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Figure 7. Insects from the Horse Race (Stop 5, locality
4) (above). Drawings were made on a camera lucida,
scanned and converted to bit mapped images. A, An
example of the insect (beetle?) larva Mormolucoides
(Stop 5); B, Beelle elytron of the Holcoptera-type; C,
Whole insect (?Holcoptera-type beelle). Scale is 2 .
mm.,

Figure 4. Original slab of footprints dug up by Pliny Moody in 1800-1802. Slab is a natural
cast in red sandstone of the ornithischian ichnitc Anomoepus (AC 16/2) from Moody's
Comer, South Hadley, MA (Portland Formation, Hartford basin). These are the tracks that
were called "Noah's Raven". Scale is 10 cm.
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Figure 5. Examples of the kinds of plants found in the Deerficld basin. A, Pagiophyllum simile (YPM 025, RC,
lower Portland Fm., Hartford basin, South Hadley, MA). B, Reconstruction of Pagiophyllum simile in A. C,
Reconstruction of Pagiophyllum sp. (YPM 020 and YPM 021 - counterparts, RC, lower Portland Fm., South Hadley
Falls, MA). Resembles extant Araucaria imbricata. D, Reconstruction of Brachyphyllum sp., Cupressaceae? (YPM
002, RC, R.S. Lull collector, Deerfield basin, Turners Falls, MA). E, Reconstruction of Elatides sp. Taxodiaceae?,
(YPM 024, RC, lower Portland Fm., Hartford basin, Chicopee, MA). F, Otozamites latior, Bennettitales (WU 824,
LC, Shuttle Meadow Fm., Hartford basin, Durham, CT). G, Reconstruction of Hirmerella sp., Cheirolepidaceae,
ovuliferous cone scale (HOL-7lowest Portland Fm., Holyoke, MA). H, Reconstruction of Hirmerella sp.,
Cheirolepidaceae, sterile bract from female cone probably belongs with G (HOL-7, lowest Portland Fm., Holyoke,
MA). I, Reconstructed ovulilerous cone scale of Hirmerella miinsteri , Cheirolepidacae (YPM 012, RC, Horse Race
[Stop 5], Montague, MA). This is virtually identical Lo the "types” from Rhaeto-Liassic of Middle Franconia,
Germany. J, Reconstruction of sterile bract of female cone /Hirmerellu? sp. , Cheirolepidaceae? (upper Towaco Fm.,
Newark basin, Roseland quarry, NJ). K, Reconstruction of ovuliferous cone scale of Hirmerella sp. , Cheirolepidacae
(MC, Turners Falls Ss, Deerfield basin, Horsc Race, MA). L, Reconstruction of Pagiophyllum brevifolium (MC,
upper Turners Falls Ss, Deerfield basin, Horse Race, MA - on the same spccimen and bedding surface as K). M,
Ovauliferous cone terminally attached 10 Pagiophyllum simile lealy shoot. Either this specimen is an immature seed
cone of Hirmerella, or more likely it is closely allicd to extant Cryptomeria japonica and Early Jurassic
Swedenborgia cryptomeroides, both of taxodiaceous affinity. N, Reconstruction of Masculostrobus sp. (pollen cone),
Cheirolepidaceae (ER 008 and ER 009 [counterparts], ERT, lower Feltville Fm., Newark basin, New Germantown,
NJ). O, Reconstruction of pair of winged seeds, Pinaccac? (ER 085, ERT, lower Feltville Fm., Newark basin, New
Germantown, NJ). P, Reconstruction of Hirmerella cf. H. minsteri , Cheirolepidaceae, sterile bract from female cone
(ER 014, ERT, lower Feltville Fm., Newark basin, New Germantown, NJ). Collection and locality abbreviations are:
YPM, Yale Peabody Museum; WU, Wesleyan University; LC, Loper Collection; RC, Redfield Collection; MC, N.G.
McDonald Collection; ER, East Round Top Collcction of Bruce Cornet; ERT, East Round Top. Scale is 1 ¢m: for
A-C, bar is next to A; for D-F it is next 10 E; for G-Q it next o P.
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revision will have to take into account the exceedingly poor record of Early Mesozoic terrestrial invertebrate body
fossils, especially insects, and we therefore doubt that the majority of these invertebrate ichnofossils from the
Deerfield basin will ever be confidently related to the organism that made them.

Although insect body fossils are uncommon in early Mesozoic continental strata, the Deerfield basin is one
place where there is hope of filling in the record. Hitchcock (1858) described Mormolucoides articulatu, the first
insect body fossil from the Newark Supergroup, based on several specimens collected by Roswell Field from the
Turners Falls Sandstone. Dana (1858) studied Hitchcock's specimens and identified them as insect larvae, possibly
Neuroptera. Scudder (1886) examined these and other specimens and noted that they resembled beetle larvae, but
concluded again they were neuropteran. We feel that their affinities are still very uncertain. Recently, two of us
(NGM and PH) rediscovered one of Hitchcock's localities along the Horse Race in Montague and recovered many
additional specimens (Figure 7). Several types of larvae present, as well as associated beetle elytra assignable to
Holcoptera. The latter are small (7 mm), narrowly ovoid in form and are omamented by 3-4 longitudinal stripes.
Holcoptera was originally described from slightly younger, marine deposits of the English Lias (obtusum zone;
Whalley, 1985), and we follow Whalley's (1985) concept of this taxon which relegates it 1o a form genus for beetle
elytra displaying 3-4 longitudinal, parallel stripes that cannot at present be assigned Lo any extant family. We have
also found one complete but indeterminate adult beetle that also could be fHolcoptera, although the elytra are mostly
obscured by the abdomen. It seems plausible to us, although far [rom demonstrated, that Mormolucoides articulatus
could be the aquatic larva of a beetle with Holcoptera-type elytra. At least four other localities produce
Mormolucoides in the Deerfield basin (see Stop 5 and road log at 44.8 and 45.5 mi.), and it appears to be a facies-
indicator fossil. In the Hartford basin, Mormolucoides has been [ound in the East Berlin Formation and possibly the
Shuttle Meadow Formation (McDonald, 1992), and Holcoptera has been found in the Portland Formation at the now
filled in K & F quarry in Suffield (McDonald, 1992). We believe careful searching in similar facies will reveal a
much greater diversity of insects.

Fishes

Fossil fish from the Deerfield basin (Turners Falls Sandstone) were among the first North American vertebrates
to receive formal systematic attention. Agassiz (1833-1843) described two species [rom the Sunderland fish bed,
Paleoniscum fultus and Eurynotus tenuiceps, which were later recognized as belonging to the holostean genus
Semionotus (Figure 8). Additional species of Semionotus were described from the Tumners Falls Sandstone by
Redfield (1841), Newberry (1888) and Eastman (1911). Isolated scales and bones occur in several of the gray and
black shale beds in the basin, but articulated specimens have been found only in "lake bed 3" in the vicinity of
Turners Falls (Stop 4), in the Sunderland fish bed (which may be a coarser equivalent of lake bed 3), and in the gray
shales at Sunderland Cave (Bain, 1932). What makes the [irst two localities interesting is the array of shapes and
sizes of the abundant Semionotus that prompted the multitude ol species names in the older literature. Some
variation can be attributed to postdepositional distortion of the fish, which can be quite subtle. Nonetheless, most of
the variation is unequivocally real and is reflected not only in body shape, but also in scale and fin ray counts, and
scale and skull bone morphology. This is particularly clear,in the structure of the prominent ridge of scales along the
dorsal midline in front of the dorsal fin (Figure 8) - the dorsal ridge scales. Similar variation is seen in several other
Newark Supergroup Semionotus assemblages. However, mass mortality assemblages of Semionotus from pond and
shallow lake deposits from elsewhere in the world show much less variation, and are in this respect similar to
modem lacustrine fish species (McCune, 1982).

Recent work by Olsen, et al. (1982), McCune (1982, 1986, 19874, 1987b, 1990) and McCune, et al. (1984)
attributes the remarkable morphological diversity ol Newark Supergroup Semionotus to variation between many
closely related species (i.e. species flocks: Figure 9) that evolved within giant lake systems. Such species flocks are
well known in cichlid fishes from the African great lakes, especially lakes Victoria, Malawi, and Tanganyika
(Echelle and Komfield, 1984). However, recognition of individual specics in species flocks of semionotids is
difficult, because, as with the African cichlids, there arc few non-overlapping consistent characters. Furthermore,
we cannot do breeding experiments or observe the natural behavior of extinct fish. Hence, quantification of the
actual diversity of semionotids is impeded. Nevertheless, dorsal ridge scale characters and skull bone shape do allow
the grouping of specimens into easily recognized and clearly delinable supra-specific categories (Olsen, et al., 1982;
Olsen and McCune, 1991).

A few years ago, two of us (PEO and NGM) thought that only semionotids were present in the Deerfield basin.
This conclusion was substantiated by our own collecting cfforts and an exhaustive search of museum collections.
The kinds of semionotids present, the apparent absence of othcr groups of [ishes, and the distribution of these forms
in the rest of the Newark prompted an attempted correlation of the Newark Supergroup based on fishes (Olsen, et
al., 1982). Almost immediately after this paper was published, a specimen of the palaconisciform genus Redfieldius
was found (by PEO) at Tumers Falls. Subsequently, two more specimens of Redfieldius were discovered (by NGM
and PH), and two specimens of the coelacanth Diplurus werc [ound (by PH and Alasdair Gillillan). The discovery of
Redfieldius and Diplurus in the Turners Falls Sandstone, and similar discoveries [rom other parts of the Newark,
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demonstrate that correlation by these fishes (at [east at the generic level) does not work (cf. Olsen, 1983; Huber, et
al., in press).

Of special interest is the Diplurus specimen collected and prepared by Alasdair Gilfillan, who has kindly
allowed us to examine it. It comes from the nodule horizon in the middle of "lake bed 3" (see Stop 4). The specimen
has a standard body length of nearly 40 cm, not including the skull and caudal peduncle, and is complete except for
the anterior part of the head, which had weathered prior to collection. There is a phosphatic, conchoidally fracturing
probable cololite (partially digested fecal matter) in the region of the body approximating the position of the
posterior part of the digestive tract. The cololite is elongate and ovoid and compares well in shape, fracture pattern,
and phosphatic composition with coprolites attributed to coelacanths from elsewhere in the Newark (McDonald,
1992). Additional study is needed, however, because some coclacanths have an ossified lung which could be
mistaken for a cololite, and a source from other upper-level, aquatic predators such as sharks or protosuchian
crocodiles cannot be completely ruled out.

Reptiles

The osseous remains of probable tetrapods in the Deerfield basin are represented by two bone fragments: one
from the Sugarloaf Arkose; the other from the Turners Falls Sandstone. The Sugarloal specimen was discovered by
Solon Wiley in Greenfield in 71875 and presented to Professor O.C. Marsh of Yale, where it was catalogued as
YPM 6281. Lull (1953) and Galton (1976) regarded this bone {ragment as presumably dinosaurian without
additional comment or description. We regard its identification as dinosaurian as very suspect. The second specimen.
was discovered (by PH and NGM) in a large transported block of pebbly sandstone in Turners Falls. The specimen
is a blue-weathered, hollow bone fragment about 2.5 ¢m in diameter, exposed in oblique section. It extends into the
matrix an unknown distance. The bone is quite thin ~0.5 ¢cm. Thin, hollow bones are a shared derived character of
theropod dinosaurs. We conclude that this fragment may be a portion of the distal end of a long bone of a medium
sized theropod, and as such it is the first record ol a theropod bone from the Deerfield basin. The block of pebbly
sandstone contains clasts up to 10 cm in diameter and excellent armored mud balls (see Little, 1982). The block
came from the abutments of the "Red Suspension Bridge", which formerly spanned the Connecticut River upstrean
of the Turners Falls-Gill dam (observed by Richard Little, pers. comm., 1992). According to Ms. Therrisa Rice (of
Turners Falls) the original stratigraphic origin of the block is from an abandoned quarry (presently occupied by
buildings) on the west side of Main St. in the Village of Turners Falls.

This occurrence of tetrapod bones is similar to the reptile bone occurrence described by Huber and McDonald
(In Press) in the Pomperaug basin of Connecticut. The Pomperaug bones are in coarse-grained, poorly-sorted fluvial
arkose with extrabasinal clasts up to 23 cm in diameter. Thus, the two occurrences are taphonomic analogs,
preserved in high-velocity fluvial channel-lags.

Footprints

Despite the paucity of osseous remains of Letrapods, the Decrfield basin, specifically the Turners Falls
Sandstone, has become famous for its extraordinarily abundant reptile footprints. However, despite superb material,
the state of footprint taxonomy has been abysmal. By 1864, the year of his death, Hitchcock had introduced no less
than 105 species in 48 genera - not including those names he erected, and subsequently discarded. Unfortunately,
most of Hitchcocks taxa are not valid using modern criteria.

Because footprints are the result of an action of an animal and not the actual remains of an organism, they
cannot belong to zoological species, which owe their distinctness 10 genetic isolation, and can be grouped into higher
taxa. Historically, however, footprints have been given zoological names corresponding Lo species and higher
categories. Following many years of intense debale, the International Committee on Zoological Nomenclature has
formally recognized the ichnospecics, ichnogenus, and ichnofamily as formal names. Unlike the situation for
zoological taxa, there is no consensus on how ichnospccies are to be delined, and students of fossil footprints have
used radically different approaches. Some recognize cvery dilferent shaped track as a distinct taxon, regardiess of
the origin of those differences. Others apply namecs only (o those tracks that show the anatomical structure of the
trackmaker's feet (e.g. Padian and Olsen, 1984). These fundamental philosophical dilferences, plus, quite a bit of
sloppiness, have made footprint study very difficult.

Hitchcock began applying zoological names to {ootprints almost as soon as they were first discovered, which
had a very unfortunate and far-reaching cffect on the study of vertebrate ichnology. The earlier specimens were of
relatively poor quality, but these werc the ones described and figured by Hitchcock in his many publications. Most
of the thousands of spectacular and beautifully-preserved tracks in the Pratt Museum of Amherst College were
collected after the publication of the /chnology (Hitchcock, 1858; Deane, 1861). As a consequence, there is little
recognition of the very high qualitly of Connccticut Valley material in the older literature, and most of the the type
specimens of Hitchcock's taxa arc indcterminate by modern standards. Some indication of the quality of the later
malerial is to be found in the posthumously published Supplement to the Ichnology of New England (1865), in which
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Figure 6. Clathropteris meniscoides (Brongniart) Brongniart. A, Reconstruction of specimen CL004 from
Southampton Road locality, Hampden County, MA. Shuttle Meadow Formation, Early Jurassic. This locality is
approximately equivalent in age to the Clathropteris locality directly beneath the Deerfield basalt on Rt. 2a (Stop
4, location 1), uppermost Sugarloaf Arkose (i.e. uppermost Falls River beds). B, Pinna fragment of C.
meniscoides (specimen CL0O1, Southampton Road locality, MA). C, Equisetites sp., reconstruction of specimen
from Southampton Road locality, MA. Equisetites spp. has been found in growth position along side
Clathropteris both at Stop 4, location 1 and at the Southampton Road locality. Scale bar is 2 cm. Photograph of
Clathropteris specimen from Stop 4, locality 1 is figured in Olsen, et al. (1989).
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Figure 9. Examples of the range of body shapes seen in Semionotus spp. from the Turners Falls
sandstone. Based on specimens in the Yale and McDonald collections. Note that the dotted line outlines
the posterior portion of a very large Semionotus. -
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all of the footprints in the Hitchcock collection were catalogued by C.H. Hitchcock. In many ways, this is the most
useful of the elder Hitchcock's publications because it synthesizes much his previous work of 30 years and attaches
specimen numbers to what were only names and/or crude drawings in previous reports. Unfortunately, the
taxonomic status of most of Hitchcock's taxa has been completely muddled by repeated renaming of forms and
seemingly endless numbers of different names applied to specimens of the same taxon.

Most ichnological studies since Hitchcock have only made matters worse. An excellent example of the confused
state of affairs is the history of the ichnotaxon Sauropus barrattii, which started out as an isolated, indeterminate
manus impression from an unknown locality (Hitchcock, 1837). It ended up as a fancifully "reconstructed” sitting
trackway complete with a trackmaker, which was used to inter how Cretaceous hadrosaurs sat (Lull, 1953)! From
1837, "Sauropus" went through seven invalid name changes, three invalid changes of type specimens, and four
crude redrawings in which dotted lines were slowly replaced with solid ones. The final result was fiction, repeated in
every major ichnological compendium to this day (see Olsen and Baird, 1986, for a full history). That is just one
taxon out of the 47 listed by Lull (1953). Most of the other genera have had a similarly contorted history.

A footprint is the result of the action of an animal against the substrate. Rarely is the footprint, even at the time
it was made, a faithful impression of the foot. As Baird (1980) has pointed out, * a footprint is not the natural mode
of a morphological structure but is, instead, the record of that structure in dynamic contact with a plastic substrate.”
This relationship between the geometric action of the foot (kinematics), the physical properties of the substrate, and
the actual morphology of the fool can be represented by a ternary diagram (Figure 10) (Padian and Olsen, 1984a)
into which any footprint can be qualitatively placed. All three determinants play important roles in the final
footprint. The collected specimen may also have added diagenetic changes, may be structurally deformed (Silvestri
and Olsen, 1989), and may have been altered during collection.

Vital information about the behavior and mechanics of animal motion can be obtained by the study of tracks in
which the nature of the substrate and the movement of the animal are most important (o track structure. However, we
believe that only those tracks in which morphology is faithfully reproduced should be named. These are the forms
that are useful for determining the track makers, or as proxies of zoological taxa for biostratigraphic or
paleoecological studies. Operationally, this crileria is recognizing when there are well delined impressions of pads or
skin impressions, the later being especially definitive. Using thesc criteria we recognize only four valid ichnogenera
from the Deerfield basin. These are Batrachopus, Otozoum, Grallator, and Anomoepus (Figure 10).

Batrachopus (Figures 10 and 11) is a small, habitually quadrupedal track characlerized by a functionally four-
toed pes and an outwardly turned five-toed manus. It is a very common ichnotaxon in the Turners Falls Sandstone,
throughout the Jurassic of the Newark Supergroup, and in the very youngest Triassic in the Newark basin. The genus
has recently been reviewed and revised by Olsen and Padian (1986). The pes of Batrachopus has a pad underlying
digit V in combination with a reduced number of pads underlying digit I, indicating that the trackmaker had a
reduced number of phalanges in that digit - the latter being a shared derived character of crocodiles (Olsen and
Padian, 1986). The striking resemblance between crocodile morphotogy and Batrachopus was first noted by Deane
(1861). Lull unknowingly inferred the association of Batrachopus with crocodiles as well. In 1904, he suggested that
B. "gracilis" (i.e. B. deweyi - Olsen and Padian, 1986) is probably the trackway of Stegomosuchus longipes, a small
armored reptile from the Portland Formation of the Hartford basin. It was originally thought by Lull to be a
"pseudosuchian” allied to the Triassic aetosaur Stegomuss, but later proved to be a Jurassic crocodile (Walker, 1968).
Small, long-legged crocodilian skeletal remains are quitc common in Early Jurassic age deposits elsewhere in the
Newark (Fundy basin - Olsen, et al., 1989). We conclude that the ichnogenus Batrachopus was made by small,
mostly terrestrial crocodilians, although it could probably also have been made by small sphenosuchian
crocodilomorphs.

Otozoum (Figures 10 and 11) is a generally uncommon and often very large, habitually bipedal ichnite. It is
known from relatively small forms (Otozoum minus Lull, 1915) from the Turners Falls Sandstone. It is characterized
by a functionally four-toed pes that retains a well developed pad (or digit V. It morc or less looks like a giant
Batrachopus, but has a full complement of phalanges in digit IV. Otozoum also occurs in the the Portland Formation
of Hartford basin, and the McCoy Brook Formation of the Fundy basin.

Supposed manus impressions of Otozoum are known [rom only one specimen (AC 5/14 - sce Stop 1). AC 5/14
is a slab of natural casts bearing onc clcar pes of Otozoum, many Grallator tracks, and what has traditionally taken
to be a left and right manus of Otozoum with onc of the manus and the pes impressions overlapping. The structure of
these is far from clear, however. After reexamination of AC 5/14, we conclude that the supposed manus tracks are
actually superimposed Grallator that fortuitously happen to be adjacent to the pedal track of Otozoum. Interpreted as
Grallator tracks, there is no evidence of the structure of the manus of Qtozoum.

The structure of the manus of Otozoum was the principle objection (Baird, 1980) to assigning the genus to the
prosauropod dinosaurs, as postulated by Lull (1953). The structure of the pes of prosauropods agrees well with
Otozoum, including the pad for digit V, and the [it for thc manus is, for the time being, unknown. We would predict






































































































