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SHRIMP OVERVIEW
The fossil record for all types of decapod 

shrimp, among suborder Dendrobranchiata 
and infraorders Procaridea, Caridea, and 
Stenopodea, is sparse compared with deca-
pods with more sclerotized and/or calcified 
cuticle. All decapod shrimp combined are 
represented by 448 genera in the modern 
oceans, whereas the highest number of 
genera in any given geological stage is 29 
(as of March, 2023, Fig. 1). This being said, 
dendrobranch and stenopodid shrimp are 
among the oldest known lineages of deca-
pods, extending into the Late Devonian 
(Feldmann & Schweitzer, 2010) and 
Early Mississippian (Jones & others, 2014), 
respectively (Fig. 1, Fig. 2, Fig. 3). Molecular 
phylogenies predicted the origin of the groups 
in the Silurian (Wolfe & others, 2019). 
Shrimp of all kinds comprised a signifi-
cant percentage of the Triassic and Jurassic 
decapod fauna, as high as 40% of all decapod 
occurrences in these two periods, but their 
fossils are scarce after the Cenomanian (Late 
Cretaceous) (Schweitzer & Feldmann, 
2015) (Fig. 1, Fig. 2). In the modern fauna, 
shrimp comprise about 20% of the known 
decapod genera, so the Cenozoic appears 
to be an interval of largely missing record 
(Schweitzer & Feldmann, 2015). Because 
shrimp have softer and less calcified cuticle 
than other decapods (Amato & others, 2008), 
their record is unsurprisingly dominated by 
Konservat-lagerstätten, most notably the 

Solnhofen-type limestones of Germany and 
the Cenomanian and Santonian plattenkalks 
of Lebanon. Indeed, most fossil occurrences 
of shrimp are in lithographic limestones and 
laminated shales. Much has been made of 
the importance of lagerstätten in the fossil 
record of Malacostraca (Sepkoski, 2000), 
but this seems to be most critical for shrimp 
and Polychelida (a type of lobster) among 
the Decapoda. Other decapod groups are 
not preferentially preserved in such deposits 
because of hostile sea floor conditions unfa-
vorable for benthic decapods.

Shrimp exhibit several distinct patterns in 
terms of preservation. They are almost always 
preserved in lateral aspect, so that the sides 
of the carapace and pleon as well as append-
ages are visible (Fig. 4). Rarely are shrimp 
fossils preserved in ventral or dorsal aspect, 
but when they are, details of the scaphocer-
ites, telson, and uropods often are observed 
(Schweitzer & others, 2014). Because the 
fossils are usually strongly compressed, it can 
be difficult to determine which pereiopod is 
being observed because counting them from 
first to fifth and differentiating left and right 
can be difficult. The tiny claws associated 
with penaeoid and caridean shrimp often are 
not observed. They do not fossilize well, are 
lost during molting and thus not preserved 
in exuviae, or are lost during preparation of 
the sample slabs. Placement of fossil taxa 
within shrimp families is strongly hampered 
by lack of preservation of the softer parts 
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Despite their sparse fossil record, shrimps 
have some of the longest family ranges 
among the decapods (Decapoda mean = 
70.3 million years [my]) (Schweitzer 
& Feldmann, 2023). They also exhibit 
little extinction at the family level over 
geologic time (Fig. 3). Stenopodidae is by 
far the longest ranging family, extending 

of the shrimp, as well as the reliance on 
tiny and/or soft parts for classification of 
extant members of the group. Mouthparts 
other than the third maxillipeds are almost 
never preserved. These preservational issues 
constrain classification of shrimp fossils and 
interpretation of the evolutionary history of 
specific shrimp lineages.

ShrimpEvol1. Number of genera per unit time for 1, dendrobranch shrimp, and 2, caridean 
shrimp. Arrows indicate times of important lagerstatten for shrimp.
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Fig. 1. Number of genera per unit time for 1, dendrobranch shrimp, and 2, caridean shrimp. Arrows indicate times 
of important lagerstätten for shrimp.
ShrimpEvol1. Number of genera per unit time for 1, dendrobranch shrimp, and 2, caridean 
shrimp. Arrows indicate times of important lagerstatten for shrimp.
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358 my (Schweitzer & Feldmann, 2023). 
Dendrobranchiata average about 125 my 
for families, Procaridea about 166 my, and 
Caridea about 93 my (Schweitzer & Feld-
mann, 2023). Generic ranges are shorter 
for shrimps compared with other decapods: 
from about 27 my in dendrobranchs to 
20.5 my in the stenopodid, caridean, and 
procaridean shrimps. This was suggested 
to be a result of rapid evolution within the 
group, perhaps because of broad morpho-
logical diversity (Schram & Koenemann, 
2021; Schweitzer & Feldmann, 2023), 
and could explain their low family-level 
extinction rates.

In the fossil record of decapod crusta-
ceans, the shrimps are not well-represented 
(Schweitzer &  others, 2010): about 
100–150 species of dendrobranchiates (ca 
540 extant species; De Grave & others, 
2023), about 3–4 stenopodidean species 
(ca 100 extant species; De Grave & others, 
2023), and about 60–70 caridean species (ca 
3825 extant species; De Grave & others, 
2023). Thus, since the Devonian, the fossil 
record of shrimps is particularly sparse, and 
the present-day biodiversity is relatively 
difficult to explain. The taxonomic richness 
of shrimps is driven by the heterogeneity 
of the fossil record and/or sampling effort, 
and shrimp alpha diversity is obviously 
underestimated, especially in the Ceno-
zoic. This is intimately linked to the deposi-
tional paleoenvironments: Numerous fossil 
shrimps are found in Konservat-Lagerstätten 
deposits, known for the exceptional preser-
vation of fossilized organisms or traces. It is 
not universal, but it is very often the case. 
Several Mesozoic Lagerstätten are particu-
larly important for their contribution to 
the knowledge of shrimp faunas: the Early 
Triassic Paris Biota in Idaho and Nevada, 
USA (Smith & others, 2022), the Late 
Triassic alpine outcrops in Italy (e.g., Udine, 
Bergamo; Garassino & Teruzzi 1993; 
Garassino, Teruzzi, & Dalla Vecchia, 
1996), the Early Jurassic Osteno Lager-
stätte in Italy (Pinna, 1985; Garassino 

& Teruzzi, 1990), the Middle Jurassic 
La Voulte-sur-Rhône in France (Jauvion, 
Charbonnier, & Bernard, 2017), the 
Late Jurassic lithographic limestones from 
Germany (e.g.,  Solnhofen, Eichstätt, 
Nusplingen; Schweigert & others, 2016), 
and the Late Cretaceous lithographic lime-
stones (Cenomanian of Hadjoula, Hakel) 
and chalky limestones (Santonian of Sahel 
Alma) from Lebanon (Audo & Charbon-
nier, 2013; Charbonnier & others, 2017). 
These Lagerstätten correspond to marine 
depositional palaeoenvironments, including 
shallow epicontinental settings (from lagoons 
to distal platforms) to deep-water settings 
(from slope-basin transition to bathyal zone). 
The shallow carbonate environments are 
frequent and the lithographic limestones, 
also called plattenkalks, are particularly 
favorable to shrimp fossilization. In the case 
of the world-famous Solnhofen plattenkalks, 
the sediments were deposited in relatively 
deep lethal lagoons, where the seafloor was 
dominated by microbial mats, and the burial 
setting does not correspond exactly to the 
original living environment of shrimps. 
Numerous fossil shrimps from Solnhofen 
are not corpses but exuviae swept into the 
lagoons from more or less distant neigh-
boring environments (Schweigert, 2011). 
The introduction of still-living shrimps into 
the adverse lagoonal conditions also might 
have triggered their molting process. This 
also is the case of the Lebanese plattenkalks 
that recorded mass mortality events of organ-
isms originally living in well-oxygenated 
waters, around the depositional settings 
(Charbonnier & others, 2017). The La 
Voulte Lagerstätte is an exception because it 
corresponds to a unique deep-water (bathyal) 
setting including hydrothermal activity 
(Charbonnier, 2009). In this case, shrimps 
often are three-dimensionally preserved in 
carbonate concretions with their soft parts 
(Wilby, Briggs, & Riou, 1996). This fauna 
is composed of juvenile and adult specimens, 
which is in agreement with an in situ burial 
(Charbonnier & others, 2010).
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ShrimpEvol2. Matrix plots (PAST 4.08) showing discontinuous fossil record for most shrimp families. Gray tones shaded to number of genera
 (at right of each plot). Dendrobranchiate shrimp (1) and caridean shrimp (2) are similarly discontinuous. Glyphocran. = Gylphocrangonidae.
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Fig. 2. Matrix plots (PAST 4.08) showing discontinuous fossil record for most shrimp families. Gray tones shaded 
to number of genera (at right of each plot). Dendrobranchiate shrimp (1) and caridean shrimp (2) are similarly 
discontinuous. Glyphocran. = Glyphocrangonidae. 
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DENDROBRANCHIATA
Dendrobranchiata are recognized in the 

fossil record by their shrimp-like facies 
and pleonal somite two not overlapping 
pleonal somite one (Fig. 4.6). Extant taxa 
usually have three pairs of chelae. Most 
dendrobranch shrimp in modern oceans 
are marine, with a few exceptions among 
Sergestidae (Tavares & Martin, 2010). 
Nearly all recent phylogenies place Dendro-
branchiata as the earliest diverging lineage 
within Decapoda and sister to the remainder 
of the Decapoda, the Pleocyemata Burken-
road, 1963 (Tsang & others, 2008; Tan 
& others, 2018, 2019; Wolfe & others, 
2019) (Fig. 5). Among the dendrobranchs, 
Sergestoidea (Sergestidae + Luciferidae) were 
recovered as sister to Penaeoidea, which 
includes all other dendrobranch shrimp 
families (Wolfe & others, 2019) (Table 1). 
Robalino and others (2016) divided the 
Penaeoidea into a deep-water clade, Phor-
cysida, including Solenoceridae, Aristeidae, 
and Benthesicymidae, and a shallow-water 
clade, including Penaeidae.

Statistical methods recovered a Paleozoic 
origin for the dendrobranchs (Ma & others, 
2009; Wolfe & others, 2019), with crown 
dendrobranchs inferred to diverge from 
other decapods in the Late Devonian. The 

earliest known dendrobranch shrimp fossil 
was Late Devonian (Famennian), assigned 
to the monotypic Aciculopodidae within 
Penaeoidea (Feldmann & Schweitzer, 
2010) (Table 1; Fig. 1, Fig. 4.1). Spines on 
the merus of preserved appendages suggested 
affinities with Aegeridae, another extinct 
dendrobranch family well known from 
the Triassic and Jurassic (summarized by 
Schweitzer & others, 2014) (Fig. 4.6). 
Shrimp clearly assignable to Dendrobran-
chiata were reasonably abundant by Late 
Triassic time (two Triassic families and 11 
Triassic genera) (Smith & others, 2022), 
and all the extant families except Aristeidae 
have a fossil record extending at least into 
the Late Cretaceous, and often much earlier 
(Fig. 3). Aristeidae are thus far unknown 
in the fossil record. There are three extinct 
dendrobranch families: Aciculopodidae, 
Aegeridae, and Carpopenaeidae.

Early Triassic members of Penaeidae 
have been reported from Madagascar (Van 
Straelen, 1933; Garassino & Teruzzi, 
1995; Garassino & Pasini, 2002), and this  
family has a robust fossil record (for shrimp).  
Within Penaeidae there are some “waste-
basket” genera. Antrimpos ,  previously 
including more than a dozen species, recently 
was reevaluated, and the number of included  

ShrimpEvol3. Geologic range, in millions of years, of shrimp families. Only those caridean
shrimp with a fossil record are included.

Fig. 3. Geologic range, in millions of years, of shrimp families. Only those caridean shrimp with a fossil record 
are included.
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species was reduced by about half (Garassino 
& others, 2023). Robalino and others 
(2016) considered that Late Jurassic shrimps 
of Antrimpos were clearly related to extant 
penaeoids; however, many extinct penaeoids 
possess a diaresis not seen, or at least not 
mentioned, in modern taxa (Schweitzer 
& others, 2014). Penaeus includes many 
more fossil species than other shrimp genera 
(Schram & Koenemann, 2021) and is 
likely a form genus for Cretaceous and 
Cenozoic occurrences. Fossil taxa referred 
to Penaeoidea may need to be reevaluated 
to determine their placement. In modern 
oceans, penaeid shrimp typically are found 
in shallow, tropical to subtropical environ-
ments (Tavares & Martin, 2010). Nearly 
all fossil penaeids are recovered from shale 
or lithographic limestone, deposited in quiet 

conditions, so interpretation of paleoenvi-
ronments is hampered by preservational bias.

Aegeridae appeared in the Early Triassic 
of the Western USA (Smith & others, 
2022) and the Middle Triassic in China and 
Europe, and the family was extinct by the 
Late Cretaceous (Santonian) (Schweitzer 
& others, 2014) (Fig. 1, Fig. 2, Fig. 3, Fig. 
4.6). The extinct Carpopenaeidae ranged 
from Late Jurassic (Tithonian) to Late Creta-
ceous (Santonian) (Charbonnier & others, 
2017). Sicyonidae have an unverified record 
from the Late Cretaceous (von der Marck, 
1858) but no other fossil occurrences; extant 
members are benthic and range from the 
intertidal to the continental slope (Poore & 
Ahyong, 2023). Solenoceridae first appeared 
in the Middle Jurassic (Callovian), with a 
few subsequent occurrences (Carriol & 

Table 1. Dendrobranchiata family classification and ranges. 

Taxon Range
Suborder Dendrobranchiata Bate, 1888 Late Devonian (Famennian) –  

Holocene
Superfamily Penaeoidea Rafinesque, 1815 Late Devonian (Famennian) –  

Holocene
†Aciculopodidae Feldmann & Schweitzer, 2010 Late Devonian (Famennian)
†Aegeridae Burkenroad, 1963 Early Triassic (Olenekian) –  

Late Cretaceous (Santonian)
*Aristeidae Wood-Mason in  
Wood-Mason & Alcock, 1891

Holocene

Benthesicymidae Wood-Mason in  
Wood-Mason & Alcock, 1891

Late Cretaceous (Santonian) –  
Holocene

†Carpopenaeidae Garassino, 1994 Late Jurassic (Tithonian) –  
Late Cretaceous (Santonian)

Penaeidae Rafinesque, 1815 Early Triassic (Induan/Olenekian) – 
Holocene

Sicyoniidae Ortmann, 1898 Late Cretaceous – Holocene
Solenoceridae Wood-Mason in  
Wood-Mason & Alcock, 1891

Middle Jurassic (Callovian) –  
Holocene

Superfamily Sergestoidea Dana, 1852 Early Cretaceous (Aptian-Albian) – 
Holocene

Luciferidae De Haan, 1849 Early Cretaceous (Aptian-Albian) – 
Holocene

Sergestidae Dana, 1852 Early Cretaceous (Aptian-Albian) – 
Holocene

† extinct, * extant only
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Riou, 1991; Garassino & others, 2014; 
Alcencar & others, 2018); the earliest 
extinct forms and the extant forms inhabit 
deep, offshore environments (Charbonnier 
& others, 2010; Tavares & Martin, 2010). 
The Luciferidae, only known from three total 
genera, have a fossil record extending into 
the late Early Cretaceous of Brazil (Saraiva 
& others, 2018). Luciferidae are special-
ized, planktonic forms in modern oceans 
(Tavares & Martin, 2010) that, despite 
their unusual form, are cosmopolitan and 
locally abundant (Poore & Ahyong, 2023). 
Sergestidae first appeared in the Middle 
Jurassic (Bravi & others, 2014) and are 
known from a few Cretaceous occurrences 

(Maisey & De Carvalho, 1995; Garassino 
& Schweigert, 2006). Both Luciferidae 
and Sergestidae were hypothesized to have 
diverged from one another in the Carbon-
iferous (Wolfe & others, 2019); however, 
fossils do not yet support this early diver-
gence. Extant sergestid shrimps are pelagic in 
offshore environments (Poore & Ahyong, 
2023). Thus, Dendrobranchiata, although 
not abundant as fossils, has an established 
record for both extinct and extant groups 
throughout the Mesozoic and Cenozoic. It 
is notable that extant forms often inhabit 
environments that are not readily fossilizable, 
such as outer shelf, slope, and abyssal areas 
(Poore & Ahyong, 2023).

1 2

3 4

5

6

ShrimpEvol4. 1, Aciculopoda mapesi Feldmann & Schweitzer, 2010 holotype USNM 540766;
2, Devonostenopus pennsylvaniensis Jones & others, 2014, holotype CM 39653; 3, Blaculla
sieboldi Oppel, 1862, BSPG AS I 973, holotype, arrow indicates multiarticulate carpus of �rst
pereiopod; 4, Hefriga serrata Munster, 1839, BSPG AS VII 722, arrow indicates caridean second
pleonite; 5, Udora brevispina Munster, 1839, holotype BSPG AS VII 725; 6, Aeger insignis
Oppel, 1862, BSPG AS I 960, syntype, arrow indicates spinose third maxilliped, scale 2, 1 mm, all
other scales, 1 cm.    

6

Fig. 4. 1, Aciculopoda mapesi Feldmann & Schweitzer, 2010, holotype USNM 540766; 2, Devonostenopus penn-
sylvaniensis Jones & others, 2014, CM 39653; 3, Blaculla sieboldi Oppel, 1862, BSPG AS 1973, arrow indicates 
multiarticulate carpus of first pereiopod; 4, Hefriga serrata Münster, 1839, BSPG AS VII 722, arrow indicates 
caridean second pleonite; 5, Udora brevispina Münster, 1839, holotype BSPG AS VII 725; 6, Aeger insignis Oppel, 
1862, BSPG AS 1960, arrow indicates spinose third maxilliped. Scale bar for 2 = 1 mm, all others = 1 cm. 
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The early appearance of the dendrobranch 
lineage was considered important in the 
evolution of large-bodied shrimp that are 
farmed for food in modern oceans because 
it is an ancient lineage apparently adapted to 
cooler waters in a warming world (Robalino 
& others, 2016). Vereshchaka (2017) 
speculated that colonization of dysphotic 
and aphotic environments by deep-sea 
shrimp probably occurred in the Ceno-
zoic. However, the environments of the 
Callovian La Voulte, as well as the Santo-
nian Sahel Alma locations, were at least 
dimly lit, if not aphotic; thus, the fossil 
record suggests such adaptations by at least 
the Middle Jurassic (Charbonnier, 2009; 
Charbonnier & others, 2017). Sergestidae 
inhabit outer shelf to slope habitats up to 
about 1400 m (OBIS, 2023b) or are plank-
tonic (Tavares & Martin, 2010), but their 
fossils are known from coastal environments 
(Saraiva & others, 2018). Thus, the timing 

of the colonization of deeper environments 
by dendrobranch families requires further 
investigation.

Vereshchaka, Kulagin, and Lunina 
(2021) reported that Benthesicymidae 
demonstrated coevolution of characters 
related to reproduction, such as the petasma, 
rarely to fossilized (see Audo & Charbon-
nier, 2013), and of potentially fossilizable 
characters of the carapace and pereiopods 
related to feeding. Extant members are deep 
benthic or planktonic (Tavares & Martin, 
2010; Poore & Ahyong, 2023), which are 
environments not readily fossilizable. Thus, 
as the fossil record improves, it might be 
possible to test the timing of this coevolution 
using the fossil record.

A remarkable case study for dendro-
branch shrimp is the Solnhofen fauna. These 
fossils are widely known and incredibly 
diverse, including more genera and species 
of dendrobranch shrimp than any other 

ShrimpEvol5. Phylogenetic relationships of shrimp groups, from analyses of 1, Burken-
road (1963); 2, Abele & Felgenhauer (1986), Schram & Dixon (2004) and Dixon & others
(2003); 3, Christo�erson (1998); 4, Porter & others (2005); 5, Bracken & others (2009a);
6, Bracken & others (2009b). Wolfe & others (2019) recovered similar topology to 1
except with Caridea + Procaridea on branch indicated with arrow. Adapted from
De Grave & Fransen (2009, �g. 2).

Fig. 5. Phylogenetic relationships of shrimp groups, from 1, Burkenroad (1963); 2, Abele & Felgenhauer (1986), 
Schram and Dixon (2004) and Dixon, Ahyong, and Schram (2003); 3, Christofferson (1998); 4, Porter, 
Pérez-Losada, and Crandall (2005); 5, Bracken, De Grave, and Felder (2009); 6, Bracken & others (2009). 
Wolfe & others (2019) recovered similar topology to 1 except with Caridea + Procaridea on branch indicated with 
arrow. Adapted from Fransen & De Grave (2009, fig. 2). 
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location. In a similarly diverse occurrence, 
the lagerstätten of the Late Cretaceous of 
Lebanon have yielded numerous genera and 
species. These two sets of deposits make up 
a very large proportion of the dendrobranch 
fossil record, and each will be discussed in 
subsequent articles planned for publication 
as part of Treatise Volume R. These two sets 
of lagerstätten document significant radia-
tions among dendrobranch shrimp in the 
Late Jurassic and Late Cretaceous (Fig. 1).

STENOPODEA
This infraorder, composed of 13 extant 

genera, has a sparse fossil record (Table 2;  
Fig. 1, Fig. 2, Fig. 3). Stenopodea has 
been recovered as sister to the caridean 
shrimp, in a clade sister to all other deca-
pods (Tsang & others, 2008; Wolfe & 
others, 2019) or as the sister group to all 
nonshrimp decapods (Tan & others, 2018; 
Wang & others, 2021) (Fig. 5). Stenopodea 
includes one of the oldest known decapods, 
from the Mississippian of Pennsylvania, 
as well as a Late Jurassic Solnhofen genus 
and Late Cretaceous occurrences in China 
and Lebanon (Schram & others 2000; 
Garassino, 2001; Jones & others, 2014; 
Winkler & others, 2021) (Fig. 2, Fig. 4.2). 
There are only three genera known from the 
fossil record. Thus, little can be said for the 
evolutionary history of the group, based on 
fossils, other than that the infraorder is one 
of the earliest appearing in the fossil record. 
Extant members inhabit rocky or muddy sea 
floors, often in reefs, on rubble, or in caves, 
and may exhibit mutualistic or commensal 
habits (Goy, 2010). Some are cleaners for 
fishes, and commensal relationships with 
siliceous sponges are common (Goy, 2010). 
Some members of the group inhabit glass 
sponges in deep water, and another group 
lives in anchialine caves (Poore & Ahyong, 
2023), which are environments not likely 
to fossilize. Fossil occurrences are all in 
shales or lithographic limestones, so direct 
comparison of extinct habitats with those of 
extant members remains difficult.

PROCARIDEA
Procaridea sensu stricto has no fossil 

record (Table 2; Fig. 1). Procaridea is 
predicted to have diverged from its sister 
taxon Caridea in the Carboniferous (Tsang 
& others, 2008; Wolfe & others, 2019; 
Wang & others, 2021). A key diagnostic 
feature of Procaridea is the lack of chelae on 
all pereiopods; thus, those extinct shrimp 
genera appearing to lack chelae are currently 
referred to this infraorder (Felgenhauer & 
Abele, 1983; Fransen & De Grave, 2009). 
Udora Münster, 1839, apparently lacks 
chelae, is currently referred to Procaridea, 
and is known from Middle and Late Jurassic 
rocks of Europe (Schweitzer & others, 
2023) (Fig. 2, Fig. 4.5). Members of Udorel-
lidae Van Straelen, 1925, also appear to 
lack chelae, based on examination of mate-
rial in BSP, Munich; thus, this monotypic 
family is referred to Procaridea. All the fossil 
occurrences are in marine sediments. Extant 
members of the family inhabit anchialine 
environments globally (Bruce & Davie, 
2006). It is unknown as to when this shift 
in habitat occurred, nor is it known whether 
the lack of chelae is a convergent character, 
so that the fossil groups are not actually 
related to Procaridea at all. Compounding 
interpretation of procarids in the fossil 
record is Pleopteryxidae, a monotypic family 
currently referred to Caridea but that lacks 
chelae entirely or only has pereiopod one as 
chelate (Schweigert & Garassino, 2006; 
Schram & Koenemann, 2021), depending 
on interpretation of material. Is it a procarid? 
Preservation of the material is not sufficient 
at this time to determine.

CARIDEA
Caridean shrimp have a sparser fossil 

record than Dendrobranchiata, with about 
half the number of genera. They are nearly 
always recognized by having a shrimp-like 
facies with pleonal somite two overlap-
ping both somites one and three (Fig. 4.4).  
A sizable proportion of extant forms inhabit 
reefs (Davis & others, 2018), and many are 
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freshwater inhabitants (Wicksten, 2010; 
De Grave & others, 2015b). Neither of 
these environments is conducive to fossil-
ization of weakly sclerotized organisms. In 
addition to the small number of caridean 
fossils, an outsize proportion of the fossil 
genera are assigned to Caridea incertae sedis 
or Palaemonidae (Schweitzer & others, 
2023) (Fig. 1, Fig. 2). Because morpho-
logical characters defining caridean families 

often are based on mouthparts, antennal 
features, fusion of pereiopod segments, and 
development of multiarticulate appendages, 
they are difficult to observe in fossils, prob-
ably because of poor preservation potential.

Caridea and Procaridea were recovered  
as diverging in the Pennsylvanian, with 
crown carideans appearing by the Late 
Triassic (Wolfe & others, 2019). Varying 
times of origin for caridean shrimp lineages 

Table 2. Procaridean, stenopodean, and caridean shrimp and their ranges.

Taxon Range
Infraorder Stenopodea Claus, 1872 Devonian-Mississippian - Holocene
Stenopodidae (=Spongicolidae,  
   Macromaxillocaridae)

Devonian-Mississippian - Holocene

Infraorder Procaridea Chace & Manning, 1972 Late Jurassic (Kimmeridgian) -  
Holocene

*Procarididae Chace & Manning, 1972 Holocene
†Udorellidae Van Straelen, 1925 Late Jurassic (Kimmeridgian)
Infraorder Caridea Dana, 1852 Late Triassic (Norian) - Holocene
Superfamily Alpheoidea Rafinesque, 1815 Late Cretaceous (Santonian) –  

Holocene
Alpheidae Rafinesque, 1815 Oligocene (Chattian) – Holocene
*Barbouriidae Christofferson, 1987 Holocene
*Bythocarididae Christofferson, 1987 Holocene
Hippolytidae Bate, 1888 Late Cretaceous (Santonian) –  

Holocene
*Lysmatidae Christofferson, 1987 Holocene
*Merguiidae Christofferson, 1990 Holocene
*Ogyrididae Hay & Shore, 1918 Holocene
*Thoridae Kingsley, 1878 Holocene
*Superfamily Campylonotoidea Sollaud, 1913 Holocene
*Bathypalaemonellidae de Saint Laurent, 1985 Holocene
*Campylonotidae Sollaud, 1913 Holocene
Superfamily Crangonoidea Haworth, 1825 Late Cretaceous (Cenomanian) – 

Holocene
Crangonidae Haworth, 1825 Late Cretaceous (Cenomanian) – 

Holocene
Glyphocrangonidae Smith, 1884 Late Cretaceous (Cenomanian) – 

Holocene
Superfamily Oplophoroidea Dana, 1852 Early Cretaceous (Berriasian- 

Valanginian) - Holocene
*Acanthephyridae Bate, 1888 Holocene
Oplophoridae Dana, 1852 Early Cretaceous (Berriasian- 

Valanginian) - Holocene
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The oldest confirmed caridean shrimp are 
from the Triassic; these are mostly unplaced 
at the family level (Pinna, 1974) (Fig. 1, 
Fig. 2, Fig. 3). A few families are known 
from Tithonian Solnhofen-type limestones, 
including Alvinocarididae and Palaemon-
idae (Schweitzer & others, 2023). Davis 
and others (2018) predicted a timing of 
origin for these two families in the Triassic 
and Jurassic, respectively. Alvinocarids are 

have been predicted based on molecular 
and Bayesian methods. All extant fami-
lies have been predicted to have arisen by 
the Late Jurassic (Davis & others, 2018), 
and diversification of caridean shrimp was 
inferred to have begun in the Triassic (Davis 
& others, 2018; Wolfe & others 2019). 
Nearly all recognized extant families have 
been recovered as monophyletic (Davis & 
others, 2018).

Table 2. Procaridean, stenopodean, and caridean shrimp and their ranges.  (Cont’d)

Taxon Range
*Superfamily Bresilioidea Calman, 1896 Holocene
*Agostocarididae Hart & Manning, 1986 Holocene
*Alvinocarididae Christofferson, 1986 Holocene
*Bresiliidae Calman, 1896 Holocene
*Disciadidae Rathbun, 1902 Holocene
*Pseudochelidae De Grave & Moosa, 2004 Holocene
*Superfamily Nematocarcinoidea Smith, 1884 Holocene
*Eugonatonotidae Chace, 1937 Holocene
*Lipkiidae Burukovsky, 2012 Holocene
*Nematocarcinidae Smith, 1884 Holocene
*Rhynchocinetidae Ortmann, 1890 Holocene
*Xiphocarididae Ortmann, 1895 Holocene
Superfamily Palaemonoidea Rafinesque, 1815 Late Jurassic (Tithonian) – Holocene
*Desmocarididae Borradaile, 1915 Holocene
*Euryrhynchidae Holthuis, 1950 Holocene
Palaemonidae Rafinesque, 1815 Late Jurassic (Tithonian) – Holocene
*Typhlocarididae Annandale & Kemp, 1913 Holocene
Superfamily Pandaloidea Haworth, 1825 Late Cretaceous (Cenomanian) - 

Holocene
*Chlorotocellidae Komai & others, 2019 Holocene
Pandalidae Haworth, 1825 Late Cretaceous (Cenomanian) - 

Holocene
   Unplaced in superfamily or  

monotypic superfamily
Atyidae De Haan, 1849 Early Cretaceous – Holocene
Pasiphaeidae Dana, 1852 Oligocene - Holocene
*Physetocarididae Chace, 1940 Holocene
†Pleopteryxidae Schweigert & Garassino, 2006 Late Jurassic (Tithonian)
*Processidae Ortmann, 1896 Holocene
*Psalidopodidae Wood-Mason & Alcock, 1892 Holocene
*Stylodactylidae Bate, 1888 Holocene

† extinct, * extant only.
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typical of deep marine environments (Bauer, 
2004) and are usually associated with mid-
ocean ridges or hydrothermal vents (Sun & 
others, 2018; OBIS, 2023a). The shallower 
water Jurassic fossils should be confirmed as 
members of the family. Palaemonidae has a 
robust record for Caridea, found throughout 
the Cretaceous and Cenozoic, although it 
must be noted that many genera are placed 
within this family because of their clear lack 
of apomorphies of the numerous extant cari-
dean families (Schweitzer & others, 2023) 
(Fig. 1). About one-quarter of fossil caridean 
genera have been referred to Caridea incertae 
sedis (Schweitzer & others, 2023). Confir-
mation of Palaemonidae as the correct family 
placement for genera currently referred to it 
and determination of family placements for 
those taxa currently placed incertae sedis 
would greatly enhance our understanding 
of caridean evolution.

Only an additional handful of extant 
caridean families are known from the fossil 
record, aside from Alvinocarididae and 
Palaemonidae (Schweitzer & others, 2010) 
(Fig. 1, Fig. 2, Fig. 3). Confirmed extant 
families in the fossil record include Alphe-
idae, predicted to have originated in the Late 
Triassic (Davis & others, 2018). The earliest 
confirmed alpheid fossils are much younger, 
Oligocene, from claw tips recovered from 
both Europe and North America (Hyžný & 
others, 2017, 2018). Now that these fossils 
are recognized as alpheid claws, it seems 
likely that more will be reported from the 
fossil record (Feldmann, Schweitzer, & 
Phillips, 2019). Some alpheids may inhabit 
axiid or gebiid burrows (Bauer, 2004; Wick-
sten, 2010), and alpheid claw tips could 
be sought that are associated with burrow 
trace fossils. Alpheid claws and otoliths of 
gobiid fishes found associated in middle 
Miocene rocks of Poland suggest that this 
well-documented symbiosis between these 
animals had appeared by at least that time 
(Radwańska, 2018).

Crangonidae,  Glyphocrangonidae, 
Hippolytidae, and Pandalidae are recorded 
from the Cretaceous of Lebanon (Char-

bonnier & others, 2017), and the clades 
containing each family were all predicted to 
have diverged during the Triassic (Davis & 
others, 2018). Today, Crangonidae inhabits 
cool temperate to Arctic benthic areas, but 
it also inhabits both shallow and deeper 
environments in lower latitude areas (Han 
& Keesing, 2018; Bauer, 2004). This lati-
tudinal and temperature preference seems 
to have been present by early Eocene time, 
with occurrences in Denmark and northern 
Russia in the Eocene and Miocene, respec-
tively (Garassino & Jakobsen, 2005; 
Garassino, Pasini, & Nazarkin, 2021).

Glyphocrangonidae is monogeneric in 
modern oceans, in bathyal to abyssal, benthic 
environments most commonly in the Indo-
Pacific (Bauer, 2004). This deep environ-
mental preference may help to explain its 
poor fossil record. However, its occurrence in 
shallow water photic to potentially dysphotic, 
deeper conditions in the Late Cretaceous is 
notable (Charbonnier & others, 2017). 
The timing of the change in environmental 
preference for Glyphocrangonidae currently 
is not constrained. Hipplytidae are quite 
diverse in habitat preference in modern 
oceans, mostly benthic on rocks, algae, sea 
grasses, or other invertebrates generally on 
the continental shelf (Bauer, 2004), and may 
not be monophyletic, as currently construed 
(Davis & others, 2018). The sole fossil 
occurrence is in dysphotic environments 
of the Late Cretaceous (Charbonnier & 
others, 2017). Pandalidae is largely boreal 
in distribution, and lower latitude forms 
inhabit deeper waters; they are benthic or 
pelagic, sometimes both (Bauer, 2004). The 
Late Cretaceous occurrence of Pandalidae is 
in photic shallow, equatorial waters (Char-
bonnier & others, 2017). Thus, it seems 
that many caridean families originated in 
environments different from those in which 
extant forms are found.

Only one extinct family so far has been 
erected for Caridea, Pleopteryxidae, from 
the Tithonian of Germany (Schweigert & 
Garassino, 2004). Other families reported 
as fossils include Oplophoridae and Atyidae, 



Evolutionary History of Decapod Groups: Shrimp 13

pereiopods that might indicate a symbiotic 
relationship in which the shrimp is anchored 
to a surface. These include modifications 
for hooking or gripping, which might be 
observable in fossils (Chow, De Grave, 
& Tsang, 2021). A reduction in carapace 
ornamentation was suggested to be a marker 
of symbiotic palaemonids as compared to 
free-living relatives (Frolová, Horká, & 
Ďuriš, 2022). Examination of fossils with 
respect to these features might help constrain 
timing of origination of these relationships.

INTERSPECIFIC 
ASSOCIATIONS

In the fossil record, the identification of 
interspecific relationships is rare, whereas 
competition, commensalism, mutualism, 
predation, and parasitism have a great influ-
ence on the evolution and coevolution of 
species (Robin, 2021). Present-day shrimps 
show very diverse epibionts such as algae 
(Colorni, 1989), cirripeds (Dawson, 
1957), bryozoans (Giri & Wicksten, 
2001), hydrozoans (Widmer, Cailliet, 
& Geller, 2010), bivalve mollusks and 
isopods (Itani, Kato, & Shirayama, 2002), 
bacteria and diverse unicellular organisms 
(Fernandez-Leborans, 2010), and also 
cysts of trematodes (Jayasree, Jankiram, & 
Madhavi, 2001).

The fossil record of dendrobranchiate 
shrimps has yielded only three confirmed 
intimate associations: epibiotic bacterial 
colonies on Middle Jurassic solenocerid and 
aegerid shrimps (Robin, Petit, & Char-
bonnier, 2015), swellings on Early Creta-
ceous penaeoidean shrimp attributed to 
epicaridean isopods (Lima & others, 2023), 
and sponge gemmules on Late Cretaceous 
carpopenaeid shrimp (Petit & Charbon-
nier, 2012). In the first case, the calcifying 
bacteria formed colonies nested in the cuticle 
of both carapace and pleon, and the rela-
tion is close to parasitism (Robin & others, 
2015). This relation was first identified in 
the fossil record and subsequently in extant 
penaeids. In the second case, the epicaridean 

but these should be verified by examination 
of type material. They are each sporadically 
recorded in the fossil record (Schweitzer 
& others, 2023) (Fig. 1, Fig. 2).

An occurrence of caridean shrimp that is 
noteworthy is in the lithographic deposits 
of Lebanon, of Cenomanian and Santonian 
age, with five genera and species. Nine genera 
and 19 species of caridean are reported from 
the Solnhofen limestones. These occurrences 
will be discussed in subsequent articles 
planned for publication as part of Treatise 
Volume R.

Caridean shrimp are remarkable in exhib-
iting multiarticulate podomeres on various 
appendages, usually the carpus of pereiopod 
two (Bauer, 2004; Wicksten, 2010) (Fig. 
4.3). This is not known in Decapoda outside 
of the shrimp, and it is recorded for only one 
dendrobranch family, Carpopenaeidae. The 
multiarticulate nature of the carpus, as well 
as the number of articles, is diagnostic for 
many families within Caridea (Wicksten, 
2010). The multiarticulate carpus is distinc-
tive in the extinct caridean genus Blaculla 
Münster, 1839, so the character has existed 
since at least the Late Jurassic (Fig. 4.3). The 
nature of the multiarticulate carpus can be 
quite variable, ranging from a few articles 
to over a dozen (Wicksten, 2010). Schram 
and Koenemann (2021) attributed the 
remarkable biodiversity of carideans to their 
broad variation in chela types and gastric 
mill structures, as well as their ambisexuality 
and eurytypic osmoregulatory adaptations. 
We wonder why this lineage is so variable, 
yet also monophyletic? Sadly, the poor fossil 
record of carideans makes testing hypoth-
eses about their origination and evolution 
difficult. 

Many extant caridean shrimp exhibit a 
symbiotic lifestyle, which evolved multiple 
times independently, and occurs predom-
inantly in Alpheidae and Palaemonidae 
(Davis & others, 2018; Frolová, Horká, & 
Ďuriš, 2022). The poor fossil record of cari-
deans precludes testing the timing of appear-
ance of symbiosis in these lineages. However, 
there are some features of the dactyls of the 
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isopod was classically located in the bran-
chial chamber, and the relation is clearly 
parasitism (Klompmaker & others, 2014). 
In the third case, the sponge gemmules were 
fixed on the rostrum of the shrimp, and the 
relation is close to phoresy: the shrimp does 
not appear to obtain any advantage, whereas 
the sponge (via gemmules) is transported, 
which contributes to its dispersal.

FRESHWATER SHRIMP
The vast majority of shrimp occurrences 

in the fossil record are marine, but up to 
22% of extant caridean shrimp species are 
found in freshwater (De Grave & others, 
2015b; Ahyong & Huang, 2020). Seven 
extant families of Caridea are known from 
freshwater, and two of these have fossil 
records. Palaemonidae occurs in freshwater 
habitats as early as the late Early Cretaceous 
in South America (Schweitzer & others, 
2018) and China (Garassino & others, 
2002). Younger fossils attributed to the 
family occur in the Eocene of Wyoming, 
USA (Feldmann & others, 1981), and 
Europe (de Mazancourt, Wappler, & 
Wedmann, 2022), and in the Oligocene of 
South America (Martins-Neto & Mezza-
lira, 1991). Atyidae appeared in Europe 
by the Early Cretaceous. Although some of 
the fossil occurrences of atyids have yet to 
be confirmed as members of the family, the 
deposits that contain them are typical of fresh 
water (López-Horgue & Bodego, 2017). 
The fossil record of freshwater shrimps is 
very sparse but some remarkable Cenozoic 
deposits yielded caridean shrimps, most 
of the time originally living in lacustrine 
paleoenvironments (e.g., Eocene of Messel, 
Germany; de Mazancourt, Wappler, & 
Wedmann, 2022). Freshwater invasions 
were considered to promote diversity among 
carideans (Davis & others, 2018); however, 
too little is known of the caridean fossil 
record to suggest timing of diversification or 
paleobiogeographic patterns for these fresh-
water invasions. One dendrobranch species 
was reported from freshwater deposits of 

Cenomanian age in Morocco (Garassino, 
Pasini, & Dutheil, 2006); that occurrence 
is currently being reevaluated. Thus, only 
caridean shrimp have been found as fossils 
in freshwater deposits at this time.
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