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Abstract 

 Supplementation of long chain polyunsaturated fatty acids (LCPUFA), specifically 

docosahexaenoic acid (DHA), has been shown to increase cognitive development in humans, 

mice, goats, and sheep. It was hypothesized that DHA could similarly lead to faster learning and 

improved trainability in foals. Mares were fed a control (CON, n=10) or a high DHA (LCPUFA, 

n=10) diet from d 280 of gestation through 70 d of lactation. At 2 mo of age, foals from these 

mares were taught to touch a target object with their nose on command.  Memory recall of 

previous training and rate of learning of new, more complex behaviors were re-assessed using 

the target training technique in weaned foals at 185 ± 2 d of age. New behaviors learned included 

walking from point A to point B, performing target behaviors in an open environment, walking 

over novel objects, and loading into a livestock-hauling trailer on command. Weanling response 

times, performance scores and the number of cues needed to successfully complete each 

behavior were recorded during 11 training sessions conducted over 6 d.  Results indicated 

weanlings were able to remember previously trained behaviors and learn new ones using the 

target training method, but DHA supplementation of the mare did not affect training responses. 

Future research should consider cognitive evaluation of older foals, as well as evaluation after 

direct supplementation of DHA to the foal. 

  



Background 
 

Fatty Acids 

 Fatty acids define the physical and chemical properties of dietary lipids based on the 

number of carbon atoms and the amount of carbon-carbon double bonds. Fatty acids have two 

main structural elements, a chain of hydrocarbons and a carboxylic acid. The chains of 

hydrocarbons may be short (2-4 carbon atoms), medium (6-10 carbon atoms), or long (12-26 

carbon atoms). The length of chain is directly proportional to melting point. Short chain fatty 

acids have a low melting point. A fatty acid is classified as saturated (no carbon-carbon double 

bonds), monounsaturated (one carbon-carbon double bond), or polyunsaturated (more than one 

carbon-carbon double bond). A double bond will also decrease melting point and is more 

reactive than a single bond in chemical reactions due to the pi bond, a covalent chemical bond 

that is found in double or triple bonds. 

 The carbon atom closest to the carboxylic group is defined as the alpha carbon, while the 

methyl end is defined as the omega or n end. The number of carbons to the first carbon-carbon 

double bond is also used to describe the fatty acid. For instance, omega-3 (or n-3) fatty acids are 

classified as such since the first double bond occurs three carbons away from the omega carbon.  

 A nutrient is considered essential when it must be supplied by the diet to meet cellular 

demands because the body is not able to synthesize the nutrient at all or at a sufficient rate. There 

are two essential fatty acids, alpha-linolenic acid (ALA;18:3n-3) and linoleic acid (LA;18:2n-6), 

that are used to maintain cell membrane structure, capillary wall integrity, lubrications of the 

skin, and prostaglandin production by serving as a precursor molecule for long-chain 

polyunsaturated fatty acids (PUFA) synthesis. Synthesis of essential fatty acids to long-chain 



PUFA is minimal (Umhau and Dauphinals, 2010). This may indicate benefits to health when 

dietary supply of long-chain PUFA supplementation is increased (Horrocks and Yeo, 1999).  

 Omega-3 and omega-6 fatty acids have complex interactions due to competition for key 

enzymes in metabolic pathways. In general, increased concentrations of circulating omega-3 

fatty acids result in a healthier mix of metabolites as fatty acids enzymes are redirected towards 

omega-3 pathways (King, et al., 2008).  

Docosahexaenoic Acid 

 Docosahexaenoic acid (DHA;22:6n-3) is a PUFA with 22 carbon atoms and 6 carbon-

carbon double bonds. The modification of ALA with elongase and desaturase enzymes creates 

the double bonds that are found in DHA (Barboza et al., 2009). The synthesis of DHA from ALA 

is minimal at best (Umhau and Dauphinals, 2010). 

 Neural tissue has the highest concentration of fatty acids in the body beside adipose tissue 

(Bourre, 2009). DHA is the primary structure in the grey matter of the brain (a major component 

of the central nervous system) and, along with arachidonic acid, it is found in nerve synapses 

where they function in phospholipid-mediated signal transduction (Jones et al., 1997; Horrocks 

and Yeo, 1999). Since DHA is a key component of neural tissue, it has been examined for 

cognitive development. 

Supplementation of DHA has shown many benefits in human health. DHA has anti-

inflammatory properties through possible alteration of lymphocyte, monocyte, and macrophage 

functions, which may be why DHA has positive effects on arthritis cases (Horrocks and Yeo, 

1999). Woodward and et al. (2005) also found this trend in horses supplemented with long-chain 

PUFA. Supplementation of DHA and EPA showed a trend towards increased stride length at the 

trot compared to a baseline stride length taken before supplementation started. Additionally, 



DHA aids in the treatment or provides benefits to diseases such as hypertension, atherosclerosis, 

depression, diabetes mellitus, myocardial infarction, thrombosis, heart disease, and some cancers 

(Horrocks and Yeo, 1999).  

DHA and Cognition 

 During fetal development, the mother must insure that the fetus is obtaining sufficient 

quantities of DHA for proper brain development. Since de novo synthesis of omega-3 and 

omega-6 fatty acids does not occur in mammals, fatty acids, including DHA, must be supplied 

via placental transfer in utero (Innis, 2005).   

The supplementation of DHA in maternal diets has shown increased cognitive 

development in infants. In addition, infant diets deficient in omega-3 fatty acids may lead to a 

decrease in learning ability due to the function DHA serves in neural transmission (Horrocks and 

Yeo, 1999). Studies have shown increased recognition memory, problem-solving subtest, Bayley 

Psychomotor Development Index, and intelligence quotient in diets containing DHA compared 

to diets without added DHA (Lucas et al., 1992; Jensen et al., 2005; Hendrickson et al., 2008; 

Jensen et al., 2010). These studies showed DHA dietary supply had an effect on both preterm 

and term infants.  

Henriksen et al. (2008) bottle-fed very low birth weight infants with human milk 

supplemented with 32 mg DHA and 31 mg arachidonic acid and found infants receiving the 

supplemented milk scored higher on problem-solving tests and recognition memory tests than a 

nonintervention group. Testing in older subjects also showed benefits to DHA supplementation 

early in life. For example, Jensen et al. (2010) supplemented the maternal diet of breast-fed 

infants with DHA during the first four months of lactation and found a significant increase in 



sustained attention when the children were examined at five years of age, but the results were 

significantly different for girls only. 

The effects of DHA and other long-chain PUFA on cognitive development have been 

studied in several animal species, including mice and goats (Fedorova and Salem Jr., 2006; 

Petursdottir et al., 2008; Duvaux-Ponter et al., 2008). Naïve 10 mo old male SAMP8 mice were 

assigned to a high-DHA or low-DHA diet and assessed in a T-maze, foot-shock avoidance test, 

and the high-DHA diet mice were significantly better at learning the test and had greater 

retention when retested 1 week later (Petursdottir et al., 2008). DHA deficient diets lead to 

slower habituation in open field environments (Fedorova and Salem Jr., 2006). Based on these 

studies, dietary DHA supply may be an influential factor in equine cognition. 

DHA supplementation in maternal diets increases the content of DHA in breast milk 

along with increases in infant plasma phospholipid pattern (Jensen et al., 2005). Similar results 

were seen with horses, where DHA supplementation increased the DHA content in mare milk 

(Stelzleni et al., 2006) and in goats, where maternal supplementation of alpha-linolenic acid 

increased the proportion of DHA in the fatty acid profile of 2-week-old kid plasma (Duvaux-

Ponter et al., 2008). These factors led to the conclusion that DHA supplementation of the 

maternal diet during late gestation and lactation results in increased DHA availability to the fetus 

and newborn. This increased availability of DHA may be beneficial during brain development 

and lead to offspring with better cognitive skills than those whose dam did not receive DHA 

supplementation. 

Additional supply of DHA in the maternal diet during the last months of gestation and 

early infancy may be the reason for the increased cognitive ability of offspring as 

supplementation increases DHA concentration in mares milk (Stelzleni et al., 2006) and infant 



plasma (Jensen et al., 2008). In humans, brain development begins in the last trimester of 

pregnancy and throughout the first year before slowing pace (Horrocks and Yeo, 1999). Since 

DHA makes up a large portion of neural tissue, inadequate quantities will hinder development. 

As research continues, it will become apparent if quantities over the minimal DHA nutritional 

requirement enhance brain development more so than the dietary requirements. 

Horse Learning and Memory Ability 

 Horse trainers are able to obtain certain responses from horses through understanding 

horses behavioral characteristics (McGreevy, 2007). Horses are prey animals, therefore their 

typical response to increased pressure or sudden movement is to flee. These situations occur 

often with domestic horses, such as a rider applying pressure with their legs to ask the horse to 

move forward. Trainers, riders, and handlers use rewards, in this example the removal of 

pressure once the horse moves forward, to override the horses basic drive to flee from pressure 

(McGreevy, 2007). 

 The use of stimulus-response-reinforcement chains has allowed horse trainers, riders, and 

handlers to establish many different behaviors that allow horses to be used in a variety of 

disciplines. In addition, the horse’s ability to distinguish between stimuli allows for very 

complex riding movements to be formed along with scientific testing of horses cognition and 

memory (Hangii, 2005). 

 Horse memory is considered good and in some instances may be better than humans 

(McGreevy and McLean, 2010). Marinier and Alexander (1994) successfully showed that horses 

could remember a maze at 1 week and 2 months after initially completing the maze. Horses have 

been able to remember a task four years after the initial training and learning of the task (Wolff 

and Hausberger, 1996). These findings support what is found in the industry. Many horses 



experience extended time without being ridden, and besides the initial display of extra energy, 

their riders can work them almost immediately.  

 Assessing learning ability and memory in horses has required the use of specialized 

equipment such as mazes and food dispensing apparatuses and in some studies, specially trained 

horses (Mal et al., 1993; Marinier and Alexander, 1994; Wolff and Hausberger, 1995; Hangii, 

2005). Food dispensing apparatuses have been effective tools in horse learning trials, but in one-

trial appetitive conditioning tasks were not effective with weanling horses (Mal et al., 1993; 

Hausberger et al., 2004). Novel object tests and open field observations are often used to assess 

emotionality and behavior in horses and other animals, but fail to evaluate trainability of horses 

(Hausberger et al., 2004; Fedorova and Salem Jr., 2006). 

Operant Conditioning 

Operant conditioning is used to train animals to respond to stimuli in a specific manner. 

The animal must voluntarily work within the environment, such as moving towards an object, to 

receive a reward (McGreevy, 2007). The reward may be positive reinforcement such as food, or 

the termination of negative reinforcement such as the end of applying pressure when an animal 

moves. Advanced behaviors are most often established with successive steps that are less 

complex, known as approximations. Unlike classical conditioning, where the reward is 

associated with the stimulus, the reward is associated with the response in operant conditioning 

(McGreevy, 2007). An example of operant conditioning is when a dog owner teaches their dog 

to sit down. The owner says the word sit, and when the dog sits, the voluntary behavior, the dog 

is rewarded. 

Horses excel at both classical and operant conditioning (Hanggi, 2005) with either 

positive of negative reinforcement; however, most training in research is limited to positive 



reinforcement (Hausberger, et al., 2004). This limitation should be addressed in future research 

as training in the industry relies primarily on negative reinforcement. 

Target Training  

 Target training uses operant conditioning to teach an animal to touch an object, which 

then can be moved to different locations and used to develop more complex behaviors. 

Typically, target training requires movement from the animal. This method of training is ideal in 

zoo settings with protective contact. A zookeeper can move an animal into stocks, have the 

animal change direction, and stand for examination with the use of a target without needing to be 

in the same pen as the animal.  

 Target training may be an effective method for assessing both learning ability and 

trainability in horses. While target training and positive reinforcement has been used in the 

equine industry, research on target training is limited. Target training has been used to load 

horses into trailers, for groundwork, and to teach horses to stand quietly for grooming and 

veterinary procedures (Hangii, 2005). While there is limited research on target training in horses, 

the effectiveness of target training in other animals has resulted in more reliable animals and 

decreased data collection time in laboratory settings (McKinley et al., 2010). 

Trailer Loading 

Loading into a trailer can be a source of stress to horses and also cause injury to both 

horse and handler (Shanahan, 2003). Typically, unwillingness to load is met with increased 

pressure on the lead line, using a lead with a chain over or under the nose, or applying pressure 

to the animal from behind. Occasionally, a handler will use whips, ropes, and tranquilizers to 

load a horse. The horse may respond to negative stimuli undesirably, from rushing onto the 



trailer to becoming more resistant to loading, whereas horse taught to load using positive 

reinforcement load readily and eagerly (Hangii, 2005).  

The use of target training has been applied to horses to load into trailers. Ferguson and 

Rosales-Ruiz (2001) used targeting to load horses that had previously been described as problem 

loaders, taking longer than 3 hours to load into trailers. After an initial period establishing the 

target behavior (began with placing the target within 0.3 and 0.6 m of the horse’s nose and then 

moving it to another area near the horse), the researchers used a series of approximations (from 

the horse approaching within 3 m of the trailer to the horse being completely loaded with all four 

feet in the trailer and door closed) that resulted in successful trailer loading (Ferguson and 

Rosales-Ruiz, 2001). While Shanahan (2003) did not specifically use a target, their training 

method imitates successive approximations used in target training by leading the horses through 

obstacles simulating trailer elements (i.e., stepping onto a raised platform, over a tarp, and 

through tight spaces). Compared to pre-training levels, loading time, cortisol levels, and heart 

rate decreased during trailer loading after training indicating successive approximations were 

useful in decreasing stress in trailer loading (Shanahan, 2003). 

In conclusion, DHA supplementation directly to the infant or indirectly via the maternal 

diet appears to benefit cognitive development in humans. Similar benefits may be seen in foals, 

as DHA supplementation has improved cognition in other animals. Increased cognition would 

benefit the equine industry by possibly increasing trainability of horses. Increased trainability 

would enhance athletic performance, decrease behavior problems in daily care, and improve the 

interactions between horses and humans. Target training and positive reinforcement are effective 

training tools and shown to increase compliance in training situations compared to traditional 



methods. Progress through approximations of a complex behavior may indicate learning ability 

in foals, an area of limited research in horse cognition. 

  



Introduction 

Essential fatty acids are the polyunsaturated fatty acids (PUFA) alpha-linolenic acid 

(ALA), an 18-carbon omega-3 fatty acid, and linoleic acid (LA), an 18 carbon omega-6 fatty 

acid; however it is the longer chain omega-3 and omega-6 fatty that possess biological activity.  

For example, arachidonic acid (n-6, 20:4) is a precursor molecule for prostaglandin production. 

The body can synthesize long-chain PUFA omega-3 or omega-6 fatty acids from the essential 

18-carbon precursors with the use of elongase and desaturase enzymes; however, the conversion 

to longer forms of fatty acids that are most abundant in cell membranes occurs only in limited 

quantities. 

Supplementation of long-chain PUFA shows benefits in many areas of health and 

nutrition. Increased intake in the diet provides benefits to the cardiovascular system, control of 

diabetes mellitus and depression (Horrocks and Yeo, 1999). The addition of long-chain 

polyunsaturated omega-3 fatty acids has shown increases in cognition during human infancy and 

early childhood (Horrocks and Yeo, 1999; Jensen et al., 2005; Henriksen et al., 2008). 

Specifically, supplementation with the long-chain omega-3 fatty acid docosahexaenoic acid 

(DHA) in the maternal diet has shown increased attention span in children at five years of age 

(Jensen et al., 2010). DHA is a key component of neural phospholipids, and dietary supply of 

DHA results in greater DHA incorporation into brain phospholipids including the hippocampus, 

an area important for recall memory (Petursdottir et al., 2008).  

Supplementation of long chain omega-3 fatty acids has been studied in other species for 

its effects on behavior and learning ability, including mice and goats (Petursdottir et al., 2008; 

Duvaux-Ponter et al., 2008). If supplementation increases cognitive development in foals, this 

may lead to increased trainability. Greater trainability of horses allows for improved utilization 



of horses in the industry, including better results in athletic performance to more suitable fit into 

therapeutic programs. Additionally, increased trainability may reduce the amount of unwanted 

horses, since they may find use in another setting. 

Limited study on training ability and cognition has been conducted in horses as compared 

to other species. Maze testing has been used in several studies to quantify cognition (Marinier 

and Alexander, 1994; Wolff and Hausberger, 1996), but it fails to address the trainability of 

horses. Target training has been used successfully with horses and other animals to train them to 

complete a variety of tasks including trailer loading (Ferguson and Rosales-Ruiz, 2001).  

The current study aimed to identify if maternal supplementation with DHA during late 

gestation and early lactation influenced the cognitive ability and memory of foals after they had 

been weaned. In order to assess cognitive development and memory, we used target training 

behaviors established when the foals were 2 mo of age as part of a previous study. During the 

period between the two projects, the foals did not experience any additional training or see the 

target stick. The first two training sessions were used to evaluate the weanlings’ memory recall 

of previous target training behaviors. This was followed by 9 sessions of target training in which 

the weanlings were asked to perform a series of new tasks that culminated in loading the 

weanlings into a stock-type trailer used for transporting horses. We hypothesized that weanlings 

from mares that received DHA supplementation would remember previous training faster and 

proceed through new training at a quicker rate with greater compliance, indicating DHA 

improved cognition and memory in weanlings.  



Materials and Methods 

Animals 

This study utilized 20 stock-type weanlings (Quarter Horse, Paint, or Quarter Horse 

cross; 13 fillies, 7 colts) aged 185 ± 2 d (mean ± SE) weaned at 161 ± 2 d (mean ± SE). During 

this study, weanlings were maintained on a diet consisting of 1-1.5% body weight (BW) of a 

custom grain mix concentrate formulated for growing horses (OBS Feed and Supply, Ocala, FL) 

and mixed bahiagrass pasture available ad libitum. Daily amounts of concentrate were split into 

two feedings offered at 0730 and 1530 h. Training sessions coincided with feeding times. On 

days that weanlings participated in training, a partial ration of concentrate was fed prior to a 

session beginning. Once the training session was completed, the remainder of the ration was 

given to the weanling to reinforce a successful training session.  

Study Treatments 

Assignment of weanlings to treatment was based on maternal diet prior to weaning. 

Weanlings were born to mares fed 120 mg/kg BW of either a placebo supplement (CON; n=10) 

or mares supplemented with long-chain omega-3 fatty acids (LCPUFA; n=10) as part of a 

previous study. Supplementation of mares began 60 d prior to expected foaling and continued 

through the first 70 d of lactation. The basal diet of mares consisted of the same custom grain 

mix concentrate fed to weanlings in the current study, along with Coastal bermudagrass hay or 

mixed bahiagrass pasture. Beginning at 2 mo of age, foals were offered creep feed consisting of 

the same grain mix concentrate fed to mares. Although foals were not directly fed the treatment 

supplement, they were not restricted from accessing their dams’ feed. Nutrient composition of 

the CON and LCPUFA supplements is presented in Table 1. Investigators in the current study 

were blinded to weanling treatment. 



Previous Target Training 

Prior to the start of the current study, foals had been introduced to operant conditioning at 

2 mo of age. After an initial habituation phase, the trainer paired a primary reinforcement (food 

or scratching) with a bridge, in this case, the noise from a training clicker. The foals were taught 

a series of behaviors using a target, which was a 0.4 m stick with a small buoy attached to one 

end. The trainer would present the target and give the verbal cue “target.” When the foal touched 

the target with its nose, the trainer would use the bridge (clicker) and then offer the primary 

reinforcement. The trainer worked with each foal by positioning the target in different locations 

near the foal to elicit different behaviors. Behaviors included: target straight (directly in front of 

foal, approximately 1.0 m above the ground), target left (on the left side of the foal), target right 

(on the right side of the foal), target up (above the foal’s head), target down (target on the ground 

or close to the ground), target follow (the target would be placed at a distance so that the foal 

would need to move 2 or more steps to reach it), and target random (any of the behaviors 

described above were requested in random order). 

Setting and Materials 

Weanlings were housed in a 16.2 ha pasture equipped with 3.5 m x 3.5 m outdoor feeding 

pens positioned along one fence line for individual feeding of concentrate. Training sessions took 

place in either the outdoor feeding pens or in the pasture itself. Materials were added to this 

environment for Phase II and Phase IV training, including:  a two-horse stock trailer (interior 

dimensions 4.2 x 1.4 x 1.8 m with a 0.3 m step up at the entrance) that was placed in the pasture 

7 d before the start of training; a black rubber mat (1.0 x 0.8 m) that was placed on the floor, off 

to one side of the feeding pen just prior to Phase II; a separate black rubber mat (1.2 x 0.9 m) and 

a wooden trail course bridge that were placed in the pasture for Phase IV training. The bridge 



had an overall dimension of 1.2 x 2.4 m and was structured with a ramp at each of the two 

shorter sides that lead up to a 1.2 x 1.0 m level platform with a peak height of 0.2 m. The same 

training target used for previous training, as described above, was used in the current study. 

Weanling Target Training 

Overview 

A total of 11 training sessions, which asked for 10 cues, were used in the current study. 

Training sessions took place over 6 consecutive days. Each day included two consecutive 

sessions except day 1, which featured a single session. Sessions began by offering two “clicks” 

from the bridge (clicker) followed by the primary reinforcement. Training was separated into 

four phases, with the ultimate goal of teaching the weanling to load into a trailer designed to 

transport horses. A weanling would advance to the next phase after successful completion of the 

previous phase. Successful completion of a phase occurred when the weanling received five 

scores of ‘5’ on a predetermined scale (Table 1 and Table 2), except for Phase I, where the 

weanling had to complete a fixed number of behaviors in two sessions before progressing to 

Phase II. Phase I focused on the weanling’s memory of target behaviors learned from previous 

training at 2 mo of age. Phase II introduced a new behavior (“A to B”) where the weanling 

learned to leave the primary trainer and move to another trainer. Phase II also introduced a black 

rubber mat that the weanling was required to stand on.  When the weanling successfully 

completed Phase II, training moved into the larger pasture environment for Phases III and IV. 

New sets of behaviors were then shaped (Phase III and IV) that prepared the weanlings for 

entering the trailer  (Phase IV). Weanlings were trained individually and progressed at a rate that 

matched their level of success. This resulted in some weanlings spending more time in an 



individual phase and, as a result, some weanlings did not finish Phase IV. All training, with the 

exception of Phase II, which required a second trainer, was performed by the same person. 

Phase I – Memory Testing 

The purpose of Phase I was to assess the speed and ease with which weanlings 

remembered previous target training behaviors learned at 2 mo of age. The primary reward 

(either scratching or food) used during the initial training at 2 mo of age was used as the primary 

reward for weanlings during Phase I of the current study. Phase 1 consisted of two sessions of 10 

behaviors each. In the first session, the target was presented in the following order: left, right, up, 

down, and follow, and the weanling had 30 sec to respond to each cue. Response time (timed 

from the verbal cue to the sound of the clicker) was recorded by an observer, and the weanling’s 

response to each request was scored on a scale of 1 to 5 (Table 2). The first 5 behaviors in each 

of the two sessions were timed and the following 5 behaviors were only scored. Successful 

completion of Phase I testing was achieved when the weanling received five scores of ‘5’ 

beginning with the second training session. Weanlings who were successful in Phase I were 

allowed to progress to Phase II.  However, before progressing to Phase II, food and scratching 

was offered at the end of the second session to determine if the weanling’s preference for reward 

had changed since the initial training at 2 mo of age. 

Phase II – A to B Training 

Phase II had two objectives: 1) teaching the foals to go from point A to point B; and 2) 

habituating weanlings to the flooring of the trailer by having them willingly stand on a black 

rubber stall mat. The first task weanlings had to complete in Phase II addressed moving from 

point A to point B. Two trainers (A and B) were positioned on opposite sides of the feeding pen. 

While the weanling was in the pen, Trainer A gave the target command and waited for the 



weanling to approach and successfully touch the target.  Once completed, Trainer A backed 

approximately 1 m away and removed the target from the weanling’s line of vision. Trainer A 

pointed towards Trainer B and gave a new verbal cue “Go.” This was followed immediately by 

trainer B, who gave the normal verbal (“target”) and visual cues (presentation of the target 

buoy). The weanling’s response was scored on a scale of 1 to 5 (Table 3). Weanlings were 

required to receive five scores of ‘5’ in a single session before progressing to the second task in 

Phase II. The second task in Phase II was designed to habituate the weanling to standing on a 

rubber stall mat located on the floor of the feeding pen. “A to B” and “target follow” cues were 

used to encourage the weanling to place all four feet on the mat. The weanling’s response to each 

request was scored 1 to 5 (Table 3). A weanling had to receive five scores of ‘5’ in a single 

session before they progressed to Phase III. 

Phase III – Training in a New Location 

The goal of Phase III was to accustom the weanling to working in an open environment. 

When weanlings reached Phase III, the training session started by letting the weanling out of its 

feeding pen and into the adjoining pasture. The weanling had a maximum of 3 min to come to 

the trainer willing to work and all weanlings began training within the allowed time after being 

released into the pasture. When the weanling exhibited more interest in the trainer than the new 

surroundings, the trainer asked for previously established target random behaviors (i.e., 

randomly holding the target buoy straight, left, right, up, or down). The weanling’s response to 

each request was scored 1 to 5 (Table 3). A weanling had to receive five scores of ‘5’ in a single 

session before they could progress to Phase IV. 

 

 



Phase IV – Trailer Loading 

 Phase IV consisted of three tasks designed to prepare weanlings for entering the trailer, 

followed by the last task of trailer loading. All tasks were performed with weanlings in the 

pasture. In order of sequence, tasks consisted of the following:  

1. “Target Follow” in Pasture – While in the pasture, the target was placed a distance 

away from the weanling that required them to walk more than two steps to reach it. The 

weanling’s response to each request was scored 1 to 5 (Table 3). A weanling had to receive five 

scores of ‘5’ in a single session before they could progress to the next task. 

 2. Black Rubber Mat – A black rubber mat was placed in the pasture prior to releasing the 

weanling from its feeding pen. The trainer asked the weanling to come to the area near the mat 

using the “target follow” procedure described above (Phase IV, Task 1). Next the trainer crossed 

over the mat and gave the target command while presenting the buoy to the weanling to 

encourage the weanling cross the mat. The weanling’s response to each request to step onto or 

over the mat was scored 1 to 5 (Table 3). A weanling had to receive five scores of ‘5’ in a single 

session before they could progress to the next task. 

 3. Bridge – A wooden bridge was placed in the pasture prior to releasing the weanling 

from the feeding pen. The trainer asked the weanling to come to the bridge area by using the 

“target follow” procedure described above (Phase IV, Task 1). Once the weanling was near the 

bridge, the trainer asked for approximations to encourage the weanling to cross the bridge. The 

first approximation was to approach within 1 m of the bridge. Next, the trainer asked for one foot 

on the bridge, then two feet, then four feet, and finally over the bridge. The weanling’s response 

to each request was scored 1 to 5 (Table 3). A full crossing was characterized as when the 

weanling stepped from the ground onto the bridge with its front feet on one side of the bridge 



and ended with the weanling stepping off the bridge to the ground on the opposite side of the 

bridge. A weanling had to receive five scores of ‘5’ on full crossing in a single session before 

they could progress to the next task. 

 4. Trailer Loading – A two-horse stock trailer was placed in the pasture 7 d before the 

start of Phase I training. The weanling was lead to the area near the trailer using the “target 

follow” behavior as described above (Phase IV, Task 1). Once the weanling was near the trailer, 

the trainer asked for approximations that would ultimately result in the weanling entering the 

trailer (i.e., loading). The first approximation was to approach within 1 m of the trailer. Next, the 

trainer entered the trailer and turned to face the weanling. The buoy was presented and target 

cues given so as to encourage the weanling to put one foot, two feet, or all four feet on the trailer. 

The target was also used to get the weanling to exit the trailer (i.e., unload). The weanling’s 

response to each request was scored 1 to 5 (Table 3). The weanling was considered to fully load 

in the trailer when they started with all four feet off the trailer and finished standing in the trailer. 

A weanling had to receive five scores of ‘5’ on fully loading in a single session for successful 

completion of this final task. 

If all phases of training were completed before all 11 sessions ended, the remaining 

behaviors were filled with the trainer’s random choice of behaviors taught during training, 

though an emphasis was placed on trailer loading and unloading for these remaining behaviors. 

Statistical Analyses 

 Response time and behavior scores were collected for 20/20 weanlings during Phase I. 

Behavior scores for individual tasks and the number of cues required to pass each phase or task 

was recorded for 20/20 weanlings during Phases II, III, IV. A Shapiro-Wilk test was used to 

determine normality of data, and differences in response time, behavior scores, and number of 



cues were determined by a two-tail t-test or Wilcoxon Ranked Sum in the program “R” (Version 

2.31.1; The R Foundation for Statistical Computing). Differences in response were evaluated 

based on dietary treatment and sex. For all analyses, p ≤ 0.1 is considered a trend and p ≤ 0.05 is 

considered significant. 

  



Table 1:  Nutrient composition of the placebo (CON) and long-chain omega-3 fatty acid 
(LCPUFA) supplements fed to mares 60 d before foaling through 70 d postpartum. Treatment 
assignment of weanlings in the current study was based on these dietary treatments assigned to 
their dams prior to weaning. 
 Supplement1 
NUTRIENT CON LCPUFA 
Dry matter (%) 100 100 
Digestible energy (Mcal/kg) 4.2 4.2 
Crude protein (%) 14.0 13.0 
Crude fat (%) 37.0 37.0 
Vitamin E (IU/kg) 245 16,600 
Total omega-6 fatty acids (%) 11.2 5.4 
Total omega-3 fatty acids(%) 1.2 20.9 
Total DHA (%) 0 3.9 
omega-6 : omega-3 10:1 0.3 : 1 
1Except for DM, all nutrients on 100% DM basis 
 
 
Table 2: Description of the scoring system used to evaluate weanling responses to training cues 
given in Phase I training. 

 
 
  

Score Description 
1 Weanling reacted negatively by taking more than 2 steps away (backwards) from the 

trainer and/or showed signs of being extremely nervous/upset. 
2 Weanling reacted negatively by taking 1-2 steps away from trainer and/or stood 

stationary and showed signs of being slight nervous (e.g., pawing, subtle trembling, 
looking away). 

3 Weanling reacted neutrally by standing still and not paying attention (ignoring) and/or 
not making any effort to move toward target.  No steps taken. 

4 Weanling reacted positively by moving (lowering/stretching out) its head towards the 
target (no steps) and/or took 1 or more steps towards the target.  Included weanling’s 
nose coming close to the target or touching the target after 6 sec. 

5 Weanling reacted positively by responding readily once cued and touched the target 
buoy with its nose within 5 sec. 



Table 3: Description of the scoring system used to evaluate weanling responses to training cues 
given during Phase II, III, and IV training. 
Score Description 

1 Weanling reacted negatively by taking more than 2 steps away (backwards) from the 
trainer and/or showed signs of being extremely nervous/upset 

2 Weanling reacted negatively by taking 1-2 steps away from trainer and/or stood 
stationary and showed signs of being slight nervous (e.g., pawing, subtle trembling, 
looking away from trainer). 

3 Weanling reacted neutrally by standing still and not paying attention (ignoring) and/or 
not making any effort to move toward the target. No steps taken. 

4 Weanling reacted positively by moving (lowering/stretching out) its head towards the 
target (no steps) and/or took 1 or more steps towards the target. Includes weanling's 
nose coming close to the target or touching the target after 11 sec. 

5 Weanling reacted positively by responding readily once cued (within 10 sec) and 
touched the target buoy with its nose within 10 sec. 

 
Table 4: Behavior shaping plan with descriptions of approximations (Approx.) used in during 
weanling target training. Note that not all approximations were used for each weanling. For 
example, a weanling could go directly from Approx. 24 (1 foot in trailer) to Approx. 26 (all 4 
feet in trailer). 
Approx. Description 
Phase II  
1 to 3 "A to B" 

1 Weanling moves in the direction of Trainer B when Trainer A gives the "Go" 
command. Trainer B will give the target command 

2 Weanling moves closer to Trainer B than Trainer A after "Go" command and target 
command are given 

3 Weanling leaves Trainer A completely and touches target where Trainer B is 
located. Considered full behavior 

4 to 8 Black Rubber Mat - In Feeding Pen 
4 Weanling moves within 1 m of black mat in feeding slip 
5 Weanling places 1 foot on black mat in feeding slip 
6 Weanling places 2 feet on black mat in feeding slip 
7 Weanling places 3 feet on black mat in feeding slip 
8 Weanling places 4 feet on black mat in feeding slip. Considered full behavior 

Phase III  
9 Target Random - In Pasture 

9 Weanling touches target. No approximations used 
Phase IV  
10 Target Follow - In Pasture 

10 Weanling touches target after moving at least two steps in any direction except 
backwards 



11 to 16 Black Rubber Mat 
11 Weanling moves within 1 m of black mat in pasture 
12 Weanling places 1 foot on black mat in pasture 
13 Weanling places 2 feet on black mat in pasture 
14 Weanling places 3 feet on black mat in pasture 
15 Weanling places 4 feet on black mat in pasture 
16 Weanling begins with front feet off the mat, and places all four feet on the mat 

while crossing over. Considered full behavior 
17 to 22 Bridge 

17 Weanling moves within 1 m of bridge in pasture 
18 Weanling places 1 foot on bridge in pasture 
19 Weanling places 2 feet on bridge in pasture 
20 Weanling places 3 feet on bridge in pasture 
21 Weanling places 4 feet on bridge in pasture 
22 Weanling begins with front feet off the bridge, and places all four feet on the bridge 

while crossing over. Considered full behavior 
23 to 27 Trailer Loading 

23 Weanling moves within 1 m of trailer in pasture 
24 Weanling places 1 foot on trailer in pasture 
25 Weanling places 2 feet on trailer in pasture 
26 Weanling places 4 feet on trailer in pasture 
27 Weanling begins with front feet off the trailer, and places all four feet on the trailer 

in loading. Considered full behavior 
 

  



Results 

Two LCPUFA weanlings did not finish all training for reasons unrelated to the study. 

One of these LCPUFA weanlings completed Phases I and II, but was removed due to injury and 

did not complete subsequent training (Phase III and IV).  The second LCPUFA weanling had an 

adverse reaction to a routine vaccination and was unable to complete the last training session of 

the study and, as a result, was unable to complete Phase IV. Data collected from these two 

weanlings up to the time they were removed from the study was included in the statistical 

analysis. 

Forty percent of all weanlings were able to successfully complete all tasks in the study 

(50% CON, 30% LCPUFA). A total of 15% of all weanlings were able to progress to the trailer-

loading task of Phase IV in 6 days, but could not pass the final trailer-loading task (Table 5). 

Phase I – Memory Testing 

All weanlings were able to complete the Phase I – Memory Testing (earning 5 scores of 

‘5’ during a single session) by the end of the second session. There was no effect of dietary 

treatment or sex in the number of cues needed to pass the memory phase (p > 0.05). 

During session 1, weanling treatment and sex had no effect (p > 0.05) on first cue 

response time, individual cue response time, mean response time for all cues, or mean score for 

all cues (Figure 1). For both treatments, “target up” had a trend for shortest mean response time 

during session 1 (p = 0.055) and session 2 (p = 0.092). There was no treatment or sex effect on 

total session score or mean session score. 

In the second session, mean response time for “target follow” was affected by treatment 

(p = 0.047), where CON weanlings responded faster than LCPUFA weanlings (Figure 2). 

Response times for other cues were not affected by treatment (p > 0.05). There was a trend for 



colts to be quicker to respond for the behavior “target follow” than fillies (p = 0.096). There was 

no effect of treatment or sex on total score or mean score for the second session of memory 

testing. 

When comparing the two memory sessions, mean response time during session 1 (8.58 ± 

1.00 sec) was greater  (p = 0.031) than the mean response time on during session 2 (4.09 ± 0.50 

sec) (Figure 3). Each individual cue response time was also greater during session 1 than session 

2; target left (Session 1 - 11.73 ± 2.29 sec, Session 2 - 4.79 ± 0.86 sec; p = 0.030), target right 

(9.44 ± 1.82 sec, 4.83 ± 0.71 sec; p = 0.068), target up (3.36 ± 0.43 sec, 2.12 ± 0.19 sec; p = 

0.009), target down (8.19 ± 1.90 sec, 4.16 ± 1.40 sec; p = 0.069), and target follow (10.17 ± 1.75 

sec, 4.58 ± 0.62 sec; p = 0.006). 

Phases II – IV – New Behaviors 

 Treatment and sex did not have a significant effect on mean score of new behaviors, 

Phases II through IV (p > 0.05). 

 All 20 weanlings completed the behavior “A to B” in Phase II. There was no treatment 

effect on the number of cues it took to successfully complete this phase. There was a trend for 

colts (7.6 cues) to complete the behavior with fewer cues (p = 0.068) than fillies (11.23 cues). In 

the same phase, all weanlings successfully completed behaviors involving stepping onto the 

black mat in the feeding pen, but no treatment or sex effect was observed (p > 0.05). There was 

no effect by treatment in the mean score of behaviors during Phase II, but there was a trend for 

colts to score higher (4.80) than fillies (4.67) (p = 0.055). 

 All weanlings successfully completed Phase III and parts of Phase IV, including “pasture 

random” and “pasture follow” behaviors, as well as crossing the black rubber mat in the pasture. 



However, there was no significant difference by treatment or sex in the number of cues it took to 

pass these behaviors or the mean score for these behaviors.  

 Twelve of the 19 weanlings were able to pass the bridge behavior (70% CON and 55.6% 

LCPUFA). Of the weanlings that completed the bridge behavior, the CON weanlings were able 

to pass in fewer cues than LCPUFA (p = 0.037). Dietary treatment and sex had no effect on the 

number of cues it took to pass the trailer phase (p > 0.05). There was no difference in mean score 

for Phase IV (p > 0.05). 

  



Table 5: Completion percentages by behavior for all weanlings, control (CON) and long-chain 
polyunsaturated fatty acid (LPUFA). * = Percentage of 19 weanlings available for this behavior; 
** = Percentage of 18 weanlings available for this behavior; † = Percentage of 9 LCPUFA 
weanlings available for this behavior; ‡ = Percentage of 8 LCPUFA weanlings available for this 
behavior. 

Behavior Memory A to B 

Black 
Mat 
in 

Feed 
Slip 

Pasture 
Random 

Pasture 
Follow 

Black 
Mat in 
Pasture 

Bridge Trailer 

All 
Weanlings 100% 100% 100% 100%* 100%* 100%* 63.16%* 44.44%** 

CON 100% 100% 100% 100% 100% 100% 70% 50% 

LPUFA 100% 100% 100% 100%† 100%† 100%† 55.56%† 37.50%‡ 
 
Figure 1: Mean cue response time for each behavior during session 1 in control (CON) and long-
chain polyunsaturated fatty acid (LCPUFA) weanling horses.  
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Figure 2: Mean cue response time for each behavior during session 2 in control (CON) and long-
chain polyunsaturated fatty acid (LCPUFA) weanling horses. *Treatments differ (p < 0.05) 
 

  
 
Figure 3: Comparison of mean cue response time for each behavior between session of Phase I 
memory testing. The mean response time was greater in session 1 than session 2. *Session 
response time differs (p < 0.05); •Trend for sessions to differ (p < 0.1) 
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Figure 4: Comparison of the number of cues needed to successfully complete specific behaviors 
between colts and fillies. AB = going from trainer A to B; FM = standing on black rubber mat in 
the feeding pen; PN = pasture random; PF = pasture follow; BM = crossing a black rubber mat in 
the pasture; BR = crossing wooden bridge; TR = loading in the trailer. •Trend for sex difference 
(p < 0.1) 
 

 
 
 

Figure 5: Comparison of the number of cues needed to successfully complete specific behaviors 
between control (CON) and long-chain polyunsaturated fatty acid (LCPUFA) weanlings. AB = 
going from trainer A to B; FM = standing on black rubber mat in the feeding pen; PN = pasture 
random; PF = pasture follow; BM = crossing a black rubber mat in the pasture; BR = crossing 
wooden bridge; TR = loading in the trailer. *Treatments differ (p < 0.05) 
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Discussion 

 The results of this study indicate that training introduced at a young age (2 mo) is 

retained for at least four months in horses. These finding are useful to the equine industry, as 

most previous research has not described memory ability of horses younger than one year of age 

(Marinier and Alexander, 1994; Wolff and Hausberger, 1996).  Mal et al. (1993) examined 

learning ability in weanlings, but reevaluated the behavior only one day later. In the current 

study, memory of previously learned behaviors may have been strengthened due to use of 

positive reinforcement (Sankey et al., 2010). Additionally, weanling response time was improved 

during the second training session, indicating top performance may not be obtained the first day 

back in training, but can be quickly recovered.  

 The behavior “target up” had the shortest mean response time during both session 1 and 

session 2 of memory testing (Figure 3). Holding the target buoy above the weanling’s head, as 

was done for the “target up” behavior, places the object in the horse’s binocular visual field, 

which may have lead to a faster mean response time (Murphy et al., 2009). 

 During session 2 of memory testing, there was both a treatment and sex effect on the 

behavior “target follow.” The difference due to treatment may have been confounded because the 

CON group had 5 colts, whereas the LCPUFA only had 1 colt. Although study of memory in 

horses is limited, research has generally not found gender to affect memory. Marinier and 

Alexander (1994) did not have sufficient numbers to conclude a sex affect in mature horses (only 

3 males in a study of 9 horses), but Hausberger et al. (2004) studied multiple possible predictors 

of learning ability and emotionality and found sex did not affect learning ability or emotionality 

in mature horses. Sire was also shown to have influential effect on learning ability, but this study 

minimized the affect by using a limited number of sires (n = 7) (Hausberger et al., 2004). 



The influence of DHA supplementation on memory and cognitive ability is thought to be 

due to an increase in DHA supply to the brain; however, no equine studies have been conducted 

to assess if dietary supply affects DHA concentration in the brain. Factors supporting DHA 

supplementation increasing cognitive ability are that DHA is the primary component of 

phospholipids in brain grey matter and increased grey matter increases intelligence quotient in 

children and adolescents (Reiss et al., 1996). In the equine brain, DHA is the highest 

concentrated ethanolamine phosphoglycerides (EPG) polyenoic fatty acid (Crawford et al., 

1976). This may mean DHA also influences cognition in horses, but further research should be 

conducted to establish this claim in non-human species. 

The results of the current study showed that DHA supplementation of the mare did not 

enhance memory or learning ability in their foals after weaning. The lack of an effect of DHA on 

foal cognition could be due to a delayed effect of DHA supplementation on cognition, which was 

shown in Jensen et al. where increases to attention span were not observed until five years of age 

in the DHA supplemented group (2005, 2010). Length of gestation may also be key to the role 

DHA supplementation has on cognitive development. Preterm infants that received 

supplementation of DHA and arachidonic acid in milk after birth performed better on recognition 

memory and problem solving test at 6 months of age than those that didn’t receive DHA 

supplementation (Henricksen et al., 2008). In the last semester of pregnancy, brain development 

occurs rapidly and supplementation of DHA in preterm infants may be more critical than term 

infants (Horrocks and Yeo, 1999). While an exact timeline for brain development in horses does 

not exist, the brain vesicles transition to the brain between 40 d and 107 d after ovulation 

(Franciolli et al., 2011). Rattray et al. (1975) used an ovine model and determined there was 

active hyperplastic and hypertrophic brain growth during late gestation; therefore, brain growth 



should be further investigated in horses to determine the optimum time frame for DHA 

supplementation. 

 Target training was a useful training method to get weanlings to load onto a trailer; 

however, as a tool for assessing cognition, the procedure may need modification. The mean score 

for all behaviors ranged from 4.51 to 4.93 on a 5-point scale. The scores in this project were 

adapted from the scoring system used at 2 months of age when foals were more likely to have a 

negative reaction towards people and training. In future studies, the scoring system could 

combine the 1-3 scores into one score to have a greater range for positive responses to a cue. For 

example, a score of 5 could describe touching the target under 5 seconds, 4 between 5 – 10 

seconds, 3 10 – 15 seconds, etc. Response time could also be taken for all cues. 

 Additionally, while the use of successive approximations is a valid training tool, when 

attempting to measure cognition and trainability, it may have hindered results. The successive 

approximations used in this study were established so that the weanlings would remain confident 

as the black rubber mat, wooden bridge, and trailer were introduced. Indications of treatment 

affects may have been masked with this approach, as each weanling was able to do well. In 

future studies, the number of approximations (Table 4) could be reduced and only rewarded in a 

set order. For example, the bridge behavior approximations could be modified to use only three 

approximations before completing the full behavior, the weanling coming within 1 m of the 

bridge, placing 2 feet on the bridge, and finally walking completely over the bridge. In this 

example, the number of cues needed to pass a behavior can still be recorded, but it also 

eliminates completed behaviors of weanlings that needed many approximations to pass the 

behavior. 



 The bridge behavior appeared to by the most difficult behavior, as most weanlings that 

passed the bridge behavior were able to pass the trailer behavior. This may be due to the novelty 

of the object, as the weanlings had no access to it except during training sessions. It may have 

taken more time for the weanlings to become familiar with the bridge than other materials 

brought in since the black mat was placed in their feed slip before training on the second day and 

the trailer was placed in the pasture 7 d before training. Also, the bridge had no side enclosures, 

which allowed weanlings to walk around the bridge to reach the target. Putting the bridge against 

the pasture fence line, creating a railing on each end, or increasing the length of the bridge could 

prevent the weanlings from walking around the bridge in future studies. In addition, the 

LCPUFA colt that completed the bridge behavior required 53 cues to pass the behavior where as 

the mean number of cues for LCPUFA to complete the behavior was 29.6 cues and may have 

influenced the statistical analysis for the bridge behavior. 

 In conclusion, the current study provided evidence that weanlings were able to remember 

previously trained behaviors, but DHA supplementation of the mare did not appear to further 

augment cognitive development in weaned foals. There were a couple of behaviors that appeared 

to be affected by sex, but no overt differences in response time or number of cues needed to learn 

the behavior successfully between colts and fillies. This finding agrees with other research 

indicating sex does not affect learning ability and memory (Wolff and Hausberger, 1996). The 

results of the current study also highlight the individual variability between weanlings; thus, use 

of a greater number of horses would benefit future studies. 
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Appendix 1 – Definition of Terms 

Behavior – A particular response required of the weanling when presented with the target. 

Behaviors in this study were target left, target right, target up, target down, target follow, target 

random, A to B, black mat in feed slip, pasture random, pasture follow, black mat in pasture, 

bridge, and trailer. 

Cue – The presentation of the target for one behavior. A cue required the target to be presented, 

the weanling to touch the target, the secondary reward offered, and then the primary reward 

offered, or the presentation of the target and no response/negative response of the weanling. 

Primary Reinforcement – A reward that does not require pairing/association with another 

stimulus to hold value as a reward. In this study, the primary reward was either scratching or 

food. 

Bridge (Secondary Reinforcement) – A reward that has gained function by pairing it with another 

stimulus. In this study, the secondary reward was the noise a training clicker made. 

Session – A series of behaviors that took place over a short period of time. Sessions had 10 cues. 

Target – Any object that and animal can easily see and touch. In this study, the target was a 0.4 

m stick with a small buoy attached to one end.  

 

 


