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Schmidt. Introduction: Contributions of Bird Studies to Behavioral and Neurobiological Research, pp. 305-309

Domain:  3 - Research

Tertiary Species: Chickens, Other birds

SUMMARY: This article was the introduction to the ILAR issue on the use of birds in behavior and neurological studies.  In this introduction Dr. Schmidt provides several brief descriptions of contributions several different bird species have made to the fields of neuroendocrinology, audiology, sleep and memory studies, and as well as the importance of social structure and husbandry on behavior.  He cites studies in as diverse species as New Caledonian crows (Corvus moneduloides) to Japanese quail (Coturnix japonica) to zebra finch (Taeniopygia guttata) to the chicken (Gallus gallus), providing specific examples for each case.  Midway through his discussion he provides a more detailed description of the recent studies which have demonstrated the similarities between the mammalian and avian brains.

Dr. Schmidt used examples such as New Caledonian crows (tool making) and Alex the African grey parrot (abstract communication) to demonstrate that birds have higher cognitive abilities than many humans are aware of.  He goes on to summarize the different topics covered in the journal issue attempting to highlight the impact of the newly appreciated similarities between human and avian brains.

Because each of these topics will be covered in detail in the specific journal articles I will list the topics and pertinent points presented:

1.  Neuroendocrinology - Japanese quail - model of neural control of reproductive behavior; Songbirds - local control increases in estrogen can influence forebrain sensory response 

2.  Auditory Studies - Two articles presenting contributions birds have made to auditory research.  One article covers work on auditory hair cell regeneration in response to traumatic acoustic injury and is particularly interesting with respect to avian physiology because we learn that avian hair cells unlike mammalian hair cells are able to regenerate after acoustic trauma.  The second article looks at the mechanism of how birds of prey identify their prey using visual and auditory clues, and what happens when these clues are manipulated and the auditory midbrain is forced to remap its circuits.

3.  Molecular Genetics - A discussion of avian transgenic history and methods is presented.  There are now two fully sequenced bird genomes:  the zebra finch:  Taeniopygia gutttata and the chicken Gallus gallus.

4.  Speech and language Dysfunction and Role of Sleep in Memory Consolidation - Two articles in this ILAR issue deal the use of songbirds as models to study different aspects of brain function.  In one article they are used to look at the role of basal ganglia circuits and their involvement with production of song with the hopes of using knowledge gained to help identify normal and abnormal mechanisms in human speech and language development.  In the other article the author presents data which suggests that birds use sleep to consolidate or "improve" their performance for the next day when first learning their songs.

5.  Importance of Social Structure on Behavior - An article on the brown-headed cowbird (Molothrus ater) is included in this issue where individual and group behavior is examined and in particular the importance of normal vs. impoverished social experiences on females during critical growth periods could have detrimental impacts on their future offspring.

6.  Avian Husbandry and ACUC Concerns - There are two articles which deal with avian husbandry, one with songbirds and the other with parrots.  The final article discusses unique IACUC concerns presented by avian research projects and also discusses the diverse needs of the different avian species.

                                                                  

QUESTIONS:

1.  
Genus species for the following:  Chicken, Zebra finch, Japanese quail

2.  T or F.  Avian inner ear hair cells are able to regenerate like mammalian hair cells when damaged by acoustic trauma.

ANSWERS:

1.  
Gallus gallus, Taeniopygia guttata, Coturnix japonica   

2.  
False

Ball and Balthazart. Japanese Quail as a Model System for Studying the Neuroendocrine Control of Reproductive and Social Behaviors, pp. 310-325

Domain 3

Tertiary Species – Other birds
Japanese quail (Coturnix japonica) - can play a key role in understanding behavioral endocrinology. They illustrate general principles about hormonal control of reproductive and related social behavior. 

Advantages of using birds: 1) exhibit a wide range of social behaviors 2) have neuroendocrine systems that share fundamental properties with other vertebrate species, including mammals. 

History - Domesticated in Asia by the 12th century. Readily exhibit high rates of sexual behavior under standardized captive conditions in which sexually receptive females are present, making them excellent subjects for studies of sexual behavior and of factors that influence it, such as social interaction and social learning. 

Social Experience on Mate choice/Sexual Behavior: Because Japanese quail mate so readily in captivity one can reliably assess the effects of social milieu on mate choice in a way that is not possible in many other species. Some historical studies have shown:  1) Basic studies on imprinting demonstrated that exposure to a specific color morph during the first 15 days after hatching induces a long-lasting preference for partners of the same color. 2) Female’s observation of a nonpreferred mate copulating with another female increased her preference for that male. In contrast, males exhibit less of a preference for a female they have seen mate with another male.3) Females allowed to choose males have a higher percentage of fertilized eggs. 4) Males prefer slightly unfamiliar females to females with which they were raised. 

Studies of Learning/Memory in a Reproductive Context: Studies of quail important in establishing “functional approach” to Pavlovian conditioning-conditioned responses easy to achieve in quail thru Pavlovian conditioning with sexual reinforcements.  1) CS(condition stimuli) used- tones, colored lights, foam or wooden blocks, pairs of cylinders attached at 90 degree angle(mimic squatting female) 2) When CS used,  greater reproductive success after sexual learning- larger number fertilized eggs, more sperm released(if both male and females were exposed to the CS), increased expression of Fos protein in stria terminalis. 

Learned Social Proximity Response: Male sexual behavior has arousal and satiety components - similar to appetitive and consummatory aspects of behavior. Useful for mechanistic analysis of male sexual behavior and other rewarding activities. Appetitive behavior such as crowing is highly variable and thus not reliable. Learned social proximity response can be used as a quantitative measure of appetitive behavior. Involves female behind a window or 5 minute period of presentation of female to the male (quicker version). 

Rhythmic Contractions of the Cloacal Gland: Measurement of appetitive sexual behavior, contractions more likely in males when stimulus animal is a female as compared to when it is a male, contractions produce a foam that increases probability that sperm will fertilize the egg. Frequency modified by birds past experience.

Studies of Neuroendocrine Basis/Control of Reproductive Behavior: Quail useful models due to: 1) External markers of endocrine condition- morphological features dependent on steroids: plumage sexually dimorphic (males uniformly dark brown chest, females spotted chest), gland at posterior end of the cloaca is strictly androgen dependent for development and size. These morphological features are an easy indicator of the steroid concentration in a bird over a longer time period than is possible via radioimmunoassay analysis of a single plasma sample. 

Photoperiod-Induced Changes in Reproductive Physiology and Behavior - Reproduction in the quail is tightly controlled by photoperiod. Sexually active as long as exposed to a photoperiod simulating the long days of spring and summer (at least 12-12 ½ hrs per day, up to 16L:8D). 

Activation of Male - Typical Sexual Behavior by Gonad Steroid Hormones- there is a very tight relationship between all aspects of male sexual behavior (e.g. crowing, strutting, CCM) and the presence of high circulating levels of sex steroids such as testosterone. 

Endocrine Specificity for Activation of Consummatory and Sexual Behaviors - Several studies analyzed the steroid specificity of activation of learned social proximity response and RCSM (rhythmic contractions of the cloacae sphincter muscles). Japanese Quail Paper last half p. 315.

Endocrine Specificity of the Activation of Appetitive and Consummatory Sexual Behaviors: Several studies have analyzed steroid specificity of the learned proximity response and RCSM. Daily injections of anti-estrogen tamoxifen or aromatase inhibitor R76713 inhibited expression or blocked social proximity response. Endocrine specificity of RCSM is similar. Increased 20 fold in castrated males treated with testosterone. If given testosterone and R76713, the RCSM frequency declines. These experiments demonstrate that appetitive and consummatory aspects of male sexual behavior in quail are activated by testosterone acting through its estrogenic metabolites. 
Neural Control of Appetitive and Consummatory Sexual Behaviors: POM - medial preoptic nucleus, a dense cluster of neurons inside the POA(preoptic area). This nucleus is significantly larger in males, reflects circulating testosterone concentrations, and is implicated in the testosterone-induced activation of male copulatory behavior. Lesions of the POM abolish consummatory behavior, decrease expression of RCSM and Social proximity response. POM is aromatase-rich, and also receives complex modulatory inputs from various neurotransmitter systems. Dopaminergic activity plays a key role in activation of sexual behavior. Outputs from the POM mush connect to motor and premotor centers. 
Correlation between Extensive Neural plasticity and Changes in Endocrine State: POM shows a remarkable plasticity in response to steroids. It is 25%-30% larger in birds exposed to high testosterone. Volumetric changes (increased cell spacing and cell size) occur very rapidly within 24 hours. 
Testosterone Aromatization: Quail display a much higher aromatase activity than rats or mice. AA undetectable by standard assays in mice but easy to measure in quail brain regions.(can design antibodies and IHC procedures that permit visualization). Cloning of mRNA allowed development of antibodies to a specific aromatase recombinant. 

Rapid Variation of Brain Aromatase Activity and Effects of Locally Produced Estrogens: Testosterone-induced changes in preoptic AA are paralleled by changes in enzyme concentration largely mediated by transcriptional action of the steroid. Testosterone may also regulate enzymatic activity by affecting the translation of the mRNA or directly modulating the activity of enzymatic molecules. AA is inhibited within 15 minutes after exposure of homogenates to elevated ATP, Mg and Ca2+.  The inhibition is prevented by chelating compounds or kinase inhibitors.  

Practical Issues Concerning Quail Husbandry: Advantages - Breeding of quail is quite easy. Quail reach sexual maturity at 7-8 weeks of age, and can start producing fertile eggs at that time. Smaller than chickens, very resistant to infections.   

Infections quail can get - Dermanyssus gallinae, a parasite that causes severe anemia

QUESTIONS:
1. 
A Japanese Quail with uniformly dark brown feathers of the chest would indicate:

A. 
A sexually mature male

B. 
A sexually mature female

C. 
A male older than 3 weeks

D. 
A female older than 3 weeks

2.
Adult Japanese quail remain sexually active as long as they are exposed to :

A. 
At least 12-12 ½ hours of light per day

B. 
A sexually active bird of the opposite sex

C. 
11-11 ½ hours of light per day

D. 
Social proximity of other adult birds of either sex

3.
True or False. Aromatase levels are higher in the quail brain than in either  mice or rats. 

ANSWERS:

1.
C

2.
A

3. 
True
Saunders. 2010. The Role of Hair Cell Regeneration in an Avian Model of Inner Ear Injury and Repair from Acoustic Trauma, pp. 326-337

Tertiary Species: Gallus domesticus
SUMMARY: This article presents a review of findings on the toxic effect of exposure to extremely loud sound on the young chick ear (Gallus domesticus), and the subsequent recovery from inner ear structural damage and accompanying recovery of auditory function.
The auditory system of young chicks is an important model for studying the structure and function of the inner ear because birds, and perhaps lower vertebrates in general, are capable of generating new hair cells to replace those lost to ototrauma, a capacity that is absent along the mammalian organ of Corti. Accompanying this remarkable capacity is the nearly complete restoration of auditory function and the ease of access to the chick’s inner ear. Several specific concerns must be addressed though when chicks serve as animal subjects in these studies where intense sound exposures are used. For instance, protocol approval from the institutional animal care and use committee needs to justify the duration the animals are away from their home quarters and exposed to an intense sound (120 dB) associated to a potential pain and suffering for over 48 hours. Environment must allow movement and provide the chicks with adequate food and water as well as proper heating, humidification, and air circulation; there was no behavioural indication of sound-induced stress in the animals.
After acoustic trauma, the structures of the basilar papilla underwent a remarkable post exposure recovery, even to the extent that cochlear nerve fibers reconnected to the new hair cells and successfully sent afferent information into the auditory CNS. As remarkable as this recovery, it did not restore the basilar papilla to its pre-exposure condition. The process of hair cell regeneration replaced 90% of the hair cells destroyed by the exposure, and the 10% reduction in hair cell numbers in the patch lesion appeared to persist. Moreover, the upper layer of the tectorial membrane never recovered. The structural repair of the chick inner ear resulted in almost all aspects of auditory function, with the exception of the abnormal rate-level functions at certain frequencies in 12-day-recovered units.
New hair cells contribute minimally, if at all, to the recovery of auditory function, indicating that functional restoration is most likely a combination of factors: restoration of the endocochlear potential with tegmentum repair, restored transduction with replacement of tip links, rapid replacement of the lower-layer tectorial membrane (the honeycomb) with the restoration of mechanical input to the tall hair cells and the fact that the tall hair cells come through the exposure largely unscathed.
QUESTIONS:
1.
In what other species hair cell regeneration after acoustic trauma also occurs?
2.
How many chambers does the auditory area of the avian labyrinth have?
3.
What is the avian auditory receptor?
4.
Where is the perilymphatic fluid located and what is its ions concentration?
ANSWERS:
1.
In quail, pigeons and various songbirds.
2.
Three chambers: the scala vestibuli, the scala tympani and the scala media.
3.
The basilar papilla.  
4.
It is located inside the scala vestibuli and scala tympani and it is high in sodium and low in potassium ion concentration.
Pena and DeBello. Auditory Processing, Plasticity, and Learning in the Barn Owl, pp. 338-352.

Domain 3: Research

Tertiary Species: Other birds

SUMMARY:  The purpose of this article was to review a model system at the forefront of investigation into the neural bases of information processing, plasticity and learning:  the barn owl auditory localization pathway.  Work has been done on this system for 3 decades and there is belief that continuing exploration of the owl brain will be invaluable for further advances in understanding of how neuronal networks give rise to behavior.

The model used in these studies was Tyto alba, the barn owl, which is a nocturnal hunter whose survival depends on sound localization.  During investigation there was conclusive evidence of an auditory space map in the owl’s inferior colliculus.  The main cues used to compute source direction are left-right differences in timing or interaural time difference, and left-right difference in sound level, or interaural level differences.  The owl brain harnesses spatial information conveyed by the visual system to calibrate interpretation of binaural cues such as ITD, interaural time difference/ILD, interaural level difference.

Owls were found to be difficult to train and unresponsive to fluid rewards, therefore electrophysiological recordings were used to monitor the progression of learning.  Incremental training is an alternative strategy to enhance learning.  Prism-induced adaptive plasticity is a form of instructed learning.  Instructed learning is a hallmark of many higher brain functions, such as the development of vocalizations in songbirds or the acquisition of expressive language in humans.

QUESTIONS:

1.
Which of the following species rely on passive listening, involving a triangulation in which two copies of the sound are collected by each ear and compared by the brain to infer source direction?

a.
Shrews

b.
Bats

c. 
Owls

d. 
Humans

e.
Both a and b

f. 
Both c and d

2.
True or False.  While distinct morphological asymmetries have evolved in different species, from the position of the ear flaps in barn owls to the shape of the skull in Tengmalm’s owl (Aegolius funereus), they all appear to achieve the same functional goal.

3.
True or False.  Barn owls have excellent night vision due to a dense concentration of cone-type photoreceptors in the area centralis, or fovea.

ANSWERS:

1.
f

2.
True

3.
False, rod-type photoreceptors

Scott et al. Applications of Avian Transgenesis, pp. 353-361

Domain 3: Research, K5. Genetic modification/engineering technology including application of molecular biology techniques

Tertiary Species: Other Birds
SUMMARY: This article evaluates methods for the production of transgenic birds, focusing on the advantages and limitations of lentiviral-mediated transgenesis. The authors also intend to provide an overview of future applications and discussion of technological advances that will be necessary to make avian transgenesis a more versatile tool.

Introduction: The generation of transgenic animals requires the delivery of foreign DNA into the germline leading to stable transmission across generations. The germline can be targeted by delivering DNA to the single cell embryo, early embryo, or primordial germ cells (PGCs) which give rise to sperm and oocytes. Efficient introduction of foreign DNA into the germline by injection of lentiviral vectors in embryos of freshly laid eggs has been successful in producing transgenic chickens and zebra finches suggesting that it may be useful for other avian species as well.

Methodology: Various methodologies for the generation of transgenesis are discussed in this section. The first is the use of oncoretrovius as a vector for gene transfer. Once infected the cells permanently carry the integrated retroviral DNA called provirus, in their genome. An embryo infected with oncoretrovirus develops into a mosaic animal in which a subset of tissues including PGCs contains provirus. When the mosaic birds are bred, a percentage of their offspring carry provirus in every cell while other offspring carry no viral DNA. The technique is of limited value because the transgenes are expressed at low to undetectable levels. The second technique of pronuclear injection, as in mice and rats, has been attempted but the technique is extremely inefficient in birds because of the particulars of avian reproductive biology. The other methodologies discussed included Tranposon-mediated gene delivery and manipulation of embryonic stem cells. Both of these techniques have failed to yield desired results. Lentiviral vectors have emerged as an efficient and versatile technique for the production of transgenic birds in a variety of species. Limitations include the ability to carry only 8-10k kilobases of DNA, vector insertion can cause disruption of endogenous genes by insertional mutagenesis which complicate analysis, and vectors are subject to positional effects which may interfere with transgene expression.
Research Applications: Avian species have recently emerged as a model to study the neurobiology of complex behaviors. Song birds including Zebra finches (Taeniopygia guttata) have been proposed as models for human diseases affecting complex cognitive function and communications disorders. FOXP2 (human gene associated with specific language impairment in children) has been “Knocked down” in juvenile zebra finches using lentiviral-mediated RNA interference which lead to inaccurate song learning. Additionally, the authors report using lentiviral vectors to generate green fluorescent protein under the control of human ubiquitin-C promoter in zebra finches for detailed neuroanatomical tracing or developmental studies.

Biotech Applications: The authors suggest that the technology has application for the production of therapeutic proteins for the pharmaceutical industry. Transgenic animals used to produce biopharmaceuticals are known as “animal bioreactors”. Chickens represent an potential alternative to other species because eggs are rich sources of protein and are naturally sterile (unlike milk), transgenic chicken require less time to mature than livestock such as goats and cattle reducing the cost, and lastly the infrastructure to generate large numbers of eggs under good manufacturing practices already exist as a result of the use of eggs for vaccine development. Recently transgenic chickens were engineered to produce the therapeutic protein miR24, a mini-antibody for the treatment of malignant melanoma, and human IFN-beta-1a in egg whites. Limited protein produced requires strategies for improvement before large scale production.

Agricultural Applications: Transgenic techniques will provide a tool for study of genetic pathways that govern traits of interest and possibly the direct introduction of desirable alleles in the germline of transgenic birds. There is also great interest in the poultry industry for potential applications to protect flocks from infectious disease.

Conclusion: Lentivirus-based methods of transgenesis allow for a variety of genetic manipulations including over-expression, insertional mutagenesis, and gene knockdown in avian species. Two key steps are necessary to broaden application, the ability to “knock out” genes and the identification of enhancer-promoter combinations that can direct gene expression to particular cell types.

QUESTIONS:
1. True/False. Within the last few years, the zebra finch genome as been sequenced and annotated.

2. True/False. Songbirds, including the zebra finch, are one of few animal groups that, similar to humans, communicate through learned vocalizations.

3. As a potential “bioreactor species” chickens have the advantage of short maturation times compared to other species. List how many days to hatching and how long before reaching sexual maturity.

4. Which available technique is currently the most effective for transgenesis in avian species?
a. Onocoretrovirus vectors (reticuloendotheliosis virus (REV)

b. Pronuclear injection into the nucleus of single-celled embryos

c. Lentiviral vectors

d. Transposon-mediated gene delivery into the zygote

ANSWERS:
1. True

2. True

3. 21 days to hatch; 5-6 months to reach sexual maturity

4. Lentiviral vectors

Fee and Scharff.  The Songbird as a Model for the Generation and Learning of Complex Sequential Behaviors, pp. 362-377

Domain 3: Research
Tertiary Species: Other birds

SUMMARY: The songbird is used in neuroscience research as a model of learning complex sequential behaviors due to the parallel between the song learning process and the development of language in human children.  Both species have a genetic predisposition for sound production which is developed into language or song through a process of listening and mimicry.  Young songbirds listen to the father and memorize a neural “template” of his song.  Next, the bird begins to vocalize on his/her own during the “sensorimotor” stage and uses auditory feedback to refine his/her “subsong”.  The “plastic song” follows with variable yet identifiable vocal patterns.  Finally, through the process of “crystallization”, the normal adult song evolves at the time of sexual maturity. 

The article points out the model most frequently used is the zebra finch (Taeniopygia guttata) because of its rapid maturation and the fact that it both sings and breeds well in captivity.  

Researchers have mapped out the regions of the brain responsible for singing.  The syrinx is innervated by a subset of nerves from the hypoglossal nucleus (review: CN XII) which receives signal from the forebrain nucleus RA (robust nucleus of the arcopallium).  The nucleus RA receives its signal from the cortical analogue, nucleus HVC which receives signal from several brain areas including thalamic nucleus uvaeformis.  Nucleus HVC is responsible for the timing of the song. 

The motor learning pathway requires the premotor nucleus RA to receive input from nucleus LMAN (lateral magnocellular nucleus of the anterior nidopallium) which is the output of the anterior forebrain pathway (AFP).  This pathway also includes a thalamic nucleus DLM and a basal ganglia homologue Area X. The nucleus LMAN, the HVC, and RA are all contained within the pallium (the region of the avian brain analogous to the mammalian cortex).   Lesions of LMAN and Area X disrupt learning in juveniles but do not affect song in adult birds.  Area X is analogous to the mammalian basal ganglia (BG).  Defects of the BG can disrupt speech and language.  Some examples include: Parkinson’s disease, schizophrenia, OCD, Huntington’s, Tourette’s, and the tardive syndromes.  

Studies have also elucidated the genetic contribution to learning.  This particular paper focuses on the significance of the highly conserved FOXP2 (forkhead box protein) gene.  Many believe this gene was positively selected for during the development of human language.  It is thought to play a role in the establishment of neuronal circuits during brain development and later neural circuit function.   Defects in the FOXP2 gene have been linked to language impairment.  

QUESTIONS:

1.  Because of its rapid maturation and proclivity for singing and breeding well in captivity, the species Taeniopygia guttata is frequently used as a model for learning.  What is the common name of this species?

2. The region of the avian brain analogous to the mammalian cortex is the __________.

3. Mutations of the FOXP2 gene family have been linked to what type of dysfunction?

ANSWERS:

1. Zebra finch

2. Pallium

3. Speech impairment

Marjoliash. Sleep, Learning, and Birdsong, pp. 378-386

Domain 3: Research

Tertiary Species: Other Birds
SUMMARY: Oscine passerine birds, the “true” songbirds, learn song via both innate and acquired mechanisms ranging from abstract discourse to experimental fact. Song learning in songbirds is a two stage process involving a sensory modeling or “template” of a song and a second sensorimotor stage of learned imitation. The understanding of or sensory memories and sensorimotor learning in birds applies sell to human neurobiology as complex learned behavioral systems. It has also been shown that sleep directly drives a circadian variation of singing pattern in juvenile zebra finches and that adults also show similar variations dependent on sleep.
Husbandry Considerations in Birdsong Sleep Studies: Conducting studies with songbirds as a model for learning has particular challenges. Each individual bird requires considerable effort over an extended period of time as the animal passes through various phases of the experimental process. Use of sleeping birds requires further effort due to the shift in circadian rhythm and strictly controlling husbandry and acoustic conditions.  Often, investigator-administered care of the animals is required or specialized training of the animal care staff.
Organization of the Avian Forebrain: Avian and Mammalian Forebrain Homologies and Shared Physiological Properties. Different avian forebrain regions may be homologous to different layers of the mammalian cortex with patterns of connectivity between forebrain input and output common to both.  Mammalian and avian forebrains also have strong similarities in physiological properties related to both learning and sleep. Zebra finches have REM sleep patterns similar to mammalian species which is not found in many other bird species. This species has longer and more common REM bouts and have an ultradian REM and non-REM.
Auditory and Song System Pathways: The complex anatomy of the bird forebrain is described in the article. Of major importance to the song system pathways is the robust nucleus of the arcopallium (RA) the motor cortex analogue of the song system. This nucleus of the forebrain receives projections from the HVC and the output includes the entire known forebrain component of the song system descending to the midbrain and brainstem. The HVC nucleus also sends projections to the basal ganglia portion of the song system. The Activity and interactions of the HVC and the RA have been extensively studied during wakeful periods and during sleep to understand birdsong learning and motor activity.
Motor and Auditory Physiology in Adult Songbirds

Information in Bursts During Singing: In adult birds, neurons in the descending motor pathway are active on a moment-by moment basis during singing which supports the idea that the HVC RA projecting neurons are sequentially activated in a “synfire” chain.  RA activity patterns are expressed as bursts that start before a “syllable” of the song and these patterns are variable depending on the syllable produced.
Neuronal Replay: Spontaneous Bursting During Sleep: Neurons of the RA will normally burst during singing but otherwise will fire regularly during wakeful periods. During sleep the neurons will fire regularly but will also at times burst in a very similar manner as during singing. It has also been suggested that such night time neuronal replay may have a role in neuronal recruitment for learning.  There are limitations to the interpretations of the nighttime replay as it does not duplicate the highly structured activity during singing. 
Changes in Bursts During Sleep: Replay of daytime activity during sleep is a necessary condition for sleep dependent information processing and the results for RA neuronal replay during sleep support this. In one study it was shown that RA bursts changed systematically during singing before and after sleep with both birds on a normal circadian rhythm and those whose sleep period was interrupted. Although the changes were subtle it does indicate that sleep itself was the required component for the change in RA bursts during singing.
Neurophysiology and sleep during early song development: When exposed to external songs, or tutor songs, juvenile zebra finches will show an increase in RA neuronal bursting during the first sleep after exposure and may indicate the opening of a "gate" to the vocal control system. And when exposed to the tutor songs, they do not immediately change their own singing patterns. Rather they song learning-related changes only start to occur on the first day after exposure to the tutor songs indicating further correlation of the sleep phase RA bursts to learning of birdsong.
Conclusions: Neurothology takes full advantage of species diversity and frames it into evolutionary contexts. To support vertebrate neuropathology veterinarians need training with diverse species such as songbirds, and regulations must reflect such species diversity. Within the field of neuroethology, the role of sleep processes in birdsong plasticity provides insight into ongoing sleep neurological discharges and how they may modify singing behavior. More research is providing further insights into the bird forebrain song system and the homologies in mammalian learning systems. Birdsong studies also show more active processes during sleep than previously proposed.

The findings of the studies reported in this paper also indicate a decreased complexity of birdsongs produced immediately after sleep with recovery to greater complexity later in the day, indicating that sensory memories can act indirectly on sensorimotor performance, decoupled from changes in singing performance.

QUESTIONS:

1. 
Zebrafinches are:

A. 
Oscine psittacine birds

B. 
Oscine passerine birds

C. 
Osciline psittacine birds

D. 
Oscilline passerine birds 

2. 
Conducting sleep related neuroethological studies in birds requires specialized training of animal care staff. T/F

3.
Sleep results in changes to burst output of the neurons in the RA song system. T/F 

4. 
Juvenile Zebrafinches exposed to external tutor songs do not require a period of sleep before their own singing behavior and song structure changes. T/F

5.
Zebrafinches have REM sleep neurologic patterns:

A. 
That are similar to those of mammalian species

B. 
That are similar to those of most bird species

C. 
That are exceptionally different from both mammalian species and other birds

D. 
A and B

6. 
Neurologic bursts of the RA system occur prior to a song syllable being vocalized. T/F.

ANSWERS:

1. 
B

2. 
T

3. 
T

4. 
F

5. 
A

6. 
T

White.  A Social Ethological Perspective Applied to Care of and Research on Songbirds, pp. 387-393

Tertiary Species: Other Birds - brown-headed cowbird (Molothrus ater)

SUMMARY: This paper reviewed past social stimuli studies conducted on cowbirds.  These studies evaluated sensory, cognitive, and ecological characteristics.  Social environment can affect research studies by causing the animals to not perform normally.  It has been found that songbirds need social experience to learn songs.  One study in cowbirds showed that different cohort groups will show regional variability in song dialects and whistles plus migratory behavior.  These birds also don’t build nests, so they lay eggs in other bird’s nests and have different bird species raise their young.  Even though these animals are raised by a different bird species they still reliably find other conspecifics after fledging and live in flocks.  Males develop song repertoire during their first year of life and male’s sing for two reasons: to develop a hierarchy and to attract females.  These studies mostly used group aviaries to allow interaction but also keep a controlled environment.  One study found that juvenile males kept in groups with adult males developed typical cowbird behavior, where in groups without adult males the birds showed abnormal behaviors (such as promiscuity, they weren’t aggressive, didn’t engage in male-male singing or pair bonding with females).  Another study found that in groups with juvenile males, the adult males were more successful in breeding than in groups where no juvenile males were present.  Another study showed that females who listened to male songs as broadcasts before the breeding season showed preference for these songs during the breeding season.  Also, male songs that had female chatter (a female response to male courting song) playing following the song were preferred by the females hearing this song as a broadcast.  Another study looking at fecundity success found that the only two factors influencing fecundity were female directed songs by the males and male-male countersinging (where two males will sing within inches of each other, which may be a kind of competition).  Also, even though their eggs are laid in another bird’s nest, females that produced more eggs provided more resources to those eggs than females that produced fewer eggs.  Another study looked at flock formation.  In flocks with both sexes as well as different ages, sub flocks will form first by sex and then age.  In single sex flocks, the age-class assortment disappears and the sub flocks are composed of a variety of ages.  When different flocks were able to see, hear, and be relatively close to one another, they would not interact.  Juveniles only learned songs from the males of their flock even when the song qualities of the different flocks were much different.  After removing the barrier, the flocks still only focused on their own flock.  This may mean that birds that researchers place in separate cages next to each other for socialization may not consider the other birds as group members.

QUESTIONS:

1) What is “chatter” in female cowbirds?

2) Why do male cowbirds develop songs?

3) Why is it important to know that birds separated by a barrier may not consider each other group members?
ANSWERS:

1) Chatter is the noise that a female cowbird makes in response to a male’s song.  It’s considered an approval of the song.

2) Male cowbirds develop songs to attract females and also form a male hierarchy (done by male-male countersinging).

3) It is important to know the behavior of the test animals and if cowbirds are placed into cages next to each other, but kept separate, these birds may not consider adjacent birds as a group member and therefore may not perform normally.  

Bateson and Feenders. The Use of Passerine Bird Species in Laboratory Research: Implications of Basic Biology for Husbandry and Welfare, pp. 394-408

SUMMARY: Passerine birds are a large order of perching birds found in most terrestrial habitats. Their lineage is as old as that of mammals, having diverged from the rest of the birds around 80 million years ago and is morphologically, ecologically and behaviorally diverse. They occupy most ecological niches although none are truly aquatic. They vary in range size, foraging behavior, degree of sociality, reproductive behavior and complexity of vocalizations. These differences need to be taken into account when considering how best to care for these animals in the laboratory.

The authors estimate that between 151,000 and 215,000 Passerine birds may be used annually for research purposes, but they suspect the true figure is likely to be much larger. The three most commonly used species are the zebra finch, the European starling and the house sparrow. By far the largest user of Passerine birds in research seems to be the US and most studies using these animals fall into the category of fundamental biological research. 

The most common reason for studying Passerines is their song. All Passerines sing and their dedicated neural pathways for song learning and production are the subject of extensive research in behavioral neuroscience and in the sensory and cognitive aspects of song perception and discrimination. Other research interests include: flight and navigation, mate choice and sexual selection, foraging, seasonality,

development and individual differentiation.     

Given their diverse biological characteristics, it is not surprising that the authors are of the opinion that most captive environments for these animals are very unnatural. In terms of space, for example, even large aviaries are unlikely to provide space approximating the birds' natural range. Small cages can elicit abnormal behaviors and cage shape has also been shown to affect the welfare of individually housed starlings. Some species, such as zebra finches, starlings and warblers, are very social and should be housed in groups whenever possible.

Enrichment items such as ropes, branches, natural substrates, water baths and areas of cover, are usually of great benefit to the birds but their effects on their welfare should always be closely monitored. The photoperiod should be adequate to the species and due regard should be given to the animals' seasonality. Ideally, the daily transition between light and dark should be gradual in order to allow roosting behavior in the birds. There is some evidence that birds can perceive the flicker of fluorescent lighting and computer monitors and that they find this stressful, so it is preferable to use natural light in aviaries or, if not possible, high-frequency fluorescent lighting covering the full spectral range.

Temperature and humidity are often highly variable in the birds' natural environment and changes in both parameters can provide behavioral cues to the animals, e.g., food availability, food-hoarding, mating, migratory behaviors... Hence, it is important to know the individual species requirements and combine these with research needs. Similarly, species can differ greatly in diet, with some being relatively omnivorous (e.g., starlings) and others specializing in a particular food type (e.g., manakins, cotingas and birds of paradise, which are all specialized frugivores). Some require grit in their diet either to aid

the digestion of food or as a source of calcium and other minerals.
QUESTIONS:

1.
Which of the following research categories is the one where most research using Passerine birds can be said to fall on?
a.
Ecotoxicology

b.
Epidemiology of infectious disease

c.
Agricultural pest control

d.
Fundamental biology

2.
Which of the following Passerine species had its genome sequenced in 2010?
a.
Zebra finch

b.
European starling

c.
House sparrow

d.
Canary

3.
What is the Latin name for the Zebra finch?
a.
Passer domesticus

b.
Sturnus vulgaris

c.
Melospizia melodia

d.
Taeniopygia guttata

e.
Sylvia borin

4.
Passerines are typically nocturnal: True or False?

5.
Which of the following is FALSE with respect to Zebra finches?
a.
They are social

b.
They have sexual dimorphism 

c.
They cannot detect UV light

d.
They cannot learn new songs as adults

6.
Which of the following does not normally readily breed in captivity?
a.
European starling

b.
Zebra finches

c.
Bengalese finches

d.
Canary

7.
Which of the following Passerine families stands out due to their large overall brain size (especially forebrain)?
a.
Fringillidae 

b.
Corvidae 

c.
 Paridae

d.
Passeridae

8.
Which of the following characteristics is common to all Passerine species?
a.
They display breeding seasonality

b.
Song learning is by means of a conspecific tutor

c.
They all sing

d.
They are all territorial

9.
Which of the following species of Passerine may be best kept singly housed?
a.
Robins

b.
Zebra finches

c.
Warblers

d.
Starlings

10.
What is the natural hearing range of Passerines?
a.
0 to 8 kHz

b.
1 to 5 kHz

c.
5 to 10 kHz

d.
10 to 15 kHz

ANSWERS:

1.
d. Fundamental biology

2.
a. Zebra finch 

3.
d. Taeniopygia guttata

4.
False. They are diurnal

5.
c. They cannot detect UV light

6.
a. European starling

7.
b. Corvidae

8.
c. They all sing

9.
a. Robins

10.
b. 1 to 5 kHz

Kalmar et al. Guidelines and Ethical Considerations for Housing and Management of Psittacine Birds Used in Research, pp. 409-423

Domain 4: Animal Care 
Tertiary Species: Other Birds

SUMMARY: The stated purpose of this article is to provide scientific information relevant to the laboratory confinement of Psittaciformes and to help refine arrangements for their acquisition, housing and maintenance. Psittaciformes have stout curved beaks with a cere, zygodactyl feet, and colorful plumage. Within the order of Psittaciformes there are two groups generally recognized as separate families, the Cacatuidae and the Psittacidae. The  morphological features of the Cacatuidae include an erectile crest, lack of Dyck Texture (nanostructures in the feather responsible for blue feather color, as a result cockatoos never display blue or green colors in their plumage), and the presence of a gall bladder, which is absent in other parrots. A third family is suggested, Nesteridae, for the New Zealand parrots the kakapo, kea, and kaka. Lories and Lorikeets form a separate group whose classification is controversial, but are defined by a long, brush-tipped tongue and slender beak. Both features which help adapt them to their specialized diet of nectars and pollens. Within the Psittacidae Amazons and budgerigars were the most represented research subjects.

Factors that should be taken into consideration when selecting Psittaciformes for research include species, age, gender, background, and homogeneity of those features among the birds used. Proper socialization and longevity should also be taken into consideration. Some species can live as long as 50 to 80 years. Parrots are the most endangered birds in the world. The Convention on International Trade in Endangered Species (CITES) Appendix I lists 51 psittacine species accounting for nearly one-third of all avian species,  while Appendix II lists nearly the entire remaining two-thirds of psittacine species. The US Fish and Wildlife Service governs the import, export, and interstate trade of endangered species.  Only four species of Psittaciformes are not considered at risk: peach-faced love birds, budgerigars, cockatiels, and rose-ringed parakeets. Whenever possible, the least endangered and least cognitively developed species should be used to achieve experimental goals.

In captive parrots, obesity and nutritional deficiencies are common; therefore nutrition is an important component of species management. Commercial seed diets are deficient in vitamins and minerals and contain deteriorated calcium:phosphorous ratio. Pelleted diets are preferentially recommended as they prevent selective feeding and can be specifically formulated to meet nutritional needs. A combination of caging may be necessary to meet both experimental needs and allow for species specific behavior. Caging types frequently utilized for parrot species include individual cages or aviaries, solitary or nonsolitary cages, and indoor as well as outdoor caging. Captivity deprives birds of social contact and limits foraging activities. Animate enrichment in the form of social contact with humans and conspecifics and inanimate enrichment in the form of adaptations to the cage environment, manipulanda, and foraging opportunities can enhance the housing environment.  Indications of compromised welfare in parrots include excessive vocalization, display of fear behaviors such as biting or flying away, and abnormal repetitive behaviors. Potential zoonoses encountered when working with Psittaciformes include salmonellosis, yersiniosis, tuberculosis, ectoparasite infestation (Dermanyssus gallinae) and psittacosis. 

QUESTIONS:

1.
What are two other names commonly used to refer to psittacosis?

2.
What is the etiologic agent of psittacosis and what tests can be used to screen for this agent?

3.
If a person were to contract psittacosis, what are the range of symptoms a human could experience?

4.
What are three main categories of parrot stereotypies and cite example behaviors?

ANSWERS:

1.
Ornithosis or Parrot Fever

2.
Chlamydophila psitacci

3.
Symptoms can include mild respiratory disease, pneumonia, nausea, vomiting, hepatitis, myocarditis, disorientation, mental depression, delirium, and possible death

4.
a) Locomotion: examples are route tracing, pacing, or corner flipping

b) Oral: examples are spot pecking, sham chewing, bar biting, tongue rolling  

c) Object directed: example is the repetitive, invariant manipulation of objects

Schmidt.  An IACUC Perspective on Songbirds and Their Use in Neurobiological Research, pp. 424-430

Domain 4: Animal Care

T1. Develop animal husbandry programs

T2. Manage or provide indirect management/oversight of animal husbandry programs T3. Manage or provide indirect management/oversight of laboratory animal facilities

Tertiary Species – Other Birds
SUMMARY: Many labs are starting or have already started to use songbird, but no guideline therefore each lab will vary considerably form one institution to another.  This article address a number of factors to consider for effective oversight of research involving songbirds, and it also highlights some of the issues related to the care and maintenance of songbirds in the laboratory. 

It concludes with a recommendation for the development of standardized care and maintenance procedures that will preserve the flexibility and accommodation of different needs across multiple species of songbirds.

QUESTIONS:

1.  
Research use of songbirds falls into all of the listed broadly defined areas except: 

A.
Vocal learning and production (the most popular areas in terms of number of labs), 

B.  
Chemical toxicity exposure on brain tissue and its effect on learning 

C. 
Hormonal mechanisms of adult (seasonal) plasticity and neurogenesis 

D. 
Sexual dimorphism of brain and body 

2. 
Laboratories often cannot justify the high cost in house breeding and choose to purchase adult birds from large bird farms, reducing the cost to $8 or $10 per bird. This approach raises the following problems except ____.

A. 
Relatively few bird farms can unexpectedly become limited, resulting in delivery delays of up to several weeks and slowing research.

B.  
Is that many bird farms receive their supply of zebra finches from local breeders whose identity and thus breeding conditions are unknown. The result may be uneven quality of birds which may directly affect experimental outcomes. 

C. 
Use of “low-quality” birds may also lead to an increase in the number of animals used in order to achieve a statistically relevant cohort—an outcome that conflicts with the “Three Rs” (replacement, reduction, and refinement; Russell and Burch 1959). 

D.
Important for many researchers is the fact that the large bird farms have a relatively good understand of each bird’s acoustic environment and may even know the exact history of a bird’s exposure to songs.

3. 
The need to develop songbird-specific standards is well illustrated by the way _________ is/are regulated in many animal facilities. 

A. 
Temperature

B. 
Sanitation

C. 
Light dark cycle

D. 
Humidity

E. 
All the above

F.  
A and D
4. 
Testing in Songbirds Experimental procedures in the behavioral and neural sciences cover a wide range of techniques. Nonsurvival procedures include 

A. 
Removal of the brain for in vitro slice physiology or for mapping of gene expression patterns. 

B. 
Surgery and the implantation of electrodes or other probes in the brain or airway for long-term recording or drug delivery.

C. 
The creation of small lesions targeted to specific brain areas to assess effects on behavior for weeks to months. 

D. 
Removing the cochlea or cutting the nerve that innervates the vocal organ musculature.

5. 
Because a bird’s neural selectivity is strongly influenced by the mechanism of anesthesia or sedation, researchers have discontinue this drugs because it became clear that this drug is not viable because it suppresses neural activity in response to auditory stimulation:

A. 
Urethane

B. 
Mixtures of ketamine and xylazine

C. 
Sedation with diazepam alone

D. 
Equithesin, a cocktail of chloral hydrate, magnesium sulfate, and sodium pentobarbital.

E. 
Melatonin to induce a sleep-like state, and even, for the nonsurgical portion of a recording experiment, unanesthetized restrained animals.

6.  
A set of basic operating procedures to standardize husbandry practices for the most commonly used songbird species. Such procedures would include all except:

A.
Guidelines for acquiring, housing, and breeding birds

B.
Guidelines for using anesthetics, with justifications of when and how to use them 
C.
Guidelines for ensuring the care of animals during longitudinal studies.

D.
The development of standardized procedures should come from the individual investigators

ANSWERS:
1. 
B.
2.
D.
3. 
F.
4.  
A.
5. 
D.
6.  
D.
