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ABSTRACT

Long predicted but not found, a Mesozoic amphiadthally reported from the lower Weald
Clay Formation (late Hauterivian) of the CountySafrrey in Southeast England, UK. Occurring
in non-marine Wealden deposits, and sideswimmet-tikis lilliputian is referred to a new
senticaudatan collective group and nar@inmaroidorunvonkigen. et sp. nov. Future search
should focus on finer-grained insect beds to ehteidhe history of small, little-known, but

significant crustaceans.

Keywords:amphipod; earliest; gammaroid; Wealden; new tpaigeoenvironment.

1. Introduction
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The Amphipoda are brooding peracaridans and otteedargest orders of the Crustacea
with nearly 10K described species, the great mgjofiwhich are marine or brackish, the
remainder fresh water and even terrestrial (Lowny Klyers, 2017). They are almost worldwide
in distribution (mainly extra-tropical) and areaitsignificant in aquatic food webs, conveying
nutrients and energy to higher trophic levels snstg vertebrates (Vainola et al., 2008). There
is no special common name for amphipodan shringraesnore familiar ones, like gammarids,
are sometimes called sidewimmers (and scuds, USgaradhoppers (talitrids). The amphipod
body is distinctive being segmented throughoutk{tega carapace) and usually laterally
compressed, with a more or less curved or hookgrkdile. Fossil amphipod crustaceans are
rarely recorded (about 30 described species) amdaloccur back to the Carboniferous
(Bousfield and Poinar, 1994), but so far only tastiones have been confirmed, mainly as amber
inclusions (Jadzewski and Kupryjanowicz, 2010). This is not forkasf trying (McMenamin et
al., 2013 versus Starr et al., 2015) and theirc#tgais often attributed to their fragility (thin
cuticle), a familiar complaint about the insectsibsecord. Here we report the first definite
amphipod from the Mesozoic Era based on rock fssociated with abundant insect remains
from the Wealden Group of Southeast England ofyEarétaceous age (Hopson et al., 2008),
thus extending the record of amphipods by nearfyNi@. The Wealden Group is essentially
non-marine (Radley and Allen, 2012), so that tlsealery of &sGammarudike form is

significant and discussed herein.

2. Geological setting

The finds are from the lower Weald Clay Formationhe English county of Surrey; they

were made during processing of siltstone scow fiibm mudstones below British Geological
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Survey beds 3/3a of late Hauterivian age at Cloakbdrickworks, near Capel (Jarzembowski,
1991; Rasnitsyn et al., 1998; Batten and Austefh1pQ.i et al. (2019: fig. 1) give a map of the
locality (National Grid Reference TQ 175385; ladi®b1 deg. 8 min. N., longitude 0 deg. 19.5
min. W.) and Jarzembowski and Soszlya-Maj (2018: fig. 1) a view of the quarry pit.&'h
Weald Clay is considered to have been depositedil30 ago (Cohen et al., 2019) in a wetland
with rivers, lakes and lagoons under a Mediterrarg® climate and the remains of aquatic
crustaceans occur as well as terrestrial inseatgdthbowski, 1995; Jarzembowski et al., 2014).
Thus the amphipods are associated with insect padg and wings of beetles (eaygadenia
Handlirsch, 1906), dragonflies (Odonata), cockreadBlattodea), and termitégglditermes
Jarzembowski, 1981), as well as other aquatic acesins (clam shrimps (spinicaudatans),
isopods, and ostracods), plus fish and snail resnaimarcoal, plant debris, and possible rootlets.
The specimens are preserved with some relief asralised impressions (brown-weathered

pyrite coating calcareous fill; Figs S1, S2).

3. Material and method

The material is in the Natural History Museum, LondNHMUK) specimen nos prefixed
IC; original field numbers are given for continu{gx Jarzembowski coll.). The specimens were
examined under a Nikon SMZ 1000 binocular microscegh camera lucida drawing tube and
fibreoptic illumination. They were photographediwa Zeiss Axiocam 512 digital camera
mounted on a Zeiss Stereo Discovery V16 microsetgewith fibreoptic illumination and
operated with Zen 2.3 pro software. Electron micopy was undertaken using a Gemini LEO-
1530VP S. E. M. Standard terminology is used wittenterminology (as in cited literature)

given in parenthesis. Drawings were prepared froth photographs and specimens by hand
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(EAJ). Drawing conventions are solid line, distinwdrgin; dashed line, indistinct or damaged;
dotted line, extrapolated. All taxonomic acts elshled in the present work have been registered
in ZooBank (see new taxonomic LSIDs below) togethign the electronic publication

urn:lsid:zoobank.org:pub:4D453889-F93B-4FF6-8FEBAIB4F4CES.

4. Systematic palaeontology

Class MALACOSTRACA Latreille, 1802

Subclass EUMALACOSTRACA Grobben, 1892

Superorder PERACARIDA Calman, 1904

Order AMPHIPODA Latreille, 1816

Suborder SENTICAUDATA Lowry & Myers, 2013

Superfamily GAMMAROIDEA Latreille, 1802

Family Uncertain

Collective groupGammaroidorummov.

RemarksA collective group is effectively a form genusias treated like a natural genus but

without the requirement of a type species undeNCE099).

urn:lsid:zoobank.org:act:29548CEC-A17C-4169-84BR-DCS8EEOCB9

Derivation of nameFrom gammaroid and latin suffix —orum; gender ecnéise.

Included speciessammaroidorum vonlgp. nov.



86  Description Gammaridean or senticaudatan amphipod with raihéad, long antennae, short
87  accessory flagellum, broad second gnathopod, cualkddmen, and on last (third) uropod,

88 ramus longer than peduncle with inner ramus onghtly reduced.

89  Gammaroidorum vonlgp. nov.

90 urn:lsid:zoobank.org:act:D7629D55-E7AC-4DAE-96B2ZBBE 764875
91  Figs 1AD, 2A-D, 3

92  Derivation of nameAfter Dr Ronald Vonk (Naturalis), gender mascalin
93  Holotype Forebody in lateral aspect IC CH879ii, xii.

94  Paratypes Other specimens from same horizon and localitycdstype: IC CH864ixa, Xiii,
95  probably moulting as minus head and coxae; CH8@arly upright body showing dorsal

96 aspect; IC CH879liih abdomen (pleon) with uropods in lateral aspect.
97  Other material See Appendix.

98 Locality and horizon Clockhouse brickworks, Surrey, UK; lower WealyFormation
99  (mudstones below BGS beds 3/3a), late Hauterivian.
100 Diagnosis Small, comma- or hook- shaped specieGammaroidorunwith ramus on last

101 (third) uropod well over 1.5 times longer than pecia.
102  Description Body curled, hook-like, 2-3.5 mm long.

103 Head rounded anteriorly, antenna (antennu{@X1) not shortened with small accessory
104 flagellum and peduncle with three elongate segm@ntles: Al1-3) especially distal one (A3);
105 antenna 2 (At2) not reduced with distal segmenfsediincle (A3-5) discernible, three short and

106  four and five elongate, especially 4. Gland coresent.
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Thorax (seven—segmented pereon) more or leksidnwards with slightly elongate, broad,
rounded coxal plates on anterior body segmente@pées) and apparently transverse second

gnathopod (G2, pincer or nipper).

Abdomen (six-segmented pleon) tapered andtsligurled outwards distally; pleosome
(pleonites: pleosomites PI1-3) with epimera (epahplates) developed; urosome (pleonites:
urosomites Url1-3) with short peduncle on third wdgU3) and elongate rami over twice as
long as peduncle with slightly reduced inner ranaiiser uropods with long peduncles and rami

reaching latter on U3 at about mid length; telsbhgently pointed and reaching rami of U3.

RemarksThe forebody is only comparatively well preseruethe holotype. In the moulted
paratype, G2 is only visible up to the penultimetiécle (propodus) and appears to emanate from
pereonite 4 (not 2) but was probably originallycslled posteriorly. The large size of G2

suggests the moult is a male.

5. Discussion

Mesozoic tanaids and decapods have been mrstak amphipods in the past (Vonk and
Schram, 2007; Starr et al., 2015). Both, howevesspss a cephalothorax or carapace, e.g.
Quayle (2016), unlike the fossils described her&mphipods are, nevertheless, a diverse group
although comparison of the Wealden species witbneson-marine forms shows that it can be
excluded from the fresh water pseudingolfiellidebasause they are vermiform (Lowry and
Myers, 2012). The amphilochidean amphipods inck&leeral non-marine groups with surface
(epigean) as well as subterranean species. TheayEdnclude eusiroids, oedicerotoids,

pontoporeiids, lyssianassoids and haustoriids @aiet al., 2008). These, however, differ from
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the Wealden species in that the first three haveerapless rostrate heads, the fourth has a
mitten-shaped rather than transverse gnathopoddg@hort antenna 1), and the last have a
decurved abdomen (urosome; Chapman, 2007). Thisddahe largest non-marine group for
comparison, the senticaudatans, especially the gaoits and crangonyctoids, but also
corophioids and talitroids, all included in thiogp (Vainola et al., 2008). In contrast to the
Wealden fossils, corophioids have a simple or bastkaped gnathopod and talitroids a
shortened Antenna 1. Crangonyctoids are relatédtdiffer from gammaroids in possessing a
greatly reduced (versus slightly reduced) innerusuiendopod/endopodite) of the third uropod
(U3) on the posterior end (urosome) of the abdo(pkon; Chapman, 2007). Significantly, the
inner ramus is only slightly reduced in the Weald®yult. In fact,G. vonkisp. nov. resembles a
typical gammaroid except for lacking a subchelatatigopod 2 and a considerably larger size
(Macan, 1959: fig. 80)Gammarugrabricius, 1775, however, is considered to hagaribst
plesiomorphic amphipod body form despite being mered no older than the tertiary (Hou and
Sket, 2016). Senticaudatans are, neverthelessdeoed to have invaded non-marine waters by
the Triassic (Lowry and Meyers, 2013). On the ol@ed paraphyletic) classification of marine
amphipods, the Wealden fossils key out as gamnerideoup iii, especially iiie, with the rami
much longer than the peduncle on U3 (Kozloff, 1996)se gammarideans include haustoriids
and eusiroids discussed (and excluded) above buotla saltwater gammaroid species. We
therefore place the Wealden fossils provisionallg inew collective, tentatively gammaroid,
pending a family classification when finer morphgittal detail becomes available (such as setae

to facilitate chaetotaxonomy which defines the Bantdata).

The Wealden is essentially non-marine althaighbasin was linked to the Boreal Sea

(around the now eroded uplands of Londinia) andrethys (via the Paris Basin), and a
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brackish-marine (brachyhaline) band underlies lalingy (oligohaline) strata at Clockhouse
(Kilenyi and Allen, 1968). Examination of the matghows thaG. vonkiis not from the more
saline beds there, notably lacking any shell inohs of the characteristic and abundant
cassiopid gastropod found in that band. To dateieler, Wealden amphipods have been found
only occasionally at the type locality Gf vonki(Clockhouse brickworks) and a brief
mesohaline interlude cannot be excluded; the wadlaity tolerances, however, of recent
Gammarudrom fully marine to freshwater (Fitter and ManuEd86: 226), augmented by an
osmoregulatory antennal gland (see cone abovehsribat a freshwater interlude is equally
likely. In this connection, more material @f vonkishowing the second antennal article on
antenna 2 (which hosts the gland) is needed. R&®mimarugequires more oxygenated water
thanCrangonyxBate, 1859 (loc. cit.: p. 227) and prefers calcasg@lkaline) streams (Whitton,
1979: 44). Radley and Allen (2012) concur with ldit¢er as present in the Wealden on
geological grounds and crangonyctoids have beelngsd above from the Wealden on

morphological grounds.

6. Conclusion

The first Mesozoic amphipo@Gammaroidorunvonki found in the Early Cretaceous Wealden
of the Weald, is morphologically somewhat similaatdiminutive recent gammaroid
sideswimmer. It probably lived benthically in a Amarine environment (like a well-
oxygenated, calcareous stream) with the male disygehis sizeable posterior (second)
gnathopod (Hume et al., 2005). More material, haei¢ needed to classify the species more
precisely, showing additional appendages and fataild'such as hairs, spines, teeth and glands).

G. vonkiis a small species, but could turn up as the beatinues for new insects in Wealden
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sideritic and phosphatic concretions as well dstsihes in whicl@. vonkiwas found. Our
understanding of Early Cretaceous marsupial crastasis at an early stage and like other
crustaceans, amphipods are important in the magaden. Our find shows, however, that the
non-marine realm also has a role to play and insed$ may yet prove as rewarding as crab or
lobster beds in uncovering new fossil crustaceespecially small and delicate forms that are

often under-reported.
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282
283  Figure captions

284  Figure 1.Gammaroidorum vonlgp. nov., Clockhouse, late Hauterivian, holotylge@H879xii)
285 A, S.E.M. of lateral view; B, interpretive drawind lateral view; paratype (IC CH879IiipC,
286  S.E.M. of lateral view; D, interpretive drawing lateral view. Scale bars = 0.5 mm (A, B), 1.0

287 mm (C, D).

288  Figure 2.Gammaroidorum vonlgp. nov., Clockhouse, late Hauterivian, paratygeqH864ixa)
289 A, S.E.M. of lateral view; B, interpretive drawing lateral view; paratype (IC CH86%IC,
290 S.E.M. of dorsal view; D, interpretive drawing afrdal view. Scale bars = 1.0 mm (A, B), 0.5

291 mm (C, D).

292  Figure 3. Artist’'s conception of a pair @ammaroidorum vonlgp. nov. (B. Jarzembowski).
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