
I P FondEional Moyphalssy aml Pala contsba 

nyetebyato s Coole18KPIZO| 

UNIT-L 
Jaxommy An orRansgms occwpia a pauti calaAY 

placo) pogtion in the Syekam o Cassicakion 
s Knoun a taXa, TaKonomy yatexs to Ccutotn 

Tudas and prinupls ot ideatifitation, Uomonla 

tuyo and lassitictisn oorganisms.The branch 

o+knouweclqg daaing with thaso aspatks is vadey 

-ol to a katonmy, arrangcd in an eltionary 

SCque ysm Simplity to ComplCiky 

Systematies and Takoomy , 

Systamakies js the Scionde that desds wth disoxsikg o 

Oganisms andd theiy 
ompayative 

oud 
Oowtisnary 

yodationships and qrsuPIng 
osYA(andGFmS at ayery 

Rela ot 
adasiticatisn vight fvom Spcuia to H Lirmdom 

8Yoops 

A Jivins ovganismg 
ar 

classticdl 
inko Vayi gus roogs 

bau on 4heir 
ehaateristies 

accoyolir8
pvinuplas 

oiocnti 
4itation, 

nomanclatuse 
and 

claHiticatisna

Ths byanch ot stuoly is kngun ad taxo omy 

Xo homic Hijoyenhu 

Taxonomic 

hiosaychy IS 
theCAa8Ifitation 

>ogaNNsg 

1na dofinika 
squance o} taegoyis 

(toxoomic Cote 

govicg) in a 
dagcending 

ordley Staytirg 4rom Kingdom 

Ond Tcaahang vpto Specias 
OY an 

aLenoing 
order 

Yom spoia s kingdom 



2 
* Eauh taxonomid Ceuteqoru is qctevycc ts al taKan Cpleral toxa), ukih is a unik s aitickisn and Cpyasetg ang Jayd st gropingorganisms.Thc.commun Cctegorics c 
Specas1s a 1ocP ot inoividuals with Simay morph 
ongjeal chevattors.cuhich axo akle byced among 
themgelyeg ad Proouuttheir ouon Kind 
Granus -is the 4ivst hghex (ataaaxy akave tis cipaLias 

aNalitis qroup ot spoLg uhicdh oxo dahecl and hon 

ewex chaKat oxs in (ommon as Comporl o speuia. 

*family -incladlung ond o moya yelateel qencya, 

dittercntiatacl yom othey Tolatod amilies by catai 

honautovisticoitterenc@s 

oYOY -is an a&gemblag amilis yoscmbling 

one anather in aw Cnaycauters, Th@sCharauters are 

Jass Similay as compayee fo ChaYaUtexs s mony gene 

Ya placc in a domily 

Casg_inoes onc oY mora relata ovders 

phyw Division)- inclods all ovganuSms blonging 

to iltoY at classOs having a tau Common Chayaters 

Botandsts Use tho. tom olivision toY phylom 

Ringoom -
incudes al ovgansmg 

that Chor c a get 

odistigOishina 
Common 

Conatkeys plants are pU 

ID Alant tcingolo m 
wile ani matlg Ore indludas in 

CAnAmal 
Kingolom.ts is the ghst faxonomil cate 

T 

ayo Us0fod in idantili cation aol 
lagtifitatontoygoa| 

sm aro Coull taxsnamil aicl 
hue, 

Procaoeyag ard 
Sorcinormation 

thot 



3 

Binomia Nomcnclature-tuo-twm amiog 
System adss allccd biominal omenclatore 

O-name naming g4dtem" ) oY binary omendt 
Uxe, is a #ovma g9dfam ot naming speias o i 

things by giving adh a name Composeel o tus pants 

both hch oxe ioatin qyommatita tovms, alths 

the Can be bajasl on ugvdd rom dthex danguagC8 

Sush a hoama is calas a binsmial nom(auhih m 

e ghos encd Ao Justinonial"), a aomon binomrad 
hama sY Eontitie nom mus indoyrocull y itis 

aAo Callco e Latin mamo h binomtal nomenca 

tuya was propogccl by innateus (F37), 

Roles ol nomencdature -

A biodogist rs m all ove tha usdal daloug a 

Ooym set priniplag toY namog the oganismg 

There aya two 
intexnatisnat 

cdes uhth are aqrocd 

pon by all the bislogigts oey the ontiyo 0xld 4oy 

henaming 
prstocod. 

They arKa 

nkeY nat ignoa nde 
oRotonica 

Omendatur 

cBU)-gccsls 
uith the biologital 

omcndlatUY 

4oY plants 
nkovnationa 

Coole al zsdsgtca 
NamencJoturo 

TCZN)-D eals with the bisdsgica 
normandature 

oanimals 

Those Codas ake Sora thout CoUh ogansm gts 

a Spoufic 
name is globaly 

identiiool 



4 
* A Ah anumols must bnamcdl by {uo uuodS 

- biomic. "The gsbepocios Can be namadl by Hhrce 
wOrdds-triomia. 

*In CaS Seyaya amas haye becn given toa Siale 

animal by ditteroat suiontists. the Calicat 

name is to be considayeol valid-The dwplicate 

Namas axa Colodl Synonymg 

*Scientitic namas Sould be derivel sm atin. 

The nuS name is a singde usvdTt mugt Bagin 

with a Capital dktax 

The SpoCROS ame may be Singlo oCompso d sJOd 

at must begin witha louoY Jatkoy. 

*The cientilic Name sioulat be printcsl in ikai 

is hand wittan sx Aypoolk must be Odey 

incd to indicate talies 

*Tha name o the autihoY, sslho tinst poblichos th 

ame Shoul ou the spaiO nam 

F8 Ranat tgrina aud 

*whan the name is hangcod the origim authoYg 

nama 1S ivn in parantheses 

* The name st t tamily is dexivsd by adding 

doa fs tne name ot th qenus. T panogoma 

dac.The name of the solb-tamily is doNIYOl 

sy adding ina Eg EygJangiouina 

Thmportant oBsmi womendatuYC Hharaam 

mi ns speuio organisms 
oshibuad throyh 

-Out tta UOTdo FUTthoY mOro tho gam0 OsgaSMS 

OC Kngwn by diffarornk nam@j aroud tLuord 



ano tus an Ccuuge ContUSpn uuhen ying 40 

identi4y (ovi cdassity. tence binomial nomendlatun 

was seen as a viable solution to tis problem. 

4 Biolagital cdassiication- 
Since the dawn o tiyilication, there hawe been many 

outkompts to clasSity laving ovaanisms it un dond 

1n8inctivoly rot Usi ng teqia that ueYe gtiontii 

oE eosna out ot a nacol to use oYganismS sY Oy 

Own oga- fov tasol, shaltey and dloting Aristo Ea 

a the Qarliagt ts euttompt a moye gciert ba 

SsO dassricio n.H Osol stmale movpholog 

Cal eharact ors to dagity plants int 4rocs shsubs 

Lnol hexs. Healo 
diviolaol 

animals inks tuG RYB 

those which haol <ocl blsssl anol thosa thout olid not 

n a Gbroxy oy a stoYe, all the artidag ara 

Oleydy ayang cel, This ovdcr halps in tiolung 
the 

9Atthing in xi9ht 
pla(e,Tt 

UCKOnS 
he uoy 

Cnc auOiols 
Conusion.veh 

orolerdy 
enyoungamont 

13 Czallcol cJassi icetion 

Natuyal clarsIticauton 

Astii al cla8iiectisn 

QU 1) pyouticcl das8 iicestion. 

NwatUTa dasticontion 

NOtuyou 

CAagsiticotion 

is 
baal on OY pho 

dgica 
Similaritio8 

ano 
Common 

ancegtry.tis

S98fom ot 
dasifiation 

is ollowcal in Hha ild a 

23ulsgy, 
the folUlouing 

corauteys oxa Corsideyocl 



xMOYphslsg ical simiauu.ty 

* Common ancesry 
Metamism 

*leyels ot oxganization 
Unue fcoutuyg dire 

Symmekry 
NCmotsytas in platyhelm 

nthas pedicellania in 

Fcinodlex ms ete --. 

Coolom 

Nombey fgexm Jauyeuy 

) Artiiual dasifiation 

This dosiiation is bajed on the tlowina taukors 

Anmals aye dassiic btc an thei habit ,habi.tat 

Psy oxample, animals axe dagsitio nts ovipanous 

OAnol iNI peYOUS ano Thay aoesAasitio into harbw 

TO3 
CaxnavoYOS eno omnuvayay Sn he basis o thady 

oOd habits. ao bascol on the pdacay uwhera thay 

iv Psy eam ple, aguatic, 
toreskrial 

and acrial, 

t) pradticce dasgfiation 

This 
lassticostign is boco on the UEliy otandm 

as to man. Eg Rnimal are 
dlaAiticol into hoxm4u 

enimal ond use4ul 
animalS.

Simiardy thay ere 

agii ad into 
cdibic 

animal 
and înddibla animals 

4) Tun ingdom lasicautis n 

annacsUS geve thetuo lkng ola m Sgskem of 

Cdassificotion CowmPrising o kingooms plauntac and 

Anu malio inadams uas oavelopa thaut inckoded 

al plonks anol animaly Tespectaay tis Sg3fam 

was 08co til y@xy yocently Tie Syefem oliol nst 

ols tinguigh betuvoeon the oUKaYyo Es ao pyokauo 

Os Oniceluloy euns muuticaUludaun organig ms 

Qnd phstosynthetie anol 
non-hskagynthukicfugd 



OYgancms -claatitation ooYganisms into plants 
and animals was easiy dona. ansl cuas asj to 

Undarstoand. but a Sarge numbas ot organdsms olic 

ot ald into oithex CategoYy-Honce 4he tuo ingdom 
latificatisn Used y a kong tima uwa fourd inodlag 

oata. A nOcd oaS alss talt for jndudinq.basidcs 

rass msyphoogy. othx ehorausaristius Jtka coll stoct 

TUra.natuyo ot uall, moda ot nutrition.habiteut 

mothool sToprduction, avalutionary Tdlatisnghips 

eke- clasitiction 34stams o thsvig ovganisms 

henc Undexgone geycral changas ovOy tim. 

Five ingdom casitiaisn , -

RH-whitkakoy 1969 propsscol a fiva Kingdom das 

ication. The kingelom etinal by him uucye amcel 

Mon@ya, PYotistaFUngi, plauntac or Arumalia .The 

main CXi.terja foY lassidi(catisn oscd by him icluale 

&tyucture, 
theulug 

organiseukisn, modlaof nutviEi 

n Teprodludtisn am phylogenetic 
nalationships 

at us osk ak uis fiva ingdom clausifiation 

E 
OndoYStand he issuaS and 

nsidayation 
thout 

inluencce the daItication 
System. Earndior 

essiicction Systfems inckedadl bauteria,bluc qra 

ogaa.ongi 

mossegexmg.qymos 
pormg and the 

Oni 
Ahis 

whoula kangoom 
eas 

that all tha 

ys Plate 
engissporm8 

Onolex plants Tha 
Chorattar 4ha 

0Y HanLsms 
hoa a (l uall in their Collg Tis ploce 

tpg ctheyO oUps 
uch wdaly 

dtorad in othu 

Chera ttoristie 

d 



outne dasiyication oAnmas Xing elom 
All the and mals o the Riaspheye are ind 

Odleol in a Jorge oup ¬allac Anmou lcingolom 
oY Aninalia. Th animal Icinaolom is Suhdividd 
1nto tus Sub-kin8domg, namaly potista ard 

Mtazoa 
Anmal ng olom 

Animalia) 

Sob-ingolomS 

Sob ingdom Metazooa 

Pyotozoa 

Eumetazsd 
M280ZOa 

PaUy eUzoa 

EXpOYIcYa 

Blateria 
Raoliata EX Coclenkorata (Cruelaria 

Coolomata 
Acoalometa 

PSeooloco 

Apneliola 

Aschelmithes Axtropoola 

Makuscaa 
chinoolmata 

EX plotyhalmintha elomata 

h ootline dasiation ot 
Animalhovdata 



( Sub-kingoom 4. pyotisto 
This sub-kingolom indkuol c mICXOSCO 

pic,Unicaludon animals t contoins a singde 
phylum Lallac PYstozoa Fg'EgJena Amocba 
paneam@UUm 

Sub-ingolom 2.Mekozoa -
This Sub-Kingdom inludles multial 

uda animas Ex; poxidoya to chosodoute. Tle sbkin 

T8olon Meta2sa is dividcol ints three branthes name 

yMegozoa, Pae2oc and EUmtazsoa 

C MSzoa Byanch ) 

4s inteymediote betuween Pyoto 200 ano Mota 

ZaiE (ncdudes erolo parasiie animals.They ard 

wOY m-Jicc.The Clls aye oi44 ercntiatal into 

Somauti calls and Tepysouckiye Colls 

EXDiCyCma,Rhopalura, cke 

6payaz.oa(Branh-2) 

Includs 
sponges.Thay are mullticaw day tf 

ooyy dainad tigguog ad without ogang.phylum 

ovCya is indludcol in payaa0a 

)EUnekazoa( Byanch3) 
t inlolag true motticeUlu Jar oganims.They

hayo aya oxan and ovgan Sustem gradeOraanzation 

FX (odenterata to choxolata 
Eumetazoo is orthar dividscd into Resciata and 

Bilateria 



O 

Raakiaka (mde-1) 
at includes yadualy 3ymmtrica animals 

F Codentosraka 

ilatoriaCrsaela-a inlardes bilaterally symm 
trica animas Fa' plotyhal rnintha daka 

hsgrada Bilatoria is further dividad into thoe

oivisiong, namely acoolom.pseuslo coelomauta ad 

Coaomata (Coalemata 

Enkorocoala 

The (odlom deydlops 

by he Sputtim otmo 
-dems 

The coom daya 

-Sops romth 
ntrom(GruE) 

Phyla 
Ectopvotta 7Nolluyc Pla) 
2phovoniolec 2-Avthropada (onmch) 1 Brachiopsol a 

2- Chactognatha 

3Toroligrada 
Echinmoesmats 

3 Sipunculoidcd 

EchiUToilea 
SPiOpuida 

6-Anneloo fFouth o7 m) SPagonophoya 
6Hamuchoslau

EBalanoadoses 
yochovolatat 

EXAmphioxus 
2vestebsata 

boy wall is abgant Ex payhelminthes. Ea:Fisha, Frog 

Acoolomouta 

In twis YouP andmal3,a Coelom 

Ccviky Jying betucen 4he got ard th 

Lols tes Pigan 
Pabbit. 3 psoLolo Coalomata -

an is oupenimals,a falsc olom (Couity not 

incc with Coalomic apithaliom) is prosont 

Eg:Aschalminthes 



3. Coelomata 
n tis aYoop, a krue elom s pyogont 

EX Annalida 4o Chovdate 
The Bilateria is Aurther oiviolesl into {uo grouPS.amdy 
Protaskomia anol DoutOYOg fomia 

4 prokeNO stomi a. 

An this AToup o nimculs, +habdastopoyc dayelope 

nts the mSUth Fplaty holminthes to Molkogc 

Douterostomia- 

An tthis group an&malSHa blasto porc develoes 

no th ounus EA. Echudermata and hovolata 























































































INVERTEBRATE FOSSILS 

1. Trilobites 

Trilobites are “three lobed” extinct group of marine artiopodan arthopods that form 
the class Trilobita. Trilobites form one of the earliest-known groups of arthropods. The first 
appearance of trilobites in the fossil record defines the base of the Atdabanian stage of 
the Early Cambrian period (521 million years ago), and they flourished throughout the 
lower Paleozoic before slipping into a long decline, when, during the Devonian, all trilobite 
orders except the Proetida died out. The last extant trilobites finally disappeared in the mass 
extinction at the end of the Permian about 252 million years ago. Trilobites were among the 
most successful of all early animals, existing in oceans for almost 300 million years.  

By the time trilobites first appeared in the fossil record, they were already highly diversified 
and geographically dispersed. Because trilobites had wide diversity and an 
easily fossilized exoskeleton, they left an extensive fossil record. The study of their fossils 
has facilitated important contributions to biostratigraphy, paleontology, evolutionary 
biology, and plate tectonics. Trilobites are often placed within the arthropod subphylum 
Schizoramia within the superclass Arachnomorpha (equivalent to the Arachnata), although 

several alternative taxonomies are found in the literature. More recently they have been 
placed within the Artiopoda, which includes many organisms that are morphologically 
similar to trilobites, but are largely unmineralised. 

Trilobites had many lifestyles; some moved over the seabed as predators, scavengers, 
or filter feeders, and some swam, feeding on plankton. Some even crawled onto land. Most 
lifestyles expected of modern marine arthropods are seen in trilobites, with the possible 
exception of parasitism (where scientific debate continues). Some trilobites (particularly the 
family Olenidae) are even thought to have evolved a symbiotic relationship with sulfur-
eating bacteria from which they derived food. The largest trilobites were more than 45 
centimetres long and may have weighed as much as 4.5 kilograms 

 

Fossil record of early trilobites 

 

Redlichiida, such as this Paradoxides, may represent the ancestral trilobites 
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Meroperix, from the Silurian of Wisconsin 

 

Walliserops trifurcatus, from Jebel Oufatene mountain near Fezzou, Morocco 

 

The earliest trilobites known from the fossil record are redlichiids and ptychopariid 
bigotinids dated to some 540 to 520 million years ago. Contenders for the earliest trilobites 
include Profallotaspis jakutensis (Siberia), Fritzaspis spp. (western USA), Hupetina 
antiqua (Morocco) and Serrania gordaensis (Spain). All trilobites are thought to have 
originated in present-day Siberia, with subsequent distribution and radiation from this 
location.  

All Olenellina lack facial sutures (see below), and this is thought to represent the original 
state. The earliest sutured trilobite found so far (Lemdadella), occurs almost at the same 
time as the earliest Olenellina, suggesting the trilobites origin lies before the start of the 
Atdabanian, but without leaving fossils. Other groups show secondary lost facial sutures, 
such as all Agnostina and some Phacopina. Another common feature of the Olenellina also 
suggests this suborder to be the ancestral trilobite stock: early protaspid stages have not 
been found, supposedly because these were not calcified, and this also is supposed to 
represent the original state. Earlier trilobites may be found and could shed more light on 
the origin of trilobites. 

Three specimens of a trilobite from Morocco, Megistaspis hammondi, dated 478 million years 
old contain fossilized soft parts. 

Final extinction 

Exactly why the trilobites became extinct is not clear; with repeated extinction events (often 
followed by apparent recovery) throughout the trilobite fossil record, a combination of causes 
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is likely. After the extinction event at the end of the Devonian period, what trilobite diversity 
remained was bottlenecked into the order Proetida. Decreasing diversity] of genera limited 
to shallow-water shelf habitats coupled with a drastic lowering of sea level (regression) meant 
that the final decline of trilobites happened shortly before the end of the Permian mass 
extinction event. With so many marine species involved in the Permian extinction, the end 
of nearly 300 million successful years for the trilobites would not have been unexpected at 
the time. 

Trilobites have no known direct descendants. Their closest living relatives would be 
the chelicerates. Though horseshoe crabs are often cited as their closest living relatives, they 
are no closer evolutionarily than other cheliceratans 

Trilobites appear to have been primarily marine organisms (though some trackways suggest 
at least temporary excursions onto land), since the fossilized remains of trilobites are always 
found in rocks containing fossils of other salt-water animals such as brachiopods, crinoids, 
and corals. Within the marine paleoenvironment, trilobites were found in a broad range from 
extremely shallow water to very deep water. Trilobites, like brachiopods, crinoids, and corals, 
are found on all modern continents, and occupied every ancient ocean from which Paleozoic 
fossils have been collected. The remnants of trilobites can range from the preserved body to 
pieces of the exoskeleton, which it shed in the process known as ecdysis. In addition, the 
tracks left behind by trilobites living on the sea floor are often preserved as trace fossils. 

There are three main forms of trace fossils associated with 
trilobites: Rusophycus, Cruziana and Diplichnites—such trace fossils represent the 
preserved life activity of trilobites active upon the sea floor. Rusophycus, the resting trace, 
are trilobite excavations involving little or no forward movement and ethological 
interpretations suggest resting, protection and hunting. Cruziana, the feeding trace, are 
furrows through the sediment, which are believed to represent the movement of trilobites 
while deposit feeding. Many of the Diplichnites fossils are believed to be traces made by 
trilobites walking on the sediment surface. Care must be taken as similar trace fossils are 
recorded in freshwater and post-Paleozoic deposits, representing non-trilobite origins. 

Trilobite fossils are found worldwide, with many thousands of known species. Because they 
appeared quickly in geological time, and moulted like other arthropods, trilobites serve as 
excellent index fossils, enabling geologists to date the age of the rocks in which they are 
found. They were among the first fossils to attract widespread attention, and new species 
are being discovered every year. 

 

The study of Paleozoic trilobites in the Welsh-English borders by Niles Eldredge was 
fundamental in formulating and testing punctuated equilibrium as a mechanism of 
evolution.  

Identification of the 'Atlantic' and 'Pacific' trilobite faunas in North America and 
Europe implied the closure of the Iapetus Ocean (producing the Iapetus suture), thus 
providing important supporting evidence for the theory of continental drift.  

Trilobites have been important in estimating the rate of speciation during the period known 
as the Cambrian explosion because they are the most diverse group of metazoans known 
from the fossil record of the early Cambrian.  

Trilobites are excellent stratigraphic markers of the Cambrian period: researchers who find 
trilobites with alimentary prosopon, and a micropygium, have found Early Cambrian strata. 
Most of the Cambrian stratigraphy is based on the use of trilobite marker fossils.  

Trilobites are the state fossils of Ohio (Isotelus), Wisconsin (Calymene celebra) 
and Pennsylvania (Phacops rana). 

 

2. Ammnonoids 
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Ammonoids are a group of extinct marine mollusc animals in the subclass Ammonoidea of 
the class Cephalopoda. These molluscs, commonly referred to as ammonites, are more 
closely related to living coleoids than they are to shelled nautiloids such as the living 
Nautilus species. Ammonites are excellent index fossils, and it is often possible to link the rock layer in which 

a particular species or genus is found to specific geologic time periods. Their fossil shells usually take the form 
of planispirals, although there were some helically spiraled and nonspiraled forms (known as heteromorphs). 
Ammonoid septa characteristically have bulges and indentations and are to varying degrees convex when seen 
from the front, distinguishing them from nautiloid septa which are typically simple concave dish-shaped structures. 
The topology of the septa, especially around the rim, results in the various suture patterns found. While nearly all 
nautiloids show gently curving sutures, the ammonoid suture line (the intersection of the septum with the outer 
shell) is variably folded, forming saddles ("peaks" which point towards the aperture) and lobes ("valleys" which 
point away from the aperture). The suture line has four main regions. The external or ventral region refers to 
sutures along the lower (outer) edge of the shell, where the left and right suture lines meet. The external saddle 
lies directly on the lower midline of the shell and is edged by external lobes. On suture diagrams the external 
saddle is supplied with an arrow which typically points towards the aperture. The lateral region involves the first 
saddle and lobe pair past the external region as the suture line extends up the side of the shell. Additional lobes 
developing towards the inner edge of a whorl are labelled umbilical lobes, which increase in number through 
ammonoid evolution as well as an individual ammonoid's development. Lobes and saddles which are so far 
towards the center of the whorl that they are covered up by succeeding whorls are labelled internal lobes and 
saddles. Three major types of suture patterns are found in the Ammonoidea: 

 Goniatitic - numerous undivided lobes and saddles; typically 8 lobes around the conch. This pattern is 

characteristic of the Paleozoic ammonoids. 

 Ceratitic - lobes have subdivided tips, giving them a saw-toothed appearance, and rounded undivided 

saddles. This suture pattern is characteristic of Triassic ammonoids and appears again in the Cretaceous 
"pseudoceratites". 

 Ammonitic - lobes and saddles are much subdivided (fluted); subdivisions are usually rounded instead of 

saw-toothed. Ammonoids of this type are the most important species from a biostratigraphical point of view. 
This suture type is characteristic of Jurassic and Cretaceous ammonoids, but extends back all the way to the 
Permian. 

 

Suture Pattern in Ammnonoids 

Distribution 

Starting from the mid-Devonian, ammonoids were extremely abundant, especially as 
ammonites during the Mesozoic era. Many genera evolved and ran their course quickly, 
becoming extinct in a few million years. Due to their rapid evolution and widespread 
distribution, ammonoids are used by geologists and paleontologists for biostratigraphy. 
They are excellent index fossils, and it is often possible to link the rock layer in which they 
are found to specific geologic time periods. 
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A drawing of an aptychus which was mistakenly described as  
a bivalve and named Trigonellite latus 

 

 

Extinction 

The extinction of the ammonites, along with other marine animals and non-avian dinosaurs, 
has been attributed to the K-Pg extinction event, marking the end of the Cretaceous Period. 

Eight or so species from only two families made it almost to the end of the Cretaceous, the 
order having gone through a more or less steady decline since the middle of the period. Six 
other families made it well into the upper Maastrichtian (uppermost stage of the 
Cretaceous), but were extinct well before the end. All told, 11 families entered the 
Maastrichtian, a decline from the 19 families known from the Cenomanian in the middle of 
the Cretaceous. 

One reason given for their demise is the Cretaceous ammonites, being closely related 
to coleoids, had a similar reproductive strategy in which huge numbers of eggs were laid in 
a single batch at the end of the lifespan. These, along with juvenile ammonites, are thought 
to have been part of the plankton at the surface of the ocean, where they were killed off by 
the effects of an impact. Nautiloids, exemplified by modern nautiluses, are conversely 
thought to have had a reproductive strategy in which eggs were laid in smaller batches many 
times during the lifespan, and on the sea floor well away from any direct effects of such 
a bolide strike, and thus survived.  

Many ammonite species were filter-feeders, so they might have been particularly susceptible 
to marine faunal turnovers and climatic change.  

There have been reliable reports of ammonite fossils from the early Paleocene. The main 
fossil find of a Paleocene ammonoid is a scaphitid ident from Turkmenistan. 

 

3. Belemnites 

 

Belemnites is a genus of an extinct group of cephalopods belonging to the order 
Belemnitida. These cephalopods existed in the Early Jurassic period from the Hettangian 
age (196.5–199.6 mya) to the Toarcian age (175.6–183.0). They were fast-moving nektonic 
carnivores. 

Preservation 

                                                                                                     Belemnoids were 
numerous during the Jurassic and Cretaceous periods, and their fossils are abundant 
in Mesozoic marine rocks, often accompanying their cousins the ammonites. The 
belemnoids become extinct at the end of the Cretaceous period along with the ammonites. 
The belemnoids' origin lies within the bactritoid nautiloids, which date from 
the Devonian period; well-formed belemnoid guards can be found in rocks dating from 
the Mississippian (or Early Carboniferous) onward through the Cretaceous.                                                                            
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Other fossil cephalopods include baculites, nautiloids and goniatites. 

Normally with fossil belemnoids only the back part of the shell (called the guard or rostrum) 
is found. The guard is usually elongated and bullet-shaped (though in some subgroups the 
rostrum may only exist as a thin layer coating the phragmocone). The hollow region at the 
front of the guard is termed the alveolus, and this houses a chambered conical-shaped part 
of the shell (called the phragmocone). The phragmocone is usually only found with the better 
preserved specimens. Projecting forwards from one side of the phragmocone is the thin pro-
ostracum. 

While belemnoid phragmocones are homologous with the shells of other cephalopods and 
are similarly composed of aragonite, belemnoid guards are evolutionarily novel and are 
composed of calcite or aragonite, thus tending to preserve well. Broken guards show a 
structure of radiating calcite fibers and may also display concentric growth rings. 

Diagenetic modifications of the shells are complex. Radiating calcitic crystals are thin, or 
very large, with a shape indicative of a strong alteration. In other samples, the aragonite - 
calcite boundary is not dependent on growth lines. In a given fossil sites, some specimens 
are calcite, others are aragonite. 

The guard, phragmocone and pro-ostracum were all internal to the living creature, forming 
a skeleton which was enclosed entirely by soft muscular tissue. The original living creature 
would have been larger than the fossilized shell, with a long streamlined body and prominent 
eyes. The guard would have been in place toward the rear of the creature, with the 
phragmocone behind the head and the pointed end of the guard facing backward. 

The guard of the belemnoid Megateuthis gigantea, which is found in Europe and Asia, can 
measure up to 46 centimetres (18 in) in length, giving the living animal an estimated length 
of 3 metres (10 ft). 

 

Thunderstones 

The name "thunderbolt" or "thunderstone" has also been traditionally applied to the 
fossilised rostra of belemnoids. The origin of these bullet-shaped stones was not understood, 
and thus a mythological explanation of stones created where lightning struck has arisen. 

 

                                     

Some of the Belemnoids 

 

Uses 

The stable isotope composition of a belemnoid rostrum from the Peedee 
Formation (Cretaceous, southeast USA) has long been used as a global standard (Peedee 
Belemnite, "PDB") against which other isotope geochemistry samples are measured, for 
both carbon isotopes and oxygen isotopes. 

    Some belemnoids (such as Belemnites of Belemnitida) serve as index fossils, particularly 
in the Cretaceous Chalk Formation of Europe, enabling geologists to date the age 
the rocks in which they are found. 
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4. Nautiloids 

 

Nautiloids are a large and diverse group of marine cephalopods (Mollusca) belonging to the 
subclass Nautiloidea that began in the Late Cambrian and are represented today by the 
living Nautilus and Allonautilus. 

 

Taxonomic Relationship 

Nautiloids are among the group of animals known as cephalopods. The cephalopods are an 
advanced class of molluscs. The cephalopods also include ammonoids, Belemnites and 
modern coleoids such as octopus and squid. 

Traditionally, the most common classification of the cephalopods has been a three-fold 
division into the nautiloids, ammonoids, and coleoids. This article is about nautiloids in that 
broad sense, sometimes called Nautiloidea sensu lato. 

Cladistically speaking, nautiloids are a paraphyletic group united by shared primitive 
(basal) features not found in derived cephalopods. In other words, they are a evolutionary 
grade that is thought to have given rise to both ammonoids and coleoids. They are defined 
by the exclusion of both those descendent groups. Both ammonoids and coleoids probably 
descended from bactritids, which in turn arose from straight-shelled orthocerid nautiloids.  

The ammonoids (a group which includes the ammonites and the goniatites) are extinct 
cousins of the nautiloids which evolved early in the Devonian, some 400 million years ago. 

-The class now contains two, only distantly related, extant 

subclasses: Coleoidea, which includes octopuses, squid, and 

cuttlefish; and Nautiloidea, represented by Nautilus 

Nautiloids and Ammonoids are sub-classes (orders) of the 

class Cephalopoda. 

Modern cephalopods are marine dwellers and tend to be 

predators such as squid, cuttlefish and the octopus. One 

living Cephalopod, the Nautilius, has an external shell, a survivor from the days when cephalopods were 

extremely successful in the late Palaeozoic and Mesozoic seas. They are globally distributed throughout 

geological history. 

The variety/biodiversity shown in cephalopods makes the a useful fossil zone indicator for the Mesozoic, 

Nautilius provides valuable information on how fossil cephalopods functioned and their mode of life. 
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Key terms 

 The body chamber is the cavity where the animal lived. 

 The protoconch is the initial, embryonic shell in the centre of the coiled animal. New chambers are added 

onto this as the animal grows. 

 Septal necks are where the septa are pierced to allow the tube of soft tissue (siphuncle) through. Septal 

necks extend to support the soft tissue. 

 The septum is the wall of the chamber. This is the back wall when it is part of the body chamber. 

 A siphuncle is a continuous delicate tube connecting all the chambers. 



 
 

  TYPES  OF COILING  

Almost all Ammonoids and Nautiloids are planispirally coiled. This means that the shell coils in a single horizontal 

plane (with the diameter increasing away from the axis of coiling/centre) opposed to a helical coiling system. 

However, there are 2 forms of coiling mode: 
 

Involute coiling 

The inner coils are almost completely hidden by more recent coils. This type of coiling is demonstrated by 

Nautilius. Involute coiling results in a narrow umbilicus, and presumably a weaker shell(?). 

This type of coiling is shown by the Nautilus. 

Evolute coiling 

Describes a coiling growth opposite to involute, in which the inner coils are easily seen, they are NOT hidden by 

more recent coils, giving a wider umbilicus. 

This type of coiling is common in Ammonoids 

 
 

 Extant and fully marine 

 Often found in early Palaeozoic rocks (much, much less in recent strata). Some species of Nautiloids had 

shell ornament with spines and ribs, but most have a smooth shell. 

 Their shells are formed from aragonite. The modern Nautilus is shown below. 

The modern-day Nautilus lives in a coiled shell, which originates at a 

protoconch. 

As the organism grows in the final body chamber, it seals off older 

chambers with a wall called a septum (plural septa). These then are empty 

chambers joined by a narrow tube called a siphuncle. The siphuncle 

extends all the way back to the original chamber and can be used to alter 

the proportions of gas and liquids in the chambers. This, in turn, helps 

control the position of the organism in the water column. 

The shells of fossil Nautiloids may be either straight (i.e. orthoconic as in Orthoceras NOT BELEMNITES), curved 

(as in Cyrtoceras) coiled (as in Cenoceras). 

 A suture is a line along which the septum of the shell fuse. 

 The umbilicus is the diameter of the depression between the inside margins of the last coil. 

NAUTILOIDS 

~ Cambrian to recent (with their acme in the early Palaeozoic) 



 
 

 



  AMMONOID MORPHOLOGY  

 Ammonoids are an extinct group of invertebrates. Counter-intuitively they are more closely related to living 

Coleoids than they are to shelled Nautiloids. The earliest Ammonoids appeared during the Devonian, and the 

last species died out during the Cretaceous-Tertiary (K-T) extinction event. 

 Ammonites are excellent index fossils. It is often possible to link the rock layer in which a particular species or 

genus is found to specific geological time periods, to accuracies of just 100 000 years! 

 Their fossil shells usually take the form of planispirals, although there were some helically spiralled and non- 

spiralled forms. 

 In contrast to Nautiloids, their coiling is evolute and there may be ornament such as ribs on the exterior of the 

shell. 

 Some also have a keel, which stuck out from the outer margin and probably provided stability when the 

cephalopod was in motion. 

 Some forms have a slot in the outer (ventral) margin called a sulcus, which presumably had the same effect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  A  GOOD  METHOD FOR  DETERMINING THE  DIFFERENCE BETWEEN AMMONOIDS AND 

NAUTILOIDS.

  

 

 

1. If the internal shell/fossil 

can be observed then 

this method is useful. 

The shape of the septa 

curvature differs 

between Nautiloids and 

Ammonoids (not to be 

confused with ribs which 

are external). 

 

 

 

 

 

2. A Nautiloid shell will 

usually be smooth on 

the exterior with no 

ornament or ribbing. In 

contrast, an Ammonoids 

shell can have ornament 

and ribbing on its 

exterior. Some also have 

a keel and sulcus that 

stuck out from its outer 

(ventral) margin. 

 

 
3. Another big difference is 

that Nautiloids will tend 

to be involute producing 

a narrow umbilicus. 

Ammonoids, however, 

are commonly evolute 

with a wider umbilicus in 

relation to its size. 

Remember, this is much harder to tell is a fossil specimen has been sliced in half to see 

earlier coils. 

 

4. The Siphuncle of a Nautiloid will always connect the body chamber to the original 

chamber through the CENTRE of all previous chambers. In Ammonoids, the siphuncle 

also interconnects previous chambers but it has the tendency to run closer to the 

outer (ventral) margin rather than the centre. 



5. The sutures of Nautiloids tend to be more regular and simple 

(straight like orthocone Nautiloid cephalopods) or gently curved. 

Modern Nautilus only shows the curvature of septa. Ammonoids, 

however, tend to have complex sutures with crenulations. 

Ammonites show such frilly and complex sutures on both lobes and 

saddles that they are termed ammonitic sutures. 

 

5. Echinoderms (Echnoids) 

Echinoids have lived in the seas since the Late Ordovician, about 450 million 

years ago, which is about 220 million years before dinosaurs appeared. The 

remains and traces of these animals were buried in sediment that later 

hardened into rock, preserving them as fossils. The living representatives of 

echinoids are the familiar sea-urchins that inhabit many shallow coastal 

waters of the world. Fossil echinoids closely resemble some living sea-urchins 

which helps us to understand how they must have lived. 

 

Echinoids are one of the more diverse and successful echinoderm groups today, 
including familiar echinoderms such as the sea urchins and sand dollars. The roe 
(egg mass) of some species, notably certain sea urchins, is eaten in some cultures, 
notably in Japanese sushi; as a result, certain echinoid species are commercially 
fished. The larval development of echinoids has also been studied extensively, and 
many discoveries in developmental biology have been made using echinoids. 
Echinoids also have a substantial fossil record. 

In echinoids, the skeleton is almost always made up of tightly interlocking plates 
that form a rigid structure or test -- in contrast with the more flexible skeletal 
arrangements of starfish, brittle stars, and sea cucumbers. Test shapes range from 
nearly globular, as in some sea urchins, to highly flattened, as in sand dollars. 
Living echinoids are covered with spines, which are movable and anchored in 
sockets in the test. These spines may be long and prominent, as in typical sea 
urchins. In sand dollars and heart urchins, however, the spines are very short and 
form an almost felt-like covering. The mouth of most echinoids is provided with 
five hard teeth arranged in a circlet, forming an apparatus known as Aristotle's 

lantern. 

Echinoids are classified by the symmetry of the test, the number and arrangement 
of plate rows making up the test, and the number and arrangement of respiratory 
pore rows called petals Traditionally, echinoids have been divided into two 
subgroups: regular echinoids, with nearly perfect pentameral (five-part) 
symmetry; and irregular echinoids with altered symmetry. Regular echinoids 
include the Cidaroida (pencil urchins) and Echinoida (sea urchins, including the 
long-spined sea urchin shown above left). The Clypeasteroida (sand dollars and 
sea biscuits, above center), the Spatangoida (heart urchins, including Brissus 
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laticarinatus shown above right), and the Cassiduloida, a somewhat sand-dollar-
like group whose members are rare today, make up the irregular echinoids. 

Because most echinoids have rigid tests, their ability to fossilize is greater than that 
of more delicate echinoderms such as starfish, and they are common fossils in 
many deposits. The oldest echinoids, belonging to an extinct regular taxon called 
the Echinocystitoidea, appear in the fossil record in the late Ordovician. Cidaroids 
or pencil urchins appear in the Mississippian (Early Carboniferous) and were the 
only echinoids to survive the mass extinction at the Permo-Triassic boundary. 
Echinoids did not become particularly diverse until well after the Permo- Triassic 
mass extinction. True sea urchins first appear in the late Triassic, cassiduloids in 
the Jurassic, and spatangoids or heart urchins in the Cretaceous. Sand dollars, a 
common and diverse group today, do not even appear in the fossil record at all 
until the Paleocene. 

 

Despite their alien appearance, echinoids, or sea-urchins as they are better 
known, are very common in the seas and oceans of today and are common 
fossils too.  Their name derives from the Greek 'echin' ('spiny'), referring to 
their protective spines and presumably 'ooid' (egg-like) in reference to their 
globular shell, or test as it is known. Echinoids are part of a much larger 
group of animals known as the Echinoderms ('spiny-skins'), which also 
includes the Asteroids (starfish), Holothurians (sea cucumbers), Crinoids 
(sea lilies and feather stars) and the Ophiuroids (brittle stars). 

Though their body plans are varied, all echinoderms possess key features 
which unite the group: 

 A complex skeleton of calcareous plates, with a unique spongy 
structure known as stereom. 

 Five planes of symmetry, referred to as penta-radial. 

 An internal hydrostatic (water-vascular) system, external extensions 
of which are used for locomotion, respiration and feeding. 

 All live in marine waters. 

Why are Echinoids important? 

Echinoids are very useful to palaeontologists because of their functional 
morphology; basically this means that by studying their anatomy you can 
tell a great deal about their mode of life and the environment in which they 
lived. They are also very common, and their robust tests and spines are 
easily fossilised and collected. Anyone who has hunted for fossils in the 
Jurassic and Cretaceous rocks of the UK will no doubt be very familiar with 

echinoids. 
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Regular or Irregular? 

Echinoids fall into two categories; regular and irregular. This isn't referring 
to how common they are, rather to what shape they are. Regular echinoids 
have no front or back end and can move in any direction. Irregular echinoids 
have a definite front and back and do move in a particular direction. This is 
because regulars and irregulars have very different ways of life. Irregulars 
evolved from regulars, and their anatomy is therefore a modified version of 
the regular anatomy. For this reason we will deal with regulars first. 

Regular Echinoids 

As mentioned above, regular echinoids have no front or back end. Instead, 
the opening for the mouth (peristome) is on their underside, and the opening 
for the anus (periproct) is on top. When viewed from above or below their 
profile is circular and radially symmetrical; hence the term regular 
('repeating', 'uniform'). This is because regular echinoids roam the surface of 
the sea floor in search of food and need to be able to move in any direction. 
This mode of life leaves them very exposed to predators and they have 
evolved elaborate spines both for defence and to act as stilts for locomotion. 

 

   

        Pedicellaria                                       Aritotle Lantern 

Regular echinoids possess large, powerful, and highly complex jaws, known 

as Aristotle's Lanterns, which extend through the mouth to collect food or 

scrape organics from shells or other hard surfaces. The jaws are complex 

beaks with five teeth. These leave a distinctive star-shaped grazing trace called 

Gnathichnus pentax. Isolated echinoid jaw-parts are not uncommon fossils, 

but because they are unfamiliar to most collectors they are either overlooked 

of misidentified. 



Echinoids are armoured with minute defensive spines called pedicellariae. 
These are venomous or possess pincers to deter parasites and clear detritus. 
Pedicellariae are only preserved in exceptional circumstances. 
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