
Marine Biology Plankton & Fisheries course O2B05

Fish 1 : Teleost Fish Morphology and Anatomy.
It is not uncommon for the fish that we will study today to have been frozen after incidental capture and death during our research trawl surveys on the R.V."Prince Madog". They have not been killed especially for you. Take one of the specimens provided. Examine all the required external characteristics of the fish first, taking measurements and counts where indicated, and only open up the fish later.

External Characters.
You will be asked to make only some of the wide variety of body measurements that are shown in the FAO "Principal Measurements" diagram appended to this schedule. Measurements are taken "between verticals" (i.e. with the points of a compass or dividers - not with a "tape measure" bent around the surface of the body).  Record the total length (from tip of snout to longest ray of caudal fin). If the caudal (= tail) fin is forked, measure the fork length. Because fins may be delicate and easily damaged, a conservative measurement of size is the standard length. Measure from the snout to the end of the vertebral column [for flatfish you can bend the tail to find the "crease" formed at the end of the hypural plate (= "urostyle") at the end of the backbone]. Measure the pre-orbital (= "snout") length, head length, body depth (i.e. dorsal to ventral maximum depth) as a percentage of STANDARD length. Important: When working with flatfish, you may have problems: (a) both eyes are on one side of the body and a pre-orbital length may be meaningless. (b) Be sure you measure the correct dimension for body depth (from base of dorsal fin to base of anal fin at the deepest part of the body.

In all of this you will be following the conventional system for body proportions,which you can read about in the introduction of :

Wheeler, A.W. 1969. The Fishes of the British Isles and North West Europe. MacMillan, London. [in Wolfson Library].

Now observe whether scales are present in the skin, and note if they are small, medium or large. For this, compare them with the size of the eye for a simple comparison. Consider a scale small if it has a diameter less than 5% of the greatest eye diameter, medium if it is 5-10% and large if it is over 10%. Try to decide if the scales are cycloid (round with concentric rings of circuli)or ctenoid (= toothed), using the FAO "Details" sheet provided as a guide. If the scales are large, record the number of scales along the lateral line (which starts just above the base of the pectoral fin - at the back of the gill cover - along to the base of the tail fin). The microscopic pieces (sclerites), which form successive concentric circles (circuli) as the fish grow, vary seasonally in their thickness so that a group of narrower (winter) circuli form an annulus. The age can be often obtained from counts of the annuli of larger scales. Many of our local marine bony fish however have scales which can not be used to tell the fishes age and other structures are used.

Carefully examine and count the paired and unpaired fins - check you haven't missed any which are flattened to the body. Now look at the rays and (and spines if present) which support the fin membranes. Note that spines can be flexible but are made of a single elongated tapering piece; they are NEVER made up of a series of "bamboo-like" segments, in contrast to the rays. For each fin (dorsal(s), anal(s), caudal, pectorals & pelvics [where present]) record the fin formula using ROMAN NUMERALS for spines (e.g. XVI) and ordinary ("arabic") numerals for rays (e.g. 16). Note that rays are often double or branched, so only count the BASES from which they arise; the last dorsal and/or anal ray is often branched down to the very base - count as one ray. Caudal rays can often branch several times from one base.

Record whether the pelvic fins are present, have any special structure, and whether they are in the posterior abdominal position, a middle thoracic position or an anterior jugular position. The fish on the "Principal Measurements" sheet and the one in the centre of the "Details" sheet both have their pelvic fins in the thoracic position. The same fins in the "primitive" teleost families such as herrings, anchovies, salmonids and the carp family  are much farther back along the body (abdominal position). In cod and more "advanced" families like the flatfish, the pelvic fins are on the throat - jugular position.

Observe the mouth position and structure, especially of the movable upper "lips"; does the maxilla alone form a noticeable part of the upper lip on each side (continuing straight on from the pre-maxilla - see fish A & B on the top left of the "Details" sheet) or does it instead lie wholly behind and parallel to the premaxilla, connecting only at the base (fish C)? Are accessory sensory organs present (e.g. barbels, tentacles, modified fin rays)? Is the animal obviously adapted for any particular feeding niche (a planktivore, carnivore, benthophage, detritivore etc.)? Is it likely to be a fast or slow swimmer ?

Internal Characters.

Now open the mouth and pharynx. Observe whether teeth are present on the jaws, roof of the mouth ( anterior vomer, posterior palate), tongue or gill arches. Look at the first gill arch and look for gill rakers on the inner, anterior face of the gill arch (see "Details" sheet). Record the number of gill rakers on the anterior edge of the upper & lower parts of this gill (separated by a flexible "elbow"). Now, open the body cavity from the ventral side (roundfish) or from the  lateral abdominal wall (flatfish). Many fish freeze well, but some species (especially whiting) do not ! Try to locate the oesophagus, stomach & pyloric sphincter (not all fish have a stomach e.g. carp & blenny families), the intestinal (=pyloric) caeca (if present) and (if possible) their number, the intestine, rectum and anus. Try to identify any prey in the stomach by transferring the contents to a plastic Petri dish, adding a little water and examining under a low-power microscope.  How does any prey you find compare with the feeding adaptations suggested by the body shape, fin positions & the mouth, teeth and rakers? Also recognise (if the organs have not broken up) the liver, gall bladder & bile duct, “pancreas” (=Brockmann body on the gall bladder), spleen and kidney. What functions do all these organs have in the life of the fish ?

If the fish has a swim bladder, try to see if it is physostomous (i.e. "open" through a duct to the oesophagus) or physocleistous (no duct - the bladder can be removed without deflating it). Try to identify the secretory gas gland (retia mirabilia) and possibly the "oval" which controls gas resorption.

Decide whether the specimen is male or female (testes are solid, ovaries hollow). In the lectures, we referred to the "BERGEN SCALE" used to judge the maturity and breeding cycle of herring (Clupea harengus L.) Assign an approximate maturity stage using the following Field Code for teleosts (adapted from the Bergen scale) as a guideline:

I    Fish with minute or threadlike, undeveloped gonads.  Immature.

II   With experience, you will see some fish, especially females, which are intermediate in form between I & III. These are "first maturers" which would breed for the first time in the next breeding season.

III  Individuals in this category have properly-developed gonads and are mature. They are not currently developing gametes (i.e. they are out of the breeding season - "resting").

As the breeding season approaches in our temperate waters, gametes develop in the mature fish. Codes beyond III are used to describe the annual timing of the preparation for breeding in the mature fish. e.g. for females:

IV   eggs just visible to the naked eye  }

V    some eggs (< 5O%) are transparent   } "ripening"

VI   most (but not all) eggs transparent }

VII  all eggs transparent and are easily squeezed from the body - "running"

VIII the eggs have been spawned, the ovary is bloodshot, flaccid & empty  -  "spent"

For mature males beyond Stage III, we only use :

V    milt (seminal fluid) present cannot be squeezed out

VII  milt easily expressed.

Now remove the top of the cranium and examine the brain. From the anterior end identify the olfactory tract, the major lobes of the brain, (paired pallia and optic lobes, single cerebellum, the medulla oblongata), the main cranial nerves and also locate the ears (including semicircular canals) to the sides of the medulla. Remove the sagittae (otoliths) from their ventrolateral positions in the sacculi of the ears . You can estimate age from the number of concentric opaque ("summer") and semi-transparent hyaline ("winter") zones either by eye, using a lens, or by using a dissection microscope: place the otoliths in a watchglass and add "Histoclear" solution. Other bones (cleithrum, operculum, vertebral centrum) can sometimes also be used to "age" a fish if scales and otoliths are unreadable.

Finally, count the number of vertebrae (vertebral series V.S.). There are no specialised "axis" or "atlas" vertebrae, so the first vertebra you can see behind the skull is like those that follow it. Each vertebra has one dorsal spine. However, the LAST vertebra is modified (urostyle)and supports the hypural plate of the tail fin.  Unfortunately, SOME Institute scientists include the urostyle (U) in their count and some do not (depending on the country)! This could prove critical when attempting to separate different breeding groups (stocks) whose V.S. (see below) differ on average by only (say) one vertebra. To avoid ambiguity, record as (for example):

Vertebral series (V.S.) = 47 + U

Record your data in a concise Table, accompanied by drawings to indicate the morphology and anatomy of your fish.

If you are interested in the form and function of fish, especially how they are designed to survive in their habitats, a good coverage can be found in:

Bone Q, Marshall NB and Blaxter JHS (1995) Biology of Fishes [2nd edition]. Blackie Academic & Professional ; London ISBN O7154 OO22 X (paper back). This comprehensive book written by three eminent fish biologists covers the diversity of fishes, their habitats, locomotion & buoyancy, food & feeding, osmoregulation, respiration, reproduction & life histories, physiology (cardiovascular, endocrines, sense organs, nervous system), behaviour, and even some fisheries.
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