changed to 

matrix form: 

[
X = [c1 

y c2 

Given the measured data 

+ A l :~: ; -::: : l [ :: l 
for[9:) , to find the adjusted coordinates(n 

we must solve for parameters c1 , c2 , ,\, case, and sine. According 

to Huffman, et al.(l978), if X is the vector of parameters to be 

solved for, A is the matrix of measured points, AT is the transpose of 

A, and k is the vector of fixed coordinates, the least-squares solu-

tion is: X = ((AT A)-1 AT J k. 

For each analogous point, the distance between the adjusted co

ordinates and fixed coordinates is calculated (expressed as X-compo

nent, VX, Y-component, VY, and vector sum, VXY), n=number of points 

(in this study, n=4). The program also calculates the following 

statistics: 

!!average X error 11
: the average X-component of distance between 

analogous points: ~i~1VXi I n 

"average Y error": the average Y-component of distance between 

analogous points: ~i~1VYi I n 

standard error of X-componentyf~i~l(VXi) 2 I n 

standard error of Y-component:~~i~1 (VYi) 2 I n 
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standard error of position: combines the previous two by adding sums 

of squares for X and Y components: 

l:i~l(VXi)2 + Li~l (VYJ2 

n 
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EXPLANATION OF PLATE 1 

Agnostid trilobites from Marjum Pass and Wheeler Amphi
theater, House Range, western Utah: 

Fig. 1-3: Ptychagnostus ~· from Marjum Pass 
1,2: ventral views, showing hypostomas 

3: dorsal view of weathered specimen; hypostomal 
outline visible 

4-5: Peronopsis interstricta from Wheeler Amphitheater; 
ventral views 

4: nearly complete hypostoma visible 
5: partial hypostoma visible 

6: dorsal view of Peronopsis interstricta 

7-8: dorsal views, Ptychagnostus ~-

(All specimens whitened with ammonium chloride.) 
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