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Spatial orientation may be led by the distinctive geometry of an environment: fish can use metric and left-right
direction to reach convenient locations, such as a foraging site. This remarkable capacity requires to handle the
macrostructural characteristics of space, which are based on the Euclidean concepts of point, surface, and

boundary.
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| 1. History

Ecological habitats share spatial characteristics that allow animals to find useful supplies such as food, shelter, and
companions, for survival. The ability to make use of these characteristics falls within “spatial cognition”, which
embraces a set of orientation strategies used by animals to better adapt in life spaces. One of these strategies
relies on geometric spatial information, such as metric (length, distance, angular magnitudes) and positional sense

(left-right direction), so representing stable cues animals can rely on to efficiently navigate through an environment.

The classic example of geometric reorientation is the following. You are standing in the center of a perfectly
rectangular room where in one corner there is a prize. You are blindfolded and turned in place, during which time
the prize is removed. Afterwards, you are asked to take the blindfold off and identify the corner where you saw the
prize before. Rather than choosing one of the four corners at random or always choosing the correct corner (i.e.,
the position where there was the prize), you will also choose the symmetric corner on the diagonal at 180°, since it

was characterized by the same geometric cues (e.g., a short wall on the left) as the correct corner position.

Freshwater and seawater species of fish make use of several orientation strategies for adaptative behaviorl.
Some of these strategies request to detect, process, and memorize specific sets of spatial cues, according to self-
based coordinates, while others involve spatial relationships in world-based coordinates@. Spatial orientation
based on the environmental geometry has been widely investigated across species, starting from Cheng’s original
observations with ratsBI4IBIEIT His findings led him to advance the hypothesis that a “geometric module” might

exist in the brain of animals to encode metric and sense properties of surfaces.

Traditionally, experiments to investigate the use of metric and sense spatial cues have been carried out in arenas
with a geometric shape that is defined well (most of all, rectangular, but also diamond-, parallelogram-, or
trapezoid-shaped arenas8229)) Animals are required to identify the position of a reward that is usually hidden at

the level of one of the four corners. In the case of perfectly rectangular environments, two corners have the shorter
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wall on the left (and the longer wall on the right), while two corners have the shorter wall on the right (and the
longer wall on the left). Thus, it is possible to draw two diagonals, which are characterized by opposite geometric
cues. If one corner only is rewarded, animals will make “rotational errors” towards the other corner on the diagonal,
proper due to these spatial contingencies. However, the use of nongeometric cues, such as conspicuous or local
landmarks, allows animals to discriminate the equivalent corners, significantly reducing rotational errors. For
example, if one of the four wall is painted with a different color, it is possible to conjoin geometry and such a
landmark to resolve the two-way symmetry and choose the correct corner position. Another relevant geometric cue
is that provided by relative or absolute distances, from the arena's center to the corners, or considering the goal-

position as a reference.

| 2. Research in fish

Fish possess excellent capacities in spatial mapping and navigation: they can plan and execute adaptive
movements to remembered goalsitll, by means of learning and memory processes comparable to those displayed

by land tetrapods. Beyond that, fish can resolve spatial reorientation tasks in which:

1. environmental geometries are interlaced with featural information, such as conspicuous (blue wall, blue 3D
cylinder) or local landmarks (corner panels);
2. different behavioral methodologies and memory systems are engaged, those based on spontaneous ("social-
cued memory task") or acquired ("rewarded exit task") behavior;
3. nonvisual transparent environments or blindness conditions request to use other sensory systems or motion
patterns in alternative to sight.
An example of acquired reorientation behavior of fish under nonvisual conditions is that performed within a
rectangular transparent arena. To resolve the geometric task, the fish had to choose one of the two target corners
on the geometrically correct diagonal allowing it to leave the arena. These two corners share the same geometry,
having a short wall on the right and a long wall on the left. The transparency of the rectangular space requests the
fish to use other sensory channels than vision to properly reorient. The behavioral pattern became increasingly
consistent with repeated experience, as the fish is typically rewarded with food in the case of correct choices.
Original unpublished data are revealing that different species of fish reoriented similarly through transparent
surfaces, which defined a distinctive global shape, supporting spatial reorientation under undefined situations (e.g.,
seek out food within a visually lacking environment) as a shared skill among teleosts, despite ecological
specificities. Moreover, this spatial capacity would be highly dependent on task’s demands: actually, fish show no
reorientation in the case of spontaneous behavior, where attentional factors (rather than motivational states driven

by food) seem to determine short-term (“working”) memories.

During geometric spatial reorientation, the involvement of other sensory channels than sight, as well as the use of
alternative orientation strategies based on motion patterns, would have a twofold implication. First, it would
increase the ecological relevance of metric and sense relationships, which could also be detected through sensory
systems that are assigned to other functions (e.g., the lateral line to detect hydrodynamic gradientsi22l13l) or

developing intelligent solutions based on adaptive behaviors (e.g., “wall-following” strategies24l12))  Second, it
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would lead to consider the recruitment of modalities driven by touch for determining spatial geometric
characteristics during reorientation. As such, a promising link between other vertebrates and humans takes place,

in consideration of the orientation mechanisms used to face situations of visual deprivation or impairments8,

| 3. Conclusions

Behavioral observations with blind fishesl1Z, and eyed fishes in visual transparency contextsl8, have suggested
that the shape of an environment can be experienced through multiple sensory systems (e.g., the lateral line, the
sense of touch), thus supporting the ecological importance of geometric information. More than other animal
groups, teleosts are increasingly emerging as a powerful model to explore spatial memory and its neural
correlates, starting from their precision at navigating through underwater environments. The geometric world of fish

has been sculpted by ecological pressures to use macrostructural spatial cues for survival purposes.

References

1. Fernando Rodriguez; Blanca Quintero; Lucas Amores; David Madrid; Carmen Salas-Pefia;
Cosme Salas; Spatial Cognition in Teleost Fish: Strategies and Mechanisms. Animals 2021, 11,
2271, 10.3390/ani11082271.

2. Neil Burgess; Spatial Cognition and the Brain. Annals of the New York Academy of Sciences
2008, 1124, 77-97, 10.1196/annals.1440.002.

3. Ken Cheng; A purely geometric module in the rat's spatial representation. Cognition 1986, 23,
149-178, 10.1016/0010-0277(86)90041-7.

4. Ken Cheng; Whither geometry? Troubles of the geometric module. Trends in Cognitive Sciences
2008, 12, 355-361, 10.1016/j.tics.2008.06.004.

5. Luca Tommasi; Cinzia Chiandetti; Tommaso Pecchia; Valeria Anna Sovrano; Giorgio Vallortigara;
From natural geometry to spatial cognition. Neuroscience & Biobehavioral Reviews 2011, 36,
799-824, 10.1016/j.neubiorev.2011.12.007.

6. Sang Ah Lee; The boundary-based view of spatial cognition: a synthesis. Current Opinion in
Behavioral Sciences 2017, 16, 58-65, 10.1016/j.cobeha.2017.03.006.

7. Greta Baratti; Davide Potrich; Sang Ah Lee; Anastasia Morandi-Raikova; Valeria Anna Sovrano;
The Geometric World of Fishes: A Synthesis on Spatial Reorientation in Teleosts. Animals 2022,
12,881, 10.3390/ani12070881.

8. Luca Tommasi; Camilla Polli; Representation of two geometric features of the environment in the
domestic chick ( Gallus gallus ). Animal Cognition 2004, 7, 53-59, 10.1007/s10071-003-0182-y.

https://encyclopedia.pub/entry/21765 3/4



The Geometric World of Fishes | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Almut Hupbach; Lynn Nadel; Reorientation in a rhombic environment: No evidence for an

encapsulated geometric module. Cognitive Development 2005, 20, 279-302, 10.1016/j.cogdev.20
05.04.003.

Danielle M. Lubyk; Marcia L. Spetch; Ruojing Zhou; Jeffrey Pisklak; Weimin Mou; Reorientation in
diamond-shaped environments: encoding of features and angles in enclosures versus arrays by
adult humans and pigeons (Columbia livia). Animal Cognition 2013, 16, 565-581, 10.1007/s10071
-012-0594-7.

Cristina Broglio; Fernando Rodriguez; Cosme Salas; Spatial cognition and its neural basis in
teleost fishes. Fish and Fisheries 2003, 4, 247-255, 10.1046/].1467-2979.2003.00128.x.

Horst Bleckmann; Randy Zelick; Lateral line system of fish. Integrative Zoology 2009, 4, 13-25, 1
0.1111/j.1749-4877.2008.00131.x.

Horst Bleckmann; The Lateral Line System of Fish. null 2006, 25, 411-453, 10.1016/s1546-5098
(06)25010-6.

Morgane Besson; Centrophobism/thigmotaxis, a new role for the mushroom bodies inDrosophila.
Journal of Neurobiology 2004, 62, 386-396, 10.1002/neu.20111.

Saurabh Sharma; Sheryl Coombs; Paul Patton; Theresa Burt de Perera; The function of wall-
following behaviors in the Mexican blind cavefish and a sighted relative, the Mexican tetra
(Astyanax). Journal of Comparative Physiology A 2008, 195, 225-240, 10.1007/s00359-008-0400-
9.

Victor R. Schinazi; Tyler Thrash; Daniel-Robert Chebat; Spatial navigation by congenitally blind
individuals. Wiley Interdisciplinary Reviews: Cognitive Science 2015, 7, 37-58, 10.1002/wcs.1375.

Valeria Anna Sovrano; Davide Potrich; Augusto Foa; Cristiano Bertolucci; Extra-Visual Systems in
the Spatial Reorientation of Cavefish. Scientific Reports 2018, 8, 17698, 10.1038/s41598-018-361
67-9.

Valeria Anna Sovrano; Greta Baratti; Davide Potrich; Cristiano Bertolucci; The geometry as an
eyed fish feels it in spontaneous and rewarded spatial reorientation tasks. Scientific Reports
2020, 10, 1-14, 10.1038/s41598-020-64690-1.

Retrieved from https://encyclopedia.pub/entry/history/show/64446

https://encyclopedia.pub/entry/21765 4/4



